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Introduction



Home bias in international investment is one of the main puzzles in international …nance. Investors tend to invest mostly in domestic assets, apparently without 1



taking advantage of the possibilities of international risk diversi…cation. Placed in the border between international macroeconomics and …nance, the home bias in portfolio has important implications for economic analysis and policy-making. Traditional theory, starting from Lucas’(1982) seminal paper, tends to claim that in a frictionless world with perfectly-mobile factors, portfolio should be allocated following perfect pooling. However, when people talk about home bias in portfolio formation, the crucial issue is: "What is the benchmark for perfect diversi…cation?" It may be that a little proportion of foreign equity is, indeed, e¢ cient. This paper, drawn on Heathcote and Perri (2007, henceforth H&P,) explores the demand for diversi…cation due to investment ‡uctuations in a Cole and Obstfeld economy. Indeed, terms of trade (TOT) mechanism to hedge risk works only when there is no possibility of intertemporal transmission of consumption. i.e. the mere existence of some investment kills out the power of TOT in o¤setting productivity shocks. It provides insurance only in a "static sense". If households account for expectations of the future they need something else to ensure perfect risk sharing: some portfolio diversi…cation. I build a new benchmark for the analysis of the international equity puzzle in a tractable New Open Economics Macroeconomic Model. Unlike in H&P, I disentangle the technology of the consumption goods from that of the capital goods. Second, I introduce nominal rigidities in prices and provide robustness for the main result. Third, I introduce dynamics to the markets. The main features and …ndings of the analysis are the following: 1. First, I di¤erentiate the cobb-douglas aggregator for the goods used in the creation of the …rms from that of the consumption goods. It is useful to ensure that one is not overlooking the role of the preferences in this model. Indeed, I show that it is the parameter tied to investment demand which deals the optimal bias in portfolio. 2. Second, I explore the interrelation between investment allocation and …rms allocation, by adding the extensive margin in the markets. To do so, I assume that the introduction of a new variety requires an initial sunk cost and some time to build-up the plant before starting the production. In the case of ‡exible prices, the allocation of the …rms -and so, the number of varieties supplied in the market- is independent of the ownership of their shares. Consequently, the constant allocation of investment is optimal even with market dynamics. 3. Third, I show that, when assuming a monetary policy which replicates the ‡exible price equilibrium allocation, the previous result holds, independently of the price regime of the economy. I introduce nominal rigidities in prices, …rst assuming producer currency pricing (PCP) and then local currency pricing (LCP). In both cases, the optimal level of diversi…cation coincides with that of the ‡exible price regime.1 However, when the au1 Like in H&P, I …nd that a constant, homely-biased portfolio exists for an equilibrium with perfect risk sharing, although my result di¤ers from that of H&P.
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thorities apply a general monetary policy, the endogenous portfolio arising from the benchmark setup is no longer constant. 4. Finally, the role of the undiversi…able labor income must not be dismissed. I agree with H&P on its relevance and, like in their paper, the technology parameter (i.e. the labor income share) a¤ects crucially the degree of diversi…cation, with a negative relation. I focus on an incomplete-market framework2 where only shares of …rms and an international riskless bond are traded and all my goods are tradable. The optimal proportion of diversi…cation resultant from this theoretical model is compatible with European actual data, for the parameterization usually used in the literature. A bias on capital goods between 70 and 75%, an elasticity of substitution of 5 and a labor income share of 2/3, implies a diversi…cation of the portfolio around 33%-37%. EU-15 portfolio in 2003 was 65% biased towards home equities.3 Concerning the bias on capital goods, a large part of the literature agrees on the fact that physical capital is mostly bought or built domestically. It is not di¢ cult to defend this claim: …rst of all, construction (of the plants and some equipment installation) is almost entirely local and it represents a large proportion of total set-up costs; moreover, equipment trade is tight to costs arising from marketing overseas, the negotiations for foreign purchases, transportation, tari¤s and non-tari¤ barriers, the distribution in foreign markets, adaptations to foreign conditions and standards, installation in foreign production facilities, the need to train foreign workers to use the equipment and the provision of parts, maintenance and customer service from abroad. All these features make capital home bias even greater than that of consumption goods.4 The roadmap for the remainder of the paper is the following: section two provides a small literature review. Section three presents the setup of the model under fully ‡exible prices. Section four gives us the equilibrium results. Section …ve introduces nominal rigidities. I consider a monetary authority who uses an optimal policy to replicate the ‡exible prices equilibrium allocation. I analyse it under a producer currency price (PCP) regime and, later, under locally currency price (LCP). The conclusions and plans for future research are in section six. The appendix contains some algebraic details which are not necessary for the understanding of the text and conclusions of the paper. 2 It provides perfect risk sharing, although it is not a complete market o¤ering a full set of arrow-debreu securities. 3 Source: Bruegel estimates based on OECD and IMF CPIS. 4 See Eaton and Kortum (2001) for an empirical study on equipment trade. Notice, however, that the analysis refers only to equipment and disregards construction. In the model I present, one must consider "construction goods" to be aggregated in the composites for consumption and capital. Thus, the correct proportion of capital produced domestically must be, necessarily higher than the levels indicated by Eaton and Kortum.
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Literature Review



The …rst question which is worth addressing is whether diversi…cation raises the level of consumer’s welfare. If this is not the case, the lack of diversi…cation of the international portfolio would not be such a puzzle but simply the result of agents’optimal decisions. Van Wincoop (1999) performed an accurate empirical estimation of the magnitude of these gains. He found that welfare gains increase with the level of risk aversion and that they are between 1.1% and 3.5% in a …fty-year horizon and between 2.5-7.9% for a horizon of a hundred years. These are very large values. Thus, as Van Wincoop argued, if potential gains are so signi…cant, the natural question that must be analysed by economic researchers is why …nancial markets have not achieved more risk sharing. One needs to better understand both why investors do not take diversi…ed positions in existing stock and bond markets, and why markets that allow for trade in broad claims on national income (macro markets) have not yet developed. In Lucas’(1982) seminal paper, households optimally split the portfolio half and half to each country. They live in a one-good endowment economy. Baxter and Jermann (1997) went a step forward and introduced production with nondiversi…able labor. They conclude that the international equity puzzle was even worse that what was claimed by Lucas: households should go short in home assets in order to hedge the extra risk generated by the undiversi…able factor. Economic research has moved in several directions to explain the home biased equities puzzle which still remains an unexplained behavior. Gehrig (1993), Brennan and Cao (1997) and Martínez-García (2005), for instance, focus on the existence of informational asymmetries as the principal source of the bias, whereas Pesenti and van Wincoop (1996) found empirical evidence against this theory. Another strand of literature quite in line with the latter is that focusing on the costs of diversi…cation as relevant investment allocation barriers.5 It is also argued that investment may principally be an issue of control, instead of having the scope of risk sharing. The concentration of the ownership of savings in a relatively small number of individuals may be evidence in favour of this explanation. It seems that it is the familiarity that investors have with a (local) …rm rather than the preferences on the aggregated domestic portfolio that makes them bias their savings towards home assets.6 The role of non-tradable goods was a well-known direction of research by the nineties. Tesar (1993) showed that the high correlation between savings and investment, the low cross-country correlation between consumption growth rates and the home bias in investment portfolios are consistent with complete …nancial markets when agents face stochastic ‡uctuations in the output of non-traded goods. Consumer preferences over traded and non-traded goods and over the intertemporal allocation of consumption may skew portfolios toward claims on domestic output. Recently, 5 See Obstfeld and Rogo¤ (2000) for a view in favour of this explanation. They claim that trading costs may be relevant if modelled right. See French and Poterba (1991) or Tesar and Werner (1995) for arguments against it. 6 See, for example, Kang and Stulz (1997); and Mankiw and Zeldes (1991) for a discussion on equity holdings concentration on a small number of better-o¤ individuals.
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some authors have expressed the conviction that home bias in data is due to a mere error of misspeci…cation (Coeurdacier and Guibaud (2005)). Cole and Obstfeld (1991) depart from the widespread view taken by most of the authors that home bias is the result of market frictions or agents’unoptimal behavior. They presented an extreme case where the lack of diversi…cation was e¢ cient. The hedge of risk went via terms of trade movements: any variation in the relative value of home output was compensated by a change in relative prices, keeping nominal intercountry di¤erence of consumption equal to zero. Hence, the e¤ect of country-speci…c productivity shocks could be perfectly o¤set through the international transmission. However, they limited the analysis to a labor-economy set-up, missing the potentially relevant role of investment. H&P and a small bunch of quite recent papers argue that the home bias corresponds to optimal rational agents’ strategies for portfolio diversi…cation. H&P go one step further and include capital in the model. As Cole and Obstfeld did, they rely on relative international prices adjustment after shocks as the main mechanism to ensure the diversi…cation of risk. Their main …nding is that a time-invariant share of investment on home and foreign …rms yields perfect risk sharing. Their model is built on Backus, Kehoe and Kydland (1992, 1995), assuming that households only trade shares in domestic and foreign …rms. They allow for capital investment dynamics and imperfect substitutability between traded goods. Finally, the recent paper by Coeurdacier et al. (2007) addresses three main stylized facts on international portfolios and exchange rate in an incomplete markets scenario. The …rst one of these empirical facts is, precisely, the home equity puzzle. They argue that previous literature fails in accounting only for supply shocks. Indeed, they are the …rst to introduce two extra types of shocks: redistributive and relative demand shocks, which produce a home biased portfolio in equilibrium. They do so in a two-country two-good world.
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The Model



The world consists of two symmetric countries, denoted by H (home) and F (foreign) and an endogenously determined number of varieties, all of them perfectly tradable. Home (foreign) country is inhabited by a continuum of homogeneous households who sum up to 1 and supply their labor to domestic …rms. There is no capital accumulation but only a cost to entry into the market. Firms and agents are homogeneous within countries. However, preferences are symmetrically biased towards domestically-produced goods. The monopolistic …rms set prices ‡exibly, by maximizing pro…ts.



3.1



Households



Each country is populated by a continuum of households, whose preferences are de…ned over the consumption of nt + nt goods: a composite of home + foreign
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…nal produced varieties. The preferences of home households are represented by Ut = Et



t 1 t=0



[ln Ct



`t (j)] ;



(1)



where 0 < < 1 is the discount factor and U (:) is a utility function de…ned over the consumption of a basket Ct and a linear disutility of labor e¤ort, `t (j). The consumption basket is given by a Cobb-Douglas aggregator over the bundles of tradables produced in the home (CH ) and foreign (CF ) country (i.e. a CES basket with unit elasticity), 1 Ct = CH;t CF;t ;



(2)



where < 1. CH andCF are CES aggregators over the n (n ) varieties produced in the home(foreign) country. For simplicity, I assume identical elasticity of substitution, . Z nt 1 1 1 dh CH;t = ct (h) ; (3) h=0



CF;t



=



Z



nt



1



ct (f )



1



f =0



df



!



1



:



(4)



Here, h and f denote a speci…c variety of the corresponding country. Households all over the world …nance the creation of …rms in both countries. In order to construct her portfolio of investment, the home household purchases a fraction F;t+1 , of the shares issued by foreign-country …rms and H;t+1 of the domestic …rms, which will start producing next period. She a¤ords her consumption expenditure and investment with the dividends received from currently active …rms at home and abroad, proportionally to her current portfolio allocation: H;t , F;t and her labor income. The budget constraint is



Bt+1 + + =



H;t



Z



nt



H;t+1



Z



nt



nZ t+1



nt+1



qt (h) dh + et



pt (h) ct (h) dh +



t (h)dh



+ et



F;t



Z



nt



Z



F;t+1



nt



Z



qt (f ) df +



(5)



pt (f ) ct (f ) df =



t (f )df



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



where labor supply (`t (j)) is elastic, being the linear disutility for the e¤ort of working; t (h) are the pro…ts of …rm h. An initial investment is needed for a new …rm to start producing. qt (h) (qt (f )) is the cost necessary for the creation of a …rm at home (foreign). t (h) ( t (f )) are the pro…ts of a single home (foreign) …rm in home (foreign) currency; et is the nominal exchange rate (pt (h) = et pt (h)), ct (h) the domestic demand for good h, nt is the number of …rms allocated at home and wt is the wage. Bt is the international riskless bond. Finally, indicates the home-bias on consumption preferences. The super script *, x , stands for the foreign country. 6



3.2



Firms



A continuum of n(n ) tradable goods …rms in the home (foreign) country act in a monopolistically competitive economy. All of them sell their products in both home and foreign markets. A sunk cost is paid at time t to develop a new variety, which will enter the market at t+1 and disappear at the end of that period (full amortization.) This cost is …nanced by issuing equities in the international stock market, i.e. both home and foreign agents have access to shares of any …rm created all over the world. Creation of new …rms To produce a new home variety at time t + 1, entrepreneurs must incur a startup cost of qt (h) = Pk;t Kt today. Firms are fully depreciated after one year of production. Kt is a composite good containing both home and foreign varieties following a Cobb-Douglas aggregator, the size of which is randomly determined every period, (1 ) Kt = KH;t KF;t ; where KH;t and KF;t are the baskets of home and foreign …nal goods used in capital. The lower the Kt (Kt ) the more e¢ cient home (foreign) country in the creation of new …rms or varieties. Pk;t is the CPI for the basket Kt .7 Finally, indicates the bias in the preferences of capital goods. And, KH;t =



Z



nt



1



kt (h)



1



1



dh



; KF;t =



h=0



Z



nt



f =0



1



kt (f )



1



df



!



1



:



(6)



with * on all the K and k for the foreign country.8 Hence, total investment at home is IH;t = nt+1 qt (h) = nt+1 PK;t Kt : Production Once created, …rms produce a di¤erentiated variety with an homogeneous technology which requires only labor: Yt (h) = AH;t `t (h) :



(7)



The state of the economy is fAH;t ; AF;t g : is, indeed, the share of output going to labor. The (1 ), which belongs to capital, is distributed among investors via dividends.Yt (h) is the production 7 One



may easily have di¤erent CES aggregators and/or an extra parameter of productivity % R nt % 1 1 1 for K in the model (e.g. of the type Ki;t = AKi;t h=0 kt (h) % dh , where i = H; F and % stands for the elasticity of substitution between capital goods, which may di¤er from ; the elasticity between consumption goods). However, the set-up presented in the paper disregards this alternative to concentrate only on the scope explained in the introduction. In this case, the closed-economy version would have P = PK , since the unique di¤erentiation between C and K would be, by assumption, the Cobb-Douglas parameter ( 6= ). 8 See the appendix for details.
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of one …rm, and kt (h) is the demand of the …nal good h by new entrants to build up their plants. pt (h) is the price of variety h which is ‡exibly set by the monopolistic …rm and `t (h) is labor demand for good h:



4



Equilibrium



4.1



The Household’s Problem



Households maximize utility subject to the budget constraint. The …rst-order conditions are: 1 = t= ! wt = Pt Ct ; (8) wt Pt Ct CH;t = ct (h) = CH;t



Pt Ct ; CF;t = (1 PH;t



pt (h) PH;t



Bt+1:



1 = Pt Ct



H;t+1 : F;t+1 :



)



; ct (f ) = CF;t (1 + it ) Et



qH;t = Et Qt;t+1



Pt Ct ; PF;t



(9)



pt (f ) PF;t



;



1 Pt+1 Ct+1



(11)



H;t+1 ;



et qF;t = Et Qt;t+1 et+1



(10)



(12)



F;t+1 ;



(13)



where Qt;t+1 is the discount factor of future dividends and qH;t (qF;t ) is the country aggregate of qt (h) (qt (f )). Equation (8) is the endogenous supply of hours of labor; (9) shows the allocation of the consumption expenditure among home and foreign-produced goods which is constant due to the Cobb-Douglas assumption; (12) and (13) provide us with the free entry conditions for new …rms. Firms will enter the market whilst the initial …xed cost is lower or equal to the expected pro…ts. H;t are the aggregate pro…ts of all domestic …rms. Finally, (11) is the usual Euler equation, the intertemporal rate of substitution between the consumption in period t and t + 1. The welfare-based price index is 1 PH;t PF;t Pt = ; (14) where



=



(1



1



)



Qt;t+1 =



. And, 1 = Et 1 + it



Pt Ct Pt+1 Ct+1



= Et



t



;



t+1



is the intertemporal rate of substitution between the consumption in period t and t + 1. Foreign households solve an analogous problem with symmetric preferences, i.e. they prefer the foreign-produced goods, f , as much as home households prefer home-produced ones, h.9 9 See



the appendix for details.
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4.2



The Firm’s Problem



Creation of new varieties: During the creation of the variety, home …rms choose the demand of each capital good, kt (h) and kt (f ), by solving the following minimization problems: ! Z Z nt



min



nt



pt (h)kt (h)dh



kt (h)



1



kt (h)



t



1



1



KH;t



dh



:



0



The …rst-order condition is: pt (h) PH;t



kt (h) =



KH;t



(15)



and min



kt (f )



Z



nt



pt (f )kt (f )dh



t



0



thus,



0 @



kt (f ) =



Z



nt



1



1



kt (f )



pt (f ) PF;t



df



!



1



1



KF;t A ;



KF;t ;



1



where the shadow price, t = PH;t = nt1 baskets of home and foreign capital are



pt (h) and



Pk;t Kt ; KF;t = (1 PH;t



KH;t =



)



t



= PF;t . The optimal



Pk;t Kt : PF;t



Firm h today has a demand of variety h, to be used in building …rms, of nt+1 kt (h). > 1, is the intratemporal elasticity of substitution between goods and the price indexes for capital are, 1



PK;t =



(PH;t ) (PF;t )



; PK;t =



PH;t



1



PF;t



;



1



where = (1 ) .10 Cost Minimization and Optimal Prices: Firms choose the amount of labor which minimizes costs, min wt `t (h) ; subject to the technology constraint. Thus, the …rst order condition is, t 1 0 The



=



wt 1 `t (h) AH;t



condition for stability requires that 1 >



9



= mg cost, 1



. See appendix for details.



where



t



it the lagrange multiplier. Once operative, …rms maximize pro…ts:11 max pt (h)Yt (h)



wt `t (h) ;



pt (h)



(16)



subject to the technology restriction and demand. Thus, the optimal price is pt (h) =



1 1 wt Yt (h) 1 A1 H;t



1



:



Prices consist of a constant mark-up over the expression of marginal costs which depends crucially on the level of production, due to the non-linear technology.



4.3



Markets Clearing



The clearing conditions for the domestic and foreign goods markets are: ct (h) + ct (h) + nt+1 kt (h) + nt+1 kt (h) = Yt (h) ; ct (f ) + ct (f ) + nt+1 kt (f ) + nt+1 kt (f ) = Yt (f ) :



(17) (18)



A …rm satis…es four sources of demand: those of the home and the foreign households and those of the …rms which will produce next year in the home and foreign country. The labor market is emptied when: nt `t (h) = `t (j) ; nt `t (f ) = `t (j ) :



(19) (20)



Finally, the …nancial markets in equilibrium must ful…ll: Bt H;t F;t



= Bt ; = 1 H;t ; = 1 F;t :



(21) (22) (23)



Under this non-linear technology, one can write home aggregate pro…ts as a constant fraction of total revenue, although this fraction is di¤erent from that found = 1 PH YH < under constant returns to scale (with linear technology CRS H DRS ). This depends both on the elasticity of substitution and the technologiH cal parameter. Hence,12 H;t



= PH;t YH;t 1



1



=



(1



)+



PH;t YH;t :



(24)



1 Notice that (1 )+ > 0. The amount of pro…ts over total income is higher due to the diminishing returns to scale in the technology. One can also write the labor cost as a fraction of the output of the …rms:



wt `t (h) = 1 1 See 1 2 See



1



appendix for details. appendix for pro…ts aggregation.
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pt (h) Yt (h) :



(25)



4.4



Solving the optimal diversi…cation level,



Let’s conjecture that an equilibrium allocation exists with B = 0 and constant portfolio demand H;t = F;t = for symmetric countries (Lt = Lt = 1) such that: Pt Ct = et Pt Ct ; (26) i.e. where households get perfect risk sharing. So that Qt = et Qt , stochastic discount rates are the same across countries. Hereafter it is shown that this is, indeed, an equilibrium allocation, by characterizing the associated vector of equilibrium prices, and verifying that prices and quantities satisfy households’ …rst-order conditions, market clearing conditions and the resource constraints. Let’s de…ne the following relative variables in nominal terms: 4C = Pt Ct et Pt Ct ; 4| = nt+1 Pk;t Kt et nt+1 Pk;t Kt = IH;t 4U = PH;t YH;t et PF;t YF;t :



(27) et IF;t ;



These are the intercountry di¤erences in consumption, investment and output in nominal terms. Moreover, from goods market clearing conditions,



PH;t YH;t = PH;t



Home Output Pt Ct P C Pk;t Kt + et PH;t (1 ) t t + nt+1 PH;t + PH;t PH;t PH;t +nt+1 et PH;t (1



PF;t YF;t



)



Pk;t Kt : PH;t



Foreign Output Pt Ct PH;t = Pt Ct + (1 ) + nt+1 (1 et et Pk;t Kt +nt+1 PH;t : PH;t



)



Pk;t Kt + PH;t



By taking di¤erences, I have an expression for the output absorption in the economy.13 4U = (2 1) 4C + (2 1) 4|: (28) The di¤erence in nominal output is due to the di¤erences in consumption and in investment. The size of each of them in 4U depends on the corresponding parameter of the Cobb-Douglas aggregator in C or K, or . Hence, in the conjectured equilibrium, 4Uj4C=0 = (2



1) 4|:



(29)



Let’s take the home and foreign households’aggregate budget constraints Pt Ct = wt `t Lt + (1 1 3 This



) nt



t



(h) + et nt



t



(f )



equation is the equivalent of number 27 in H&P.
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(1



) IH;t



et IF;t



Pt Ct = wt `t Lt +



1 et



H;t



+ (1



)



1 IH;t et



F;t



(1



) IF;t



and substitute the expressions for pro…ts and labor income as a function of GDP (eq. 24 and 25). Pt Ct



1



=



PH;t YH;t + (1 1



et 1 + (1 + it ) Bt



1



) 1



PF;t YF;t



(1



PH;t YH;t +



) IH;t



et IF;t



Bt+1



and Pt Ct



1



= + (1



PF;t YF;t + ) 1



+ (1 + it ) Bt



1 et 1



1



1



PH;t YH;t + 1 IH;t et



PF;t YF;t



(1



) IF;t



Bt+1 ;



where PH;t YH;t is the nominal domestic output (U) and PF;t YF;t the foreign output (U ) and I is the investment of the current period. By imposing Pt Ct et Pt Ct = 0, C



U



=



1



+ (1



+ ((1 + it ) Bt



2 ) 1



Bt+1 )



1



| (1



et (1 + it ) Bt



2 )



Bt+1 :



Plugging equation (29) and setting the gross and net holding of bonds identically equal to zero, B = 0,14 C=



4.5



1+2



1



1



(2



1) 4|



| (1



2 ):



(30)



Derivation of the Terms of Trade



Terms of trade are de…ned as the price of a country’s exports in terms of their P imports, i.e. T OT = PH;t . One can derive TOT from the resource constraints. F;t In the case of symmetric countries I have assumed, Lt = Lt = 1, CH;t + CH;t + nt+1 KH;t + nt+1 KH;t CF;t + CF;t + nt+1 KF;t + nt+1 KF;t 1 4 This



equation is the equivalent of 32 in H&P.
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= YH;t ; = YF;t :



Taking the ratio of the two equations on



Pt Ct PF;t



and



Pt Ct 15 PH;t ,



yields an expression



16



for the terms of trade,



T OTH;t =



1 YF;t et YH;t



nt+1 KF;t nt+1 KH;t



nt+1 KF;t : nt+1 KH;t



The terms of trade depend on the relative supply of output net of investment. Given investment, the international transmission is positive: an increase in net home output bene…ts foreign households by lowering the home output prices. At the same time, a positive productivity shock at Home raises investment. 1 Let = (1 ) . Hence, the price indexes can be rewritten as Pt



=



Pt



=



PH;t



YH;t YF;t



nt+1 KH;t nt+1 KF;t



nt+1 KH;t nt+1 KF;t



PH;t et



YH;t YF;t



nt+1 KH;t nt+1 KF;t



nt+1 KH;t nt+1 KF;t



!1 !



;



(31)



:



(32)



For = 1=2, households’preferences are identical, the real exchange rate P=P is identically equal to 1. In other words, purchasing power parity holds.17 For 6= 1=2, instead, home bias in consumption implies that the real exchange rate is not constant, but moves with the terms of trade: RERt =



Pt = et Pt



1 2



PF;t PH;t



:



(33)



With perfect risk sharing, it follows that the ratio between consumption levels is also equal to the RER. Ct = Ct



PF;t PH;t



1 2



:



(34)



1 5 See 1 6 If



appendix for computations in detail. I allow for Lt 6= Lt , Lt CH;t + Lt CH;t + nt+1 KH;t + nt+1 KH;t



=



YH;t ;



Lt CF;t + Lt CF;t + nt+1 KF;t + nt+1 KF;t



=



YF;t :



Then, T OTH;t 1 7 Cole



h ) Lt ] YF;t 1 [ Lt + (1 h = et [(1 ) Lt + Lt ] YH;t



and Obstfeld case.
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i



nt+1 KF;t



nt+1 KF;t



nt+1 KH;t



nt+1 KH;t



i:



4.6



Transmission Mechanism



Equation (30), which I recall below, is the key equation yielding the explanations for investors’behavior. via Y



z



via prices



z }| { C = (2 1) 1 |



2



}|



1 {z



indirect e¤ect



1



{



4| (1 2 ) |: | {z } } direct e¤ect



To make the mechanism clear, let’s assume that a fully anticipated shock consistent in a rise in relative investment occurs18 (i.e. IH;t+1 whereas IF;t+1 keeps constant.) First, consider an environment where the basket of capital goods is biased towards domestic varieties ( > 12 ). In this case, < 12 . In brief, one can say that the IH;t+1 causes a quantity and a valuation e¤ect and these disturb perfect risk sharing. The shock generates an increment in home households’wealth whereas foreign wealth decreases. This is re‡ected on the valuation of home output via the increase in prices. I may split the overall impact into two simultaneous e¤ects which move in opposite directions. On the one hand, | has a negative direct e¤ect on C. The relative demand of home goods increases because they are used to satisfy the extra investment. Although part of this cost is …nanced by foreigners through ownership ( 21 > > 0), the home household is forced to reduce her relative consumption. This impact on C helps to regulate the …nancial ‡ows and thus avoids disturbing perfect risk sharing. Notice that when = 0 (no diversi…cation), the term ( (1 2 )) equals 1. So, an increment of one euro in domestic investment directly implies a one euro reduction in domestic consumption because it generates a one unit decline in dividends received by home households. By contrast, if = 1 (home households only own foreign assets) the direct term equals 1. Thus, an extra euro of home investment generates a reduction of one euro in the foreign consumption because the foreign households are who …nance the whole cost of it. On the contrary, the indirect e¤ect, the impact of U on C, is positive. This can also be separated into two parts. The …rst, (2 1), captures the extent to which an increase in domestic absorption (in this case, investment) increases 1 ), re‡ects the relative value of home output. The second part, (1 2 1 the impact of a change in relative output on relative consumption. It shows the fact that an increment in relative demand for home goods has a positive e¤ect on the terms of trade for the domestic economy. This e¤ect is negatively related to and positively to . This is the case because, the larger the non-diversi…able labor’s share, the larger the impact of an improvement in the domestic economy’s terms of trade on relative consumption, given .19 Similarly, the smaller the 1 8 A typical example of IH is the expectancy of a future increase in home productivity, so that agents want to create more …rms to take advantage of such improvement. 1 9 This is due to the fact that most of the revenue goes directly to labour, via wages. Real wages are a¤ected by the changes on relative prices. On the contrary, when a large part of
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diversi…cation level , the larger the impact of a variation in relative prices on C. To sum up, when the shock is anticipated, home output has a higher relative value due to the increment of the demand. In consequence, the distributed dividend, which belongs partly to foreign households, is larger. The increase in the output demand pushes the quantity of labor up and so the total labor income increases, making households become richer. Indeed, the magnitude of this general equilibrium e¤ect is greater than the magnitude of the direct e¤ect when (the proportion of foreign assets) is inef…ciently high and vice versa. In order to compensate a situation like this and re-establish perfect risk sharing, must increase. Therefore, a larger proportion of dividends is redistributed to the foreign households in order to get a smooth consumption. In this way home households pass part of their wealth to the other country and, simultaneously, reduce the demand e¤ect. The latter occurs because, although they are importing more, these imports are partly …nanced by giving extra ownership to the foreigners. In the case in which capital goods are mostly composed by foreign varieties > 12 ), all the e¤ects act in the opposite direction. The direct ( < 12 ) e¤ect is positive, whereas the indirect e¤ect becomes negative. This change is reasonable since the demand generated by the extra investment, now, must be mostly covered by foreign goods and so foreign output increases its value with respect to home production. This result yields a basic conclusion: diversi…cation is not a tool to redistribute the purchasing power, but to control the excess of demand.20 And it is the existence of investment which makes diversi…cation necessary, because terms of trade are not able to neutralize the consequences of the shocks. By setting C = 0 I solve for , =



1 + (2



1 1)



1



1



:



(35)



Equation (35) is the equilibrium value for , i.e. the diversi…cation level for which the direct and indirect e¤ects of a shock disturbing relative consumption (for instance, a shock in investment) are exactly o¤set. Households allocate a positive part of their portfolios on foreign assets, 0 1. Notice that it is not the parameter from the preferences on consumption ( ) which plays a role in the diversi…cation, but the parameter of the preferences on capital goods ( ). Hence, it is important to disentangle these two, allowing them to be di¤erent. This is not done in H&P. The larger the home bias in the preferences for capital goods, the less they diversify. decreases with and is the household’s income comes from dividends, TOT loses its capacity of o¤setting the impact of the shocks. 2 0 Notice that and appear multiplied by 2. When investment at home goes up, home country increases both the demand for domestic goods (by ) and for foreign goods (by 1 ) and et PF;t KF;t = (1 ) PK;t Kt ,PH;t KH;t = PK;t Kt . Thus, | includes the term (2 1). By the same token, Pt Ct et Pt Ct = ::: (1 ) PK;t Kt ( ) PK;t Kt = (2 1) PK;t Kt .
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kept above 12 for < 12 and below 12 for > 12 . Thus, as H&P did, I …nd a portfolio biased towards home assets as the optimal allocation for households to reach perfect risk sharing. A larger trade share (smaller ) in capital goods implies a weaker terms of trade response to changes in relative …nal demand. So, for any given diversi…cation level, the indirect e¤ect of demand changes on relative consumption that works through prices is going to be smaller. Moreover, 1 whilst decreases with labor income share. This is because when is 2, high terms of trade does most of the job in equalizing consumptions. A smaller diversi…cation is needed to match perfect risk sharing. In the extreme case of ! 1, i.e. the country uses only domestically produced goods as capital in the creation of new …rms, households do not diversify at all, ! 0. This shows, again, that the home bias on consumption preferences is not relevant for diversi…cation, but also that the size of the labor income share alone, without the presence of some bias in demand (here in capital goods), is not important either. This is easy to understand: when home agents use only their own goods to create …rms, the …rst term of the indirect e¤ect, the one explaining the impact of relative output on relative consumption, is zero. There is no valuation of home output because ‡exible prices react one to one to the excess of demand, compensating the shock and ensuring perfect risk sharing. Thus, it agrees with Cole and Obstfeld’s result. Finally, when the bundle of capital goods is equally divided between home and foreign varieties, households need perfect pooling (i.e. they perfectly divide their portfolios between home and foreign equities) in order to get perfect risk sharing, as in Heathcote and Perri’s paper. In H&P, the share of diversi…cation of the portfolio is h



1



HP



i



=



1 1+



! 2!



= != 12



1 ; 2



where is the capital income share, ! is the parameter of the Cobb-Douglas aggregator in consumption (i.e. the indicator of the bias in consumption) and HP 1 is the level of diversi…cation in the portfolio (i.e. the equivalent of in this paper.) This happens because, when the demand on capital goods is equally allocated on home and foreign goods, any increase of either home or foreign investment pushes the demand for domestic and foreign varieties in the same proportion, keeping terms of trade invariable (the indirect e¤ect is zero). So, if agents rely on perfect pooling, they share the weight of the …nancing whichever country is a¤ected by the shock. The model provides an example of complementarity between terms of trade movements and income transfers via asset holdings in insuring against consumption risk from productivity ‡uctuations. Relative price movements already provide some consumption risk insurance, but this is not perfect. The reason lays on the fact that trade ‡ows among countries move terms of trade in response, not only to consumption but also, to investment needs. These needs are possibly driven by expectations of future 16



returns to capital. Portfolio diversi…cation provides a way to insulate terms of trade from the components of demand due to investment. Hence, income ‡ows from assets cover the demand for local inputs by foreign …rms: the higher the proportion of investment which is local, the lower the need to diversify.



4.7



Allocation of …rms



The free entry conditions (FECs) provide us with a system of two di¤erence equations to solve for n and n . At Home, the FEC is, PK;t Kt = PH;t KH;t + PF;t KF;t = Et Qt;t+1



t+1



(h) :



After some algebra,21 one …nds a system of two non-linear di¤erentiated equations on n and n , 2 3 1 1 1 1 Y (h) 1 Y (f ) 1 t t 5= nt+1 4KH;t 1 1 + KF;t 1 1 1 AH;t et AF;t 3 2 i1 h i1 1 h AF;t+1 Yt+1 (h) nt+1 ) AH;t+1 6 Lt+1 + Lt+1 (1 Yt+1 (f ) nt+1 + 7 7 1 1 Et 6 5 4 + 1 1 Yt+11(h) nt+2 KH;t+1



1



AH;t+1



and, symmetrically, 2 1 Yt (f ) 1 nt+1 4KF;t 1 1 1 AF;t 2 L + Lt+1 (1 6 t+1 Et 4 +1



1



)



h



AH;t+1 AF;t+1



Yt+1 (f ) 1



+ KH;t



1



1



1



i1 h



Yt (h) 1



AH;t i1 1



Yt+1 (f ) Yt+1 (h)



nt+2 KF;t+1



AF;t+1



1



1



3



et 5 =



nt+1 nt+1 +



1 3 7 5



Although an analytical solution for n and n cannot be provided, it is worth noticing that the expressions above do not depend on at all. Hence, the decision on the allocation of plants of production is completely disconnected from the decision on the ownership of …rms made by agents in the home and foreign country. So, it follows that the dynamics of markets do not invalidate the main result, i.e. constant biased , found in a perfectly competitive world, in the case of ‡exible prices.



4.8



The labor demand in equilibrium.



The f.o.c. for home …rms was wt 1 1 `t (h) = AH;t t 2 1 See



appendix for the computations.
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1 1



:



1



1



I use the technology restriction to get the lagrangian multiplier, So that, 1 1 1 AH;t `t (h) = pt (h) : wt



t



= pt (h)



1



.



Households supply an elastic amount of labor. It increases with the increment of the returns to scale of their e¤ort, i.e. the higher is, the more productive labor is and the more they are willing to work. labor supply goes up for higher levels of AH;t -the productivity of technology- and for higher prices, since, in this case, they need more income to be able to consume the same amount of goods. Finally, they supply less labor when wages are high, given prices.
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Nominal rigidities



This subsection checks whether the main result of the model holds under the assumption that prices are sticky. Suppose the simplest case of nominal rigidities: …rms must set their prices one period in advance, at the moment they are created, whilst the optimal level of labor is chosen when the production starts.



5.1



The Optimal Monetary Policy



To start with the analysis of an economy with price stickiness, let’s assume that the monetary authority decides to commit to a simple monetary policy. It determines a monetary stance tied to productivity shocks in such a way it is able to optimally obtain the equilibrium allocation we found when prices were perfectly ‡exible. Under this restrictive assumption, the optimal portfolio derived in the …rst part of the chapter holds. 5.1.1



Production with Producer Currency Pricing (PCP)



The Firm’s Problem At time t, the …rm maximizes the discounted value of future pro…ts subject to the technology restriction. Let’s assume that they set prices in the currency of the country of production. They are paid pt (h) for any unit sold at home or abroad, although foreign households account for the exchange rate, et , in deciding the level of consumption of variety h (pt (h) = h i h i pt (h) 1 :) However, since the = CH;t epttP(h) et pt (h), so ct (h) = CH;t PH;t H;t h i p (h) = law of one price holds also for the price indexes (PH:t = e1t PH;t ), Pt H;t i h pt (h) . Hence, one can simply maximize, PH;t max Et Qt;t+1 [pt+1 (h)Yt+1 (h)



pt+1 (h)
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wt+1 `t+1 (h)] ;



(36)



which yields the optimal price-setting,22 1



pt+1 (h) =



YH;t+1 1 Yt+1 (h) N `t+1 (j)



Yt+1 (h) AH;t+1



Et 1



;



YH;t+1



Et



(37)



t+1



where t+1 = Pt+1 Ct+1 . Prices crucially depend on expected . An expected monetary expansion raises the price level and nominal spending. 1



Since, in equilibrium PH;t = nt1



pt+1 (h) =



pt (h) and recalling that YH;t+1 = Yt+1 (h) Et



1



Yt+1 (h)



1



AH;t+1



1



Et



1 t+1



Yt+1 (h)



1



:



1



Let’s assume a monetary stance t = AH;t . Thus, the government reacts one to one to any productivity shock a¤ecting the domestic economy. In this case, the preset price is a constant proportion of the expected output (Et Yt+1 (h)) weighted by the technology parameter, pt+1 (h) =



1



Et Yt+1 (h)



1



1



:



The government controls the path of short-term rates i, providing a nominal anchor for market expectations. A forward-looking measure of monetary stance, is provided by equation (11) and the de…nition t+1 = Pt+1 Ct+1 . At time t+1, the …rm created at t chooses `t+1 (h) by minimizing costs. The f.o.c. does not change from the ‡exible-price case, wt+1 1 `t+1 (h) = mgC: t+1 = AH;t+1 Determination of In order to compute , I use the expressions of pro…ts and labor income as a proportion of domestic output, as well as the de…nitions in (27). All of them are in aggregate terms. Since the individual price is not used, but only the price indexes and I have assumed that …rms are atomistic, the optimal is not a¤ected by the nominal rigidities in the economy, when prices are set in the currency of the producer. For example, from 1



wt `t (h) =



pt (h) Yt (h) ;



the aggregate is wt



2 2 Go



Z



nt



`t (h) dh



=



nt wt `t (h)



=



1 1



to the appendix for details.
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Z



nt



pt (h) Yt (h) dh



YH;t PH;t :



pt+1 (h) PH;t+1



,



The same expression from the fully-‡exible price version applies, as happens with that of pro…ts.23 5.1.2



Production with Local Currency Pricing (LCP)



In this subsection, I show how fundamental equations change when prices are set on the local currency (i.e. on the currency of the market where the variety is consumed). However, the conclusions for the optimal portfolio allocation do not vary. In this case, …rms maximize, 2 3 pt+1 (h) (Lt+1 ct+1 (h) + nt+2 kt+1 (h)) + 1 5 wt+1 max Et Qt;t+1 4 e p Yt+1 (h) : 1 t+1 t+1 (h) Lt+1 ct+1 (h) + nt+2 kt+1 (h) pt+1 (h);p (h) t+1



AH;t+1



(38) When prices are set per market, …rms must su¤er from the uncertainty generated by the exchange rate volatility. The new f.o.c. yield the following optimal price setting, 1



Et



1



Yt+1 (h) 1



(CH;t+1 + nt+2 KH;t+1 )



AH;t+1



pt+1 (h) =



1



1



Et



and



t+1



1



Et



1



Yt+1 (h) 1



AH;t+1



pt+1 (h) =



1



(39)



(CH;t+1 + nt+2 KH;t+1 )



CH;t+1 + nt+2 KH;t+1



Et et+1 CH;t+1 + nt+2 KH;t+1



:



(40)



t+1



Notice that the price of variety h at home depends also on the part of the production e¤ectively used in the home country (Lt+1 CH;t+1 + nt+2 KH;t+1 ); and the price of the same variety h in the foreign country, on the part used in that foreign country (Lt+1 CH;t+1 + nt+2 KH;t+1 ),24 both for consumption and investment. Under this setup, equations (24) and (25) are no longer true. Here instead, t



(h) =



1



1 1



+ 1



pt (h) Vt +



et pt (h) Dt ;



2 3 However, this is true under the most simple example of price stickiness. If I introduce costs of adjustment, the parameter of the quadratic form may appear in a new expression of . 1



2 4 Under 1 et



‡exible prices would be: 1



1



1



t



YH;t



1



pt (h)



as it was in our model.



AH;t
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=



1



1



t



AH;t



YH;t



1



and pt+1 (h)



=



where Vt = ct (h) + nt+1 kt (h), Dt = ct (h) + nt+1 kt (h) and, symmetrically, Vt = ct (f ) + nt+1 kt (f ), Dt = ct (f ) + nt+1 kt (f ). Moreover, wt `t (h) =



1



1



pt (h) Vt +



et pt (h) Dt



and using the new expressions for (24) and (25) in the di¤erence of the budget constraints, 4C = where 4 = is,



t t



1



+ (1



1



2 ) 1



4



(1



2 )4|



) = pt (h) Vt + et pt Dt and t = pte(f Vt + pt (f ) Dt . Let’s de…ne t et t . Thus, the new equation for output absorption in the economy



4



= (2



1) 4 C + (2



1) 4 |:



Notice that 4 = 4U and, so, 4C is equal to that in the previous cases. Hence, the expression of is still true.
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Conclusions



I developed a stylized two-period two-country model with perfect risk sharing. The dynamic number of …rms and the international portfolio diversi…cation is endogenously determined. The model builds on Heathcote and Perri (2007)’s idea of the compatibility of the home bias in portfolio found in actual data and perfect risk sharing. The model presented here con…rms that an equilibrium exists where a homebiased and constant portfolio allocation is able to provide households with perfect risk sharing. It shows that terms of trade play an important role in neutralizing the e¤ects of country-speci…c shocks on relative consumption, as Cole and Obstfeld (1991) claimed. However, they are not able to o¤set the disturbances on investment. One needs to diversify assets to control for these. The main contributions of this analysis are the following: …rst, it highlights the need to distinguish between the preferences of demand on capital and those on consumption goods. It is the home-bias parameter in the Cobb-Douglas aggregator for capital demand that determines the level of diversi…cation. Second, I checked the role of the endogenous number of …rms or varieties in the determination of the portfolio allocation. I …nd that these two endogenous variables are completely independent when the economy has ‡exible determination of prices, i.e. in the long run horizon. Although it is beyond the scope of this paper, the study of a more general monetary authority response would be interesting. The presence of nominal rigidities in prices causes a negative correlation between labor income and dividends. After a positive shock on labor productivity, prices do not adjust. Hence, demand remains untouched and …rms release some labor force because they are
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able to produce the same within less hours of work. When the monetary authority imposes a monetary policy to replicate the ‡exible price allocation in equilibrium, the result for the optimal portfolio is still true, whatever the price regime applied to the economy. However, if a more general monetary policy is allowed, the optimal portfolio is not constant anymore. Instead, it is linked to the present discounted values of nominal labor income and nominal output. This chapter o¤ers a powerful framework to explore di¤erent dimensions of the world economy. With it, one is able to study the disturbances generated by shocks both on the productivity of production (AH , AF ) and on the productivity of creation (K, K ) and to analyze the role of the monetary policy in their stabilization. One can consider the di¤erences between PCP and LCP and observe the transmission of shocks in an environment with market dynamics. Finally, one can take into account and compare both the set-up with perfect risk sharing and the …nancial autarky version. The simulations of these alternative economies may provide extremely interesting results to go one step further in international macroeconomics research.
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7 7.1



Appendix The households’problem in the foreign country under fully ‡exible prices



Utility maximization max Et



t



t



Ct = Et



subject to the budget constraint,



h



ln



h



CH;t



1



i



CF;t



i `t (j) ;



(41)



nt+1 nZ t+1 Z 1 qt (h) dh + F;t+1 qt (f ) df + (42) Bt+1 + H;t+1 et +PH;t CH;t + PF;t CF;t = (43) Z nt Z nt 1 = t (h)dh + F;t t (f )df + wt `t (j) + (1 + it ) Bt+1 : et H;t



Symmetrically to those in the Home country, the …rst-order conditions are: wt



=



t



1 ! wt = Pt Ct ; Pt Ct



=



CH;t = (1 ct (h) = CH;t



)



pt (h) PH;t



1 = Pt Ct



Pt Ct Pt Ct ; CF;t = ; PH;t PF ;t



(1 + it ) Et



;



(46)



1 Pt+1 Ct+1



1 1 = Qt;t+1 et et+1



qF;t = Qt;t+1



(45)



pt (f ) PF;t



; ct (f ) = CF;t



qH;t = nt+1 qt (h)



(44)



H;t+1 ;



(47)



F;t+1 ;



(48)



where the welfare-based price index is symmetric to the domestic one: Pt = and Qt;t+1 = Et



PH;t



1



Pt Ct Pt+1 Ct+1



PF;t



= Et



(49)



t



:



(50)



t+1



This set-up implies that, for given home-currency prices of the varieties, pt (h) and pt (f ), the utility-based CPI, Pt is as de…ned by (14) in the text, whereas: 0 111 0n 111 nt Zt Z B C 1 1 ; PF;t = @ pt (f ) df A PH;t = @ pt (h) dhA : 23



7.2



The …rms’problem in the foreign country under fully ‡exible prices:



Creation The basket of capital goods necessary for the creation of a …rm in the Foreign country is Kt = KH;t



1



KF;t



:



Following the same process explained in the text for Home country, the optimal demands for capital are Foreign: KH;t = (1



)



Pk;t Kt Pk;t Kt ; KF;t = : PH;t PF;t



Foreign …rms choose the demand of each capital good, kt (h) and kt (f ), by solving the minimization problems presented in the text for home. Thus, ! ! pt (f ) pt (h) KH;t ; kt (f ) = KF;t kt (h) = PH;t PF;t and the price index for capital is, PK;t =



1



PH;t



PF;t



:



Production Home Once operative, …rms maximize pro…ts: max pt (h)Yt (h) pt (h)



wt `t (h) ;



(51)



subject to the technology restriction and demand. So, one can write, max pt (h) Lt ct (h) + nt+1 kt (h) + et Lt ct (h) + nt+1 kt (h) pt (h)



wt



Lt ct (h) + nt+1 kt (h) + et Lt ct (h) + nt+1 kt (h) AH;t



1



:



Home …rms choose the optimal price: pt (h) :



Yt (h) + pt (h)



1



@Yt (h) @pt (h)



wt @Yt (h) = 0: 1 @pt (h) A H;t



By substituting the optimal demands and deriving: (



pt (h) PH;t (



)



F + pt (h) (



1 wt 1



Yt (h)



1



1 pt



AH;t 24



)



pt (h) PH;t (



(h) PH;t



1)



F



1)



F = 0;



(52)



where F = Lt CH;t + nt+1 KH;t + et Lt CH;t + nt+1 KH;t . Thus, 1 1 wt Yt (h) 1 A1 H;t



pt (h) =



1



:



One may also write pt (h)



=



pt (h)



=



1 wt `t (h) 1 AH;t t



1



=



1



1



1



;



mgC:



Symmetrically, in the foreign country: As at home, …rms produce a di¤erentiated variety with an homogeneous technology which requires only labor: Yt (f ) = AF;t `t (f ) :



(53)



The state of the economy is fAH;t ; AF;t g : Firms choose the amount of labor which minimizes costs min wt `t (f ) : The optimal price is: pt (f ) =



7.3



1 wt 1



1 A F;t



1



1



=



1



t:



(54)



Stability Condition



In aggregate, Y = where



Yt (f )



=



1.



Z



1



n



n



dn



,



0



So, Y =n



1



:



In order to ensure stability, the …rst derivative of output with respect to the number of …rms should be positive and, the second, negative. Here, @Y 1 = @n



n



1



:



Which is positive for 1



1>
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:



This is always true, since the labor income share, Moreover, 1 1 1 @2Y = n @n2 | {z }| {z } >0



2 (0; 1) and



1



< 1.



2



¿sign?



Hence,



1






is needed. This is also always true, since 1



1



1



1






( + 1)



1 1



1



1







and and are both positive. The stability condition ensures the inexistence of increasing returns to scale in investment, which would make the model explosive..



7.4



Pro…ts Aggregation



Firm’s pro…ts are t



(h) = pt (h) yt (h)



wt `t (h) :



One can express them in terms of …rm’s revenue, t



(h) =



1



1



pt (h) yt (h) :



The price index and the aggregate output equations are needed in order to aggregate pro…ts over the n homogeneous …rms producing at home. These are, 1



PH;t = nt1



pt (h)



and Yt = nt



1



yt (h) :



The latter is due to the fact that the bundles of capital and consumption goods are structured equally and have the same elasticity of substitution and, consequently, …rm charges the same price to both consumers and new …rms buying its variety h. Using these two equations I …nd that, Znt



t



(h) dh =



1



1



Znt 0



0



26



pt (h) yt (h) dh



becomes H;t



=



1



1



nt



PH;t YH;t 1



H;t



=



1



1



1



nt



nt1



PH;t YH;t ;



where nt has cancelled out.



7.5



Allocation of …rms



The free entry conditions (FECs) provide us with a system of two di¤erence equations to solve for n and n . At Home, the FEC is, PK;t Kt = Et Qt;t+1



t+1



(h)



or PH;t KH;t + PF;t KF;t = Et Qt;t+1 Pt Ct Pt+1 Ct+1



PH;t KH;t + PF;t KF;t = Et = Et



Pt Ct Pt+1 Ct+1



1



1



t+1



(h)



1



1



pt+1 (h) Yt+1 (h)



pt+1 (h) Lt+1 ct+1 (h) + nt+2 kt+1 (h) + Lt+1 ct+1 (h) + nt+2 kt+1 (h) :



Use the optimal demands for the variety h. Substitute the expressions for prices p (h) Ct+1 (h) 1 in pPt+1 and Pt+1 .25 Cancel PC in PPt+1 . Get a common factor H;t+1 H;t+1 H;t+1 Multiply by nt+1 . And, …nally, let’s suppose that all shocks are iid. So one can write, 0 1 0 1 1 1 1 1 Y (h) Y (h) t A = Et @nt+2 KH;t+1 t+11 A: Et 1 @nt+1 KH;t 1 AH;t AH;t+1 Hence, 2
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that pt (h) = et pt (h), PH;t = nt1



1 = nt+1 .
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pt (h) and that PH;t = et PH;t . Hence,



1 3



nt+2 KH;t+1 5



and, symmetrically, 2 1 Yt (f ) 1 nt+1 4KF;t 1 AF;t 2
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7.6
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Derivation of the Terms of Trade



Terms of trade may also be derived in the following way: 1



nt1
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et PH;t n 1 p (h) = t 1 t = 1 PF;t nt 1 pt (f ) nt 1
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Arranging it, 1 wt T OTt = et wt



1
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nt nt



1



and, if



= 1 ! T OTH;t



wt AF;t = AH;t wt



nt nt



1 1



:



One can also derive TOT from the resource constraints. For symmetric countries and population equal to 1, CH;t + CH;t + nt+1 KH;t + nt+1 KH;t CF;t + CF;t + nt+1 KF;t + nt+1 KF;t



= YH;t ; = YF;t :



Plugging the optimal demands, one is able to write supply equals demand with the following expressions: Pt Ct + (1 PH;t (1



)



Pt Ct + nt+1 KH;t + nt+1 KH;t PH;t



= YH;t ;



Pt Ct Pt Ct + + nt+1 KF;t + nt+1 KF;t PF;t PF;t



= YF;t :



)



Rearranging by using (26), et Pt Ct + (1 et PH;t



)



Pt Ct + nt+1 KH;t + nt+1 KH;t = YH;t ; PH;t



Pt Ct = YH;t PH;t



nt+1 KH;t
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nt+1 KH;t :



1 3



nt+2 KF;t+1 5



By the same token, PC = YF;t PF



nt+1 KF;t



nt+1 KF;t :



Taking the ratio of the two equations above yields an expression for the terms of trade: 1 YF;t nt+1 KF;t nt+1 KF;t T OTH;t = : et YH;t nt+1 KH;t nt+1 KH;t



7.7 7.7.1



Nominal Rigidities in Prices PCP



Firms maximize, max Et Qt;t+1 [pt+1 (h)Yt+1 (h)



wt+1 `t+1 (h)] ;



pt+1 (h)



which yields the f.o.c. 2 pt+1 (h) Et Qt;t+1 4 PH;t+1 Et 0
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Substituting the de…nition of the discount factor, the expression for wages and keeping in mind that both pt+1 (h) and nt+1 are set at t and, hence, these go out of the expectations brackets: 0 1 1 1 ( 1) YH;t+1 Y Y (h) t+1 A: @ H;t+1 = 1 t Et t Et pt+1 (h) t+1 A H;t+1
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where t+1 = Pt+1 Ct+1 . Prices crucially depend on expected . An expected monetary expansion raises the price level and nominal spending. 29
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The same expression from the fully-‡exible price version applies, as happens with that of pro…ts. 7.7.2



LCP



New expressions for equations (24) and (25) in the text: t
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Using the previous equations in the budget constraints: Pt Ct
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Notice that 4 = 4U and, so, 4C is equal to the previous cases. Hence, the expression of is still true.



7.8 7.8.1



Nominal Rigidities with a General Monetary Policy Checking the ‡exible-price solution



1 , it is easy to see that the above equations If we set t = 0 and ZH PH = become identical to the case of the ‡ex-price economy:26



(1



2 ) 1



(1



2 ) 1



1 1



+ +



1



(1 (2 1 (1 = (2 =



2 ) ; 1) 2 ) : 1)



With solution: 1
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Some interesting cases: 2 6 Imposing



= 1 for simplicity in this section.
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(56) (57)



With no home bias, for solution.



= 1=2;



= 1=2. This is the perfect pooling



When goods become more and more substitute, lim The share coincides with Home bias.
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