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Motivation



The international policy analysis has been motivated by progressive cross-border integration of goods, factors, and assets markets. Global financial integration has posed challenges for the conduct of monetary policies and there are increasing calls for policy coordination in response to the global financial cycle1 . Among various important research questions, this paper aims at addressing the following question: how do the degree of exchange rate pass-through (Producer-Currency Pricing vs. Local-Currency Pricing) and imperfect risk sharing affect the effectiveness of optimal monetary policy? This study contributes to the literature on optimal policy under cooperation in micro-founded New Keynesian models by incorporating four important components. First, we model home bias in consumption2 as a primitive feature of the economic environment. The presence of a home bias is a fundamental characteristic of international trade data and the key factor generating endogenous real exchange rate fluctuations by inducing deviations from purchasing power parity. Second, this study deviates from unitary elasticity of intratemporal substitution between home-produced goods and foreign-produced goods. We evaluate its effect in the quantitative analysis as in De Paoli (2009a), Corsetti, Dedola, and Leduc (2011a), and Corsetti, Dedola, and Leduc (2011b). Third, we consider both producer-currency pricing and local-currency pricing. Empirical evidence points to the possibility of “pricing-to-market.” Exporting firms may price discriminate among markets and consumers in different countries may face different prices for identical goods.3 This environment brings about currency misalignments which monetary policy should target. Lastly, we introduce a state-contingent wedge in consumption that prevents the equalization of marginal utilities of asset returns between households in different economies as in Devereux and Yetman (2014a). Political, technological, or informational barriers may hinder trades between countries, leading to deviations from efficient risk sharing. We assess the quantitative implications of optimal monetary policy under different degrees of risk sharing. Under this stylized setting, we reexamine optimal monetary policy 1



See Rey (2015) Home bias in consumption indicates a larger weight on home-produced goods in aggregate consumption in comparison to foreign-produced goods. 3 See Burstein and Gopinath (2014), Engel (2011), and Engel (2014). 2



by introducing the failure of the law of one price and inefficient risk sharing to the analysis of open economies. The novelty of this paper is to analyze trade-offs among the goals of output gap and inflation stabilization, zero exchanger rate misalignments, and zero trade imbalances.
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The Model



The baseline framework closely follows Engel (2011) and Engel (2014). The only major change is to introduce inefficient risk sharing to the model through time-varying consumption wedges. These wedges look like consumption taxes. Figure 1 describes the structure of the model. There are two countries labeled by “Home” and “Foreign.” A continuum of households of unit mass reside in each country. Each household obtains utility from all goods produced in both countries and supplies a unique type of labor to firms located within its country. There are a continuum of differentiated tradable goods that each country specializes in. A monopolistic firm produces each brand and is indexed by f ∈ [0, 1] in the Home country and f ∗ ∈ [0, 1] in the Foreign country. Firms produce output using only labor. Firms may price their exports in terms of the domestic currency (i.e. PCP) or the local currency (i.e. LCP). In the subsequent sections, we characterize optimal monetary policy both in the case of PCP as well as in the case of LCP. We assume that households in both countries have access to a complete set of contingent claims. In what follows, prices and quantities in the Foreign country are marked with an asterisk.



2.1



Households



Both time and uncertainty are discrete. Information at time t about current and future conditions is indexed by the state ∇t . A state history ∇t = (∇0 , ∇1 , · · · , ∇t ) lists the states that have occurred up to a date t. We let Σt denote the countable set of all possible histories and let π(∇t ) denote the probability distribution over Σt with the argument ∇t ∈ Σt . A
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Figure 1: Model Structure representative household in the Home country maximizes



max



∞ X X t=0



∇t ∈Σt



" π(∇t ) · β t



(



[Ct (h)]1−σ [Nt (h)]1+φ − 1−σ 1+φ



)# with σ > 0 and φ ≥ 0



where an individual Home household is indexed by h ∈ [0, 1] and Nt (h) =



R1 0



Nt (h, f )df



denotes an aggregate of the labor services that the Home household provides for each of a
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continuum of Home firms. Ct (h) represents CES consumption baskets determined by



Ct (h) =



  1 ν  2 Z



(CHt (h))



1



CHt (h) =



CHt (h, f )



−1 



ξ−1 ξ



−1 ν  1 (CF t (h))  + 1− 2 ξ  ξ−1







  −1



df



0



Z



1 ∗



CF t (h, f )



CF t (h) =



ξ−1 ξ



df



∗



ξ  ξ−1



0



where  > 0 and ξ > 1. Each household puts a weight of



ν 2



on domestic goods and 1 −



ν 2







on imported goods, with 0 ≤ ν ≤ 2. When ν > 1, the preference is characterized by home bias in consumption and the model features endogenous real exchange rate fluctuations. This is feasible since the presence of home bias causes the equilibrium to deviate from purchasing power parity (PPP) even though the law of one price holds at the level of each individual good under flexible prices.  stands for the intratemporal elasticity of substitution between domestic aggregates CHt and imported aggregates CF t .4 ξ denotes the elasticity of substitution among Home and Foreign varieties.5 The Home household h’s flow budget constraint is given by X



(1 + τtc ) · Pt Ct (h) +



Z(∇t+1 |∇t )D(h, ∇t+1 ) = Wt (h)Nt (h) + D(h, ∇t ) + Γt + Tt .



∇t+1 ∈Σt+1



The consumer price index can be derived as Pt =



ν 2



1− · PHt + (1 − ν2 ) · PF1− t



1 1−



where the



price indices for domestic aggregates CHt and imported aggregates CF t are respectively de1 nR o 1−ξ nR o 1 1 1 1−ξ ∗ 1−ξ ∗ 1−ξ and PF t = 0 PF t (f ) df . Households supply rived as PHt = 0 PHt (f ) df their differentiated labor services Nt (h) and set wage rates Wt (h). Z(∇t+1 |∇t ) is the price of the claim which pays one unit of Home currency contingent upon the realization of the state ∇t+1 at time t + 1, conditional on the state ∇t at time t. D(h, ∇t ) denotes the nominal balance of state-contingent bonds. Households receive a share of aggregate profits Γt from 4



Let PHt and PF t represent the consumption-based price indices of domestic aggregates CHt and imported   CHt CF t  P ∂ log PHt Ft   C (h,f ∗ ) ∂ log CF t (h,f1∗ ) Ft 2   P (f ∗ ) ∂ log PF t (f1∗ ) Ft 2



aggregates CF t respectively. Then 5



Note that



∂











CHt (h,f1 ) C (h,f2 )  Ht  P (f ) log PHt (f1 ) Ht 2



∂ log



=



∂ log







= − holds. = −ξ holds.
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Home firms and lump-sum transfers Tt each period. One of our goals is to characterize optimal monetary policy under inefficient risk sharing. To this end, we make a special assumption on consumption expenditure in the Home country. We assume that there is a state-contingent wedge in the consumption expenditure, which is similar in spirit to that in the models of Devereux and Yetman (2014a), Devereux and Yetman (2014b), and Engel (2014). The state-contingent wedge is defined by



1+



τtc



 ≡



PHt CHt + PF t CF t ∗ ∗ PHt CHt + Et PHt CHt



 1−λ λ



where Et denotes the nominal exchange rate which is the Home currency price of one unit of the Foreign currency. If the parameter λ is one, then the wedge τtc is set to zero, which implies marginal utilities of security returns between households in the two economies are ∗ ∗ equalized.6 If the parameter λ is zero, then PF t CF t = Et PHt CHt must hold, which is the



condition of balanced trade. Note that when there is a trade deficit (surplus), that is, ∗ ∗ holds in the Home country, there is a positive tax (subsidy) on CHt PF t CF t > (


consumption expenditure. Foreign households have symmetric preferences and face an analogous budget constraint defined by Et Pt∗ Ct∗ (h∗ ) +



X



Z(∇t+1 |∇t )D∗ (h∗ , ∇t+1 ) = Et Wt∗ (h∗ )Nt∗ (h∗ ) + D∗ (h∗ , ∇t ) + Et Γ∗t + Et Tt∗



∇t+1 ∈Σt+1



in which the consumption basket is symmetrically given by Ct∗ (h∗ )



   1  −1   1 −1 ν  ∗ ∗ −1 ν ∗ ∗ = (CF t (h ))  + 1 − (CHt (h ))  . 2 2



From the first-order conditions with respect to state-contingent bonds, we can derive the 6 In order for the condition of efficient risk sharing to hold, we need two assumptions about the world economy at time 0: zero net bond supply and symmetrically efficient steady state. The assumption of financial autarky implies balanced trade: the value of Home exports must equal the value of Foreign exports. By combining the symmetric steady-state consumption allocation (i.e. C0 = C0∗ ) with the balanced-trade condition, we can show that purchasing power parity (PPP) is satisfied at time 0 even under the presence of the home bias. The condition of efficient risk sharing follows from the combination of euler equations of households in the two countries and the PPP condition at time 0.
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well-known risk sharing condition: 



Ct∗ Ct



−σ



1 Et Pt∗ · . Pt (1 + τtc )



=



Note that this condition exactly corresponds to the condition of efficient risk sharing when there is no wedge in consumption. Following Engel (2014), we define a measure of the degree of imperfect risk sharing as the cross-country demand imbalance Ft :  Ft ≡



Ct∗ Ct



−σ ·



Pt 1 = . ∗ Et · P t (1 + τtc )



Households are monopolistic suppliers of their differentiated labor services. We do not impose any rigidity in their wage setting. Labor demand from a Home firm f can be derived from the problem: Z Wt · Nt (f )



=



1



Wt (h) · Nt (h, f )dh,



min 0



Z



1



Nt (h, f )



s.t.



ηt −1 ηt



t  η η−1 t



≥ Nt (f ).



0



Thus total demand for the type-h labor in the Home country is Z Nt (h) = 0



1







Wt (h) Nt (h, f )df = Wt



−ηt Z 0



1







Wt (h) Nt (f )df = Wt



in which aggregate labor and wage index are defined as Nt ≡



R1 0



−ηt Nt



Nt (f )df and Wt ≡



nR



1 0



1−ηt



Wt (h)



A household h takes the aggregate labor demand as given and sets its wage rate. Therefore optimal labor-supply conditions for Home and Foreign households are given by (H) (F ) where µW t ≡ 7



1 ηt −1



 Wt (h) = 1 + µW · {Ct (h)}σ {Nt (h)}φ (1 + τtC ), t Pt  Wt∗ (h∗ ) ∗ = 1 + µW · {Ct∗ (h∗ )}σ {Nt∗ (h∗ )}φ t ∗ Pt



∗ and µW ≡ t



1 ηt∗ −1



denote time-varying mark-ups. Notice that we introduce



Since all households are identical, Wt = Wt (h) and Nt = Nt (h) hold for all h ∈ [0, 1].
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df



1 o 1−η



t



.7



time-varying cost-push shocks ηt and ηt∗ into our model. Therefore the monetary authority will face a trade-off between closing the output gap and stabilizing the inflation. Discussion of Wedge on Consumption Expenditure We take the wedge on consumption expenditure as a reasonable first pass at capturing frictions in trade among high-income advanced economies. Political, technological, or informational barriers may impede flows of trade and capital between countries. Policy makers may be concerned about global imbalances. For example, the loss of 3.6 million manufacturing jobs between 2000 and 2007 in the U.S. economy may be partly attributable to growing trade deficits in manufacturing products.8 Global imbalances can also worsen financial stability by encouraging leverage and risk taking through the decrease in interest rates as evidenced by the recent global financial crisis. Countries that accumulate too much debt may be forced to reduce expenditure to meet their debt obligations, which may exacerbate economic downturns. In our simple model, we incorporate consumption taxes in order to capture these kinds of the market incompleteness. The advantage of this approach is that consumption wedges give rise to deviations from efficient risk sharing without adding any additional state variables. We refrain from providing a theory of the market incompleteness which brings about trade imbalances in this context, but rather we model it as a primitive feature of our economic environment. Importantly, concerns about inefficient capital flows and trade imbalances are recurrent in the policy debate on business cycle stabilization.9 In our simple model, we focus on analyzing the effect of inefficient risk sharing on the optimal setting of monetary policy under firms’ different pricing strategy: PCP vs. LCP. 8



See Scott (2015) and Kehoe, Ruhl, and Steinberg (2013). Note that increases in net exports (the trade balance) expand the demand for domestically manufactured products, whereas increases in net imports (the trade deficit) reduce the demand for manufactured goods which are substitutable for foreign goods. Hence, total employment might fall as a country runs a goods trade deficit. This fact can call for the appropriate policy response. 9 For example, see Bernanke in the conference on Asia and the Global Financial Crisis, 2009, “To achieve more balanced and durable economic growth and to reduce the risks of financial instability, we must avoid ever-increasing and unsustainable imbalances in trade and capital flows.”
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2.2



Firms



Each monopolistic firm produces its unique type of tradable goods according to a linear technology Yt (f ) = At Nt (f ) where Nt (f ) denotes a CES composite of labor defined as Nt (f ) ≡



nR 1 0



Nt (h, f )



ηt −1 ηt



t o η η−1 t dh .



There are two sources of uncertainty in the model: the productivity shock At and the costpush shock ηt . A Home firm f ’s profit is given by ∗ ∗ Γt (f ) = PHt (f )CHt (f ) + Et PHt (f )CHt (f ) − (1 − τt )Wt Nt (f )



in which τt is a subsidy to the Home firm, which is necessary for the deterministic steady∗ (f ) are aggregate sales of the Home good in Home and state to be efficient. CHt (f ) and CHt ∗ Foreign, respectively.10 It follows that Yt (f ) = CHt (f ) + CHt (f ) by goods market clearing.



Analogously, aggregate sales CF∗ t (f ∗ ) and CF t (f ∗ ), output Yt∗ (f ∗ ), aggregate labor Nt∗ (f ∗ ), and profit Γ∗t (f ∗ ) are defined for the Foreign country with shocks A∗t and ηt∗ and with a subsidy τt∗ . Under flexible prices, firms’ optimality conditions are characterized by (H) (F )



ξ Wt · (1 − τt ) · , ξ−1 At ξ W∗ PF t (f ∗ ) = · (1 − τt∗ ) · ∗t . PF∗ t (f ∗ ) = Et ξ−1 At ∗ PHt (f ) = Et · PHt (f ) =



In the following subsections 2.2.1 and 2.2.2, we describe each firm’s problem when the firm sets export prices in either the currency of the producer (PCP) or consumers’ currency (LCP). 10



Aggregate sales of the Home good f in Home and Foreign are defined as CHt (f ) ≡ R1 ∗ ∗ CHt (f ) ≡ 0 CHt (h∗ , f )dh∗ .



R1 0



CHt (h, f )dh and
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2.2.1



Goods Pricing: Producer-Currency Pricing



o Under PCP, a firm f sets a single price PHt (f ) in its own country’s currency on a staggered



basis as in Calvo (1983). In each period, a firm can reoptimize its nominal price with a constant probability 1 − θ. The opportunity for reoptimizing prices is granted independently across firms and time. A firm f that can reset prices at time t solves



max



o (f ) {PHt }



s.t.



Et



∞ X



 o   ∗ θj Qt,t+j PHt (f ) CHt+j (f ) + CHt+j (f ) − (1 − τt+j ) · Wt+j Nt+j (f ) ,



j=0



    1 ∗  C (f ) + C (f ) N (f ) =  Ht+j t+j Ht+j At+j    o −ξ P (f ) CHt+j CHt+j (f ) = PHt Ht+j   −ξ   P o (f )/E  ∗ ∗  CHt+j (f ) = HtP ∗ t+j CHt+j Ht+j



where we define Qt,t+j ≡ β j







Ct+j Ct



−σ



Pt (1+τtc ) c ) Pt+j (1+τt+j



as the stochastic discount factor. The



optimality conditions for Home and Foreign producers can be derived as o PHt



o ΠH t



PFo∗t



o ∗ ΠF t



=



≡



ξ ξ−1



Et



hP ∞



W



ξ



t+j ∗ j CHt+j + CHt+j j=0 θ Qt,t+j (1 − τt+j ) At+j [PHt+j ] hP  i ∞ ξ ∗ j Et CHt+j + CHt+j j=0 θ Qt,t+j [PHt+j ]



i



1 " ξ−1 # 1−ξ o 1 − θ · ΠH PHt t = PHt 1−θ



Et



∗  ∗ ξ ∗ i Wt+j j ∗ ∗ P C + C θ Q (1 − τ ) ∗ F t+j t,t+j t+j At+j F t+j F t+j j=0  h iξ   P∞ j ∗ ∗ Et CF∗ t+j + CF t+j j=0 θ Qt,t+j PF t+j



hP ∞



=



ξ ξ−1



≡



" # 1  ∗ ξ−1 1−ξ 1 − θ · ΠF PFo∗t t = PF∗ t 1−θ



in which Q∗t,t+j ≡ β j



 C ∗ −σ t+j



Ct∗



Et Pt∗ 11 , ∗ Et+j Pt+j



ΠH t ≡



PHt PHt−1



and ΠFt ∗ ≡



PF∗ t . PF∗ t−1



Note that we



o suppress the index f in the optimized prices PHt and PFo∗t . This is so because the right-hand



side of the equilibrium condition does not contain any individual-level variable. We assume ∗ that the law of one price holds at the level of each individual good: PHt (f ) = Et · PHt (f ) and



PF t (f ∗ ) = Et · PF∗ t (f ∗ ). Hence it follows that the law of one price for the aggregate good also 11



In the equilibrium, Qt,t+j = Q∗t,t+j holds.
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holds.12 2.2.2



Goods Pricing: Local-Currency Pricing



Under LCP, monopolistic firms set nominal prices in currency units that are local to where the good is sold. As in the PCP case, a fraction θ of prices remain unchanged from the o o∗ previous period. A Home firm f chooses PHt (f ) and PHt (f ) by solving



max



Et



o (f ),P o∗ (f ) {PHt } Ht



∞ X



  o ∗ o∗ (f ) − (1 − τt+j ) · Wt+j Nt+j (f ) , (f )CHt+j (f )CHt+j (f ) + Et+j PHt θj Qt,t+j PHt



j=0



    1 ∗  N (f ) = C (f ) + C (f ) ,  t+j Ht+j Ht+j At+j    o −ξ P (f ) CHt+j , CHt+j (f ) = PHt Ht+j     −ξ  P o∗ (f )  ∗ ∗  CHt+j (f ) = PHt CHt+j . ∗



s.t.



Ht+j



Hence the first-order conditions for Home and Foreign producers are given by o PHt



=



o∗ PHt



=



o ΠH t



PFo∗t



=



PFo t



=



o ∗ ΠF t



12



≡



≡



i Wt+j ξ j [P ] (C ) θ Q (1 − τ ) Ht+j Ht+j t,t+j t+j j=0 At+j ξ i hP ∞ ξ ξ−1 j Et θ Q [P ] (C ) t,t+j Ht+j Ht+j j=0 hP i ξ ∗  W ∞ t+j ∗ j C E P θ Q (1 − τ ) t t,t+j t+j Ht+j Ht+j j=0 A ξ t+j  h iξ   P∞ j ξ−1 ∗ ∗ Et CHt+j j=0 θ Qt,t+j Et+j PHt+j Et



hP ∞



1 1 " " ξ−1 # 1−ξ ξ−1 # 1−ξ o o∗ o 1 − θ · ΠH∗ 1 − θ · ΠH PHt PHt t t H∗ = and Πt ≡ ∗ = PHt 1−θ PHt 1−θ



ξ ∗ i W∗  ∗ θj Q∗t,t+j (1 − τt+j ) A∗t+j PF∗ t+j CF t+j t+j  h iξ   P∞ j ∗ ∗ ∗ Et θ Q P C t,t+j F t+j F t+j j=0 hP i ∗ Wt+j ∞ ξ j ∗ ∗ E θ Q (1 − τ ) [P ] (C ) ∗ t F t+j F t+j t,t+j t+j j=0 A ξ t+j hP i ∞ ξ ξ−1 ∗ j θ Q Et (1/E ) [P ] (C ) t+j F t+j F t+j t,t+j j=0 ξ Et ξ−1



hP ∞



j=0



# 1 " # 1 "   F ξ−1 1−ξ ∗ ξ−1 1−ξ o o 1 − θ · Π 1 − θ · ΠF PFo∗t P t t Ft = and ΠF = t ≡ PF∗ t 1−θ PF t 1−θ



To see this, note that



∗ PHt



=



  R 1 PHt (f ) 1−ξ 0



Et



1  1−ξ



df



= PHt /Et . Analogously, PF t = Et · PF∗ t can be



shown.
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H∗ F∗ F in which Qt,t+j , Q∗t,t+j , ΠH t , Πt , Πt , and Πt are analogously defined as in the case of



PCP. Note that reoptimized prices for domestic demand and foreign demand are not equal o o∗ in general: PHt 6= PHt and PFo∗t 6= PFo t . Therefore the price index for Home aggregates in the



Home country does not equal the price index for Home aggregates in the Foreign country: ∗ PHt 6= Et · PHt .



2.3



Market Clearing and National Income Accounting



In our setting, the main departure from the previous literature is the imposition of statecontingent tax on consumption. Government budget constraints at Home and Foreign are given by (H)



τtc · Pt Ct = τt Wt Nt + Tt ,



(F )



0 = τt∗ Wt∗ Nt∗ + Tt∗ .



The Home government imposes tax on consumption and grants subsidies to Home firms. The government finances its fund by lump-sum taxes. Accordingly, aggregate resource constraints at Home and Foreign can be derived as (H)



PF t C F t +



X



∗ ∗ Z(∇t+1 |∇t )D(∇t+1 ) = Et · PHt CHt + D(∇t ),



∇t+1 ∈Σt+1 ∗ ∗ Et · PHt CHt +



(F )



X



Z(∇t+1 |∇t )D∗ (∇t+1 ) = PF t CF t + D∗ (∇t )



∇t+1 ∈Σt+1



where bond-market clearing implies D(∇t ) + D∗ (∇t ) = 0 for all t and all ∇t ∈ Σt . By using the property of homothetic preferences, we define aggregate demand Yt and Yt∗ as (H) (F )



  ∗ − −  ν  PHt ν PHt Ct + 1 − Ct∗ , Yt ≡ CHt + = ∗ 2 Pt 2 Pt  ∗ −  −   ν PF t ν PF t ∗ ∗ ∗ Yt ≡ CF t + CF t = Ct + 1 − Ct . 2 Pt∗ 2 Pt ∗ CHt
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Market clearing for labor and goods markets implies that



(H) (F )



R1



∗ [CHt (f ) + CHt (f )] df 1 ∗ ∗ = [CHt VHt + CHt VHt ], A A t t 0 R1 ∗ ∗ Z 1 [CF t (f ) + CF t (f ∗ )] df ∗ 1 ∗ ∗ ∗ ∗ 0 Nt (f )df = Nt = = ∗ [CF∗ t VF∗t + CF t VF t ] ∗ At At 0



Z



Nt =



1



Nt (f )df =



0



i R 1 h PF∗ t (f ∗ ) i−ξ ∗ R 1 h (f ) i−ξ R 1 h PHt ∗ (f ) −ξ ∗ ∗ in which VHt ≡ 0 PHt df , V ≡ df , and VF t ≡ df , V ≡ ∗ Ft Ht PHt PHt PF∗ t 0 0 h i R 1 PF t (f ∗ ) −ξ ∗ R1 R1 df . Note that Yt 6= 0 Yt (f )df and Yt∗ 6= 0 Yt∗ (f ∗ )df ∗ in general. PF t 0 Finally, following Engel (2011), we define terms of trade St and St∗ , currency misalignment Mt , and export premium Zt as P∗ PF t and St∗ ≡ Ht PHt PF∗ t   12  1 ∗ Et PHt Et PF∗ t 2 ≡ · PHt PF t 1 " Et P ∗ # 2



St ≡ Mt



Ht



Zt ≡



PHt Et PF∗ t PF t



1



= [St · St∗ ] 2



where terms of trade represent the price of foreign goods in terms of home goods; currency misalignment is a measure of the average discrepancy in consumer prices between the two countries; and export premium measures the relative difference between price misalignment of Home goods and that of Foreign goods.13 The details of total equilibrium conditions are relegated to Appendix A.
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Log-Linearized Model



In this section, we present a summary of the model’s equilibrium conditions in log-deviations from the efficient nonstochastic steady state. We express the equilibrium as a local linear approximation in the case of small enough stochastic disturbances. As noted in Section 2.2, In log-linearized model, we will define relative and world values for any variables xt and x∗t . Notice that currency misalignment is the world value of price misalignment and export premium is the relative value of E P∗ E P∗ price misalignment. By price misalignment, we mean Pt HtHt for Home goods and Pt FFt t for Foreign goods. 13



12



we assume that the fiscal authority provides subsidies for firms, which correct steady-state markup distortions and make the nonstochastic steady state efficient. A full description of the globally efficient steady state can be found in Appendix C and Appendix D contains the full derivation of the log-linearized model. Although notations and equations are almost identical to Engel (2011) and Engel (2014), we reproduce linearized equilibrium conditions to highlight the effect of consumption tax. In what follows, lowercase letters refer to the deviation of the log of the corresponding uppercase letters around the log of the steady state. As is standard in the Open-Economy New Keynesian framework, the system of equilibrium conditions consists of four components: aggregate demand, conditions implied by the financial market structure, aggregate supply represented by inflation adjustment, and monetary policy. Since we focus on targeting rules, not instrument rules, conditions from optimal monetary policy will be augmented in the subsequent section. Before proceeding, we first specify terms of trade and currency misalignment in log-linear form. We prove that the log-linearized export premium zt is zero in LCP even under our environment featuring inefficient risk sharing in Appendix E. This is so despite of the fact that Home and Foreign Phillips curves in our model differ from those in the model of Engel (2011) where risk sharing is perfect. By using zt = 0, currency misalignment mt and terms of trade st and s∗t can be derived as et + p∗Ht − pHt + et + p∗F t − pF t = et + p∗Ht − pHt = et + p∗F t − pF t , 2 ∗ ≡ pF t − pHt = pF t − p∗Ht = −s∗t ,



mt ≡ st



where s∗t ≡ p∗Ht − p∗F t . Equations for aggregate demand involve the representative household’s Euler condition and the cost-minimizing condition for CES composite comsumption, given by (H)



(F )



  ν ∗ ν ν ct + 1 − ct + ν 1 − st 2 2 2 it = σ · (Et ct+1 − ct ) + Et πt+1 − Et ft+1 + ft  ν ∗  ν ν ∗ ct − ν 1 − st y t = ct + 1 − 2 2 2  ∗ i∗t = σ · Et c∗t+1 − c∗t + Et πt+1 yt =



13



∗ where we define Yt ≡ CHt +CHt and Yt∗ ≡ CF∗ t +CF t . πt and πt∗ are CPI inflation rates defined  ∗      ∗ P t = ν2 · πHt + 1 − ν2 · πF t and πt∗ ≡ log P ∗t . = ν2 · πF∗ t + 1 − ν2 · πHt as πt ≡ log PPt−1 t−1



Observe that demand imbalance term ft shows up in the Euler equation for the Home household. Consumption tax affects the shadow value of the Home household’s wealth and so the household makes its intertemporal decision by forming expectation on the change in demand imbalance, Et ft+1 − ft . Due to this wedge, the Home nominal interest rate is determined by expected inflation (Et πt+1 ), expected change in consumption (Et ct+1 − ct ), and expected change in demand imbalance (Et ft+1 − ft ).14 Conditions from the financial market can be represented by σ(ct − c∗t ) = mt + ft + (ν − 1)st 2(1 − λ)(2 − ν) [σ(ν − 1) + 1 − ν] R (1 − λ)(2 − ν) [1 + ν( − 1) − D] ft = − · yt + · mt (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD where we define D ≡ (ν − 1)2 + σν(2 − ν) and ytR ≡



yt −yt∗ . 2



Our augmentation of demand



imbalance ft to the characterization of optimal cooperative monetary policy is the key departure from the previous analysis. Note that the financial market condition for efficient risk sharing is given by simpler expression: σ(ct − c∗t ) = (ν − 1)st . Currency misalignment mt is added to this condition since identical goods might be sold at different prices in different countries under sticky prices and LCP. Demand imbalance ft also creates an additional wedge in the risk-sharing condition since the consumption tax distorts the Home household’s subjective valuation on a unit of Home currency and the stochastic discount factor.15 In the case of λ 6= 1, ft is positive when Home country runs a trade surplus and negative when it runs a trade deficit.16 14



Notice that equations for aggregate demand do not impose any constraint on the monetary authority as long as there are no restrictions on the nominal interest rate, e.g. a zero lower bound. Given optimal choices for the output gap, inflation, currency misalignment, and demand imbalance, the Euler condition simply determines the setting for the nominal interest rate necessary to achieve the desired value of ct , πt , and ft .  − 1−λ λ PHt CHt +PF t CF t 1 15 = . The log-linearized demand imbalance ft approximates the term Ft = (1+τ c ∗ C∗ PHt CHt +Et PHt t) Ht 16 c τt acts as a subsidy when Home runs a trade surplus and it acts as a tax when Home runs a trade deficit.
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Households’ labor supply decision and labor market clearing imply · st + 1δ ut − ft and yt = at + nt  = σc∗t + φn∗t + 1 − ν2 · s∗t + 1δ u∗t and yt∗ = a∗t + n∗t



(H) wt − pHt = σct + φnt + 1 − (F ) wt∗ − p∗F t where δ ≡



(1−θ)(1−βθ) , θ



ν 2







h  ∗    i  ∗ i h  ηt η ηt ∗ ut ≡ δ· log ηt −1 − log η−1 , and ut ≡ δ· log η∗ −1 − log η∗η−1 . t



Demand imbalance ft imposes additional wedge on the Home labor supply besides the timevarying cost-push shock ut . In turn, we can obtain a log-linearized New Keynesian Phillips curve for an open economy under PCP and LCP: [P CP ] (H) πHt = δ · [wt − pHt − at ] + βEt πHt+1 (F ) πF∗ t = δ · [wt∗ − p∗F t − a∗t ] + βEt πF∗ t+1 [LCP ] (H) πHt = δ · [wt − pHt − at ] + βEt πHt+1 πF t = δ · [wt∗ − p∗F t + mt − zt − a∗t ] + βEt πF t+1 (F ) πF∗ t = δ · [wt∗ − p∗F t − a∗t ] + βEt πF∗ t+1 ∗ ∗ = δ · [wt − pHt − mt − zt − at ] + βEt πHt+1 πHt



By substituting out wt − pHt , wt∗ − p∗F t , at , and a∗t , we can derive the Phillips curve which depends on a measure of the gap between actual output and efficient output, currency misalignment, demand imbalance, and cost-push shocks. The presence of cost-push shocks, pricing-to-market, and inefficient risk sharing gives rise to a tension among the goals of output stabilization, zero inflation, zero exchange rate misalignments, and zero demand imbalance. The policymaker seeks to find the optimal state-contingent evolution of output gap, inflation, currency misalignment and demand imbalance to balance the four goals, neither of which can be given absolute priority.



4



Optimal Monetary Policy



What are the appropriate objectives of the monetary authority in open economies? Engel (2011) shows that policy analysis under open economies should involve currency misalignment as well as output and inflation under LCP. Our framework extends this implication
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further by incorporating imperfect risk sharing; that is, the optimal policy must also stabilize inefficient fluctuations from demand imbalance. In this section, we characterize optimal cooperative monetary policy that maximizes a equally weighted average of the utilities of Home and Foreign households. Our approach is to use a linear quadratic approximate problem which is represented by a quadratic objective and linear constraints. For analytical simplicity, monopolistic distortions are offset by appropriately chosen subsidies.17 Therefore the targeting rule that closes the system of equilibrium conditions is a local linear approximation to the actual nonlinear optimal policy.18 This approach has the appeal that the analytical representation of the policy derived from a microfounded model is similar to the one used in the traditional framework on monetary policy evaluation. It is worth emphasizing that the targeting rule adopted here is optimal from a “timeless perspective”, which was coined by Woodford (1999). Therefore although we do not explicitly illustrate initial pre-commitments regarding target variables at time zero that are self-consistent, our optimal policy problem is implicitly constrained by the additional constraint which renders the policy time-consistent.19 It is convenient to define relative and world values for any variables xt and x∗t as xR t ≡ xt −x∗t 2



and xW t =



xt +x∗t . 2



Log-linearized equilibrium conditions in terms of relative and world



values are presented in Appendix D.2. As noted in Section 2.3, export premium and currency misalignment can be viewed as relative and world values of price misalignments: et +p∗Ht −pHt for Home goods and et + p∗F t − pF t for Foreign goods. Expressions and derivations for the 17



Our approach for characterizing optimal monetary policy is based on a quadratic approximation to utility and a linear approximation to structural equations of the model. As is well explained in Chapter 6.1 of Woodford (2003), this approach is valid as long as: (i) structural shocks are small enough, (ii) in the absence of disturbances, approximated policies produce values that are close enough to the allocation around which Taylor-series expansions are taken, (iii) distortions are small enough. For the condition (ii), a long-run average inflation rate is small enough in our model. Regarding the condition (iii), we offset the market power of monopolists through the imposition of government subsidies. See Appendix C for the details of the efficient steady state. For a LQ problem in which conditions (ii) and (iii) are relaxed, see Benigno and Woodford (2005) and Benigno and Woodford (2012) for theoretical foundation and see Benigno and Benigno (2006) and De Paoli (2009a) for the application to open economies. 18 For the criticism of this approach, see Judd (1996) and Judd (1998). 19 That is, our solution to optimal monetary policy in time t is consistent with the continuation of the optimal state-contingent plan that would have been chosen in time 0. A thorough discussion of commitments in sequential policy decisions can be found in Chapter 2 of Woodford (2011).
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period-by-period loss function are exactly the same as in Engel (2014). Loss functions for the PCP and LCP model are given by (P CP ) Ψt



(LCP ) Ψt



 2 2 ν(2 − ν) 2 + φ y˜tR + (σ + φ) y˜tW + ft ∝ D 4D  ξ 2 + · πHt + πF2 ∗ t , 2δ σ  2 ν(2 − ν) 2 ∝ + φ y˜tR + (σ + φ) y˜tW + (mt + ft )2 D 4D   ν 2 ν ν 2  ξ ν 2 πHt + 1 − πH ∗ t + πF2 ∗ t + 1 − π . + · 2δ 2 2 2 2 Ft σ



We leave the details of the derivation to Appendix G.



4.1



The PCP Model



Firstly, we characterize optimal targeting rules under PCP and inefficient risk sharing. Due to the law of one price under PCP, there is no currency misalignment: mt = 0. For analytical convenience, we define the relative and world inflation rates as πtR πtW



   πHt − πF∗ t σ 1 D−ν+1 R R ≡ =δ + φ y˜t + ft − ft + βEt πt+1 + uR t , 2 D 2D 2   1 πHt + πF∗ t W W = δ (σ + φ)˜ yt − ft + βEt πt+1 + uW ≡ t . 2 2



Then the cooperative monetary authority chooses output gap, inflation, and demand imbal  ance y˜tR , y˜tW , πtR , πtW , ft by solving the constrained minimization problem: min



E0



∞ X



β t Ψt



t=0



s.t.



(γtR ) (γtW ) (γtf )



 2 2 ν(2 − ν) 2 + φ y˜tR + (σ + φ) y˜tW + (ft ) D 4D 2  ξ  R 2 + · πt + πtW  δ   σ D−ν+1 1 R R R πt = δ + φ y˜t + ft − ft + βEt πt+1 + uR t D 2D 2   1 W πtW = δ (σ + φ)˜ ytW − ft + βEt πt+1 + uW t 2  ft = −Ξ1 · y˜tR + y R t Ψt ∝



σ
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o n 2(1−λ)(2−ν)[σ(ν−1)+1−ν] where the constant Ξ1 is defined as Ξ1 ≡ (1−λ)(2−ν)[1+ν(−1)]−2λD and γtR , γtW , γtf are the Lagrange multipliers associated with the constraints. The first-order conditions are easily seen to be ∂ y˜tW







∂πtW







∂ y˜tR







(∂ft ) ∂πtR







2(σ + φ) · y˜tW − γtW · δ(σ + φ) = 0, 2ξ W W π + γtW − γt−1 = 0, δ t   σ σ 2 + φ y˜tR − γtR · δ + φ + γtf · Ξ1 = 0, D D ν(2 − ν) δ R δ(ν − 1) ft + γt · + γtW · + γtf = 0, 2D 2D 2 2ξ R R R π + γt − γt−1 = 0. δ t



By substituting for all Lagrange multipliers, time-invariant linear target criteria linking  R W R W y˜t , y˜t , πt , πt , ft reduce to W , 0 = ξπtW + y˜tW − y˜t−1  σ+φD R 0 = ξπtR + y˜tR − y˜t−1 · σ+φD+ 1 Ξ (ν−1) 2 1  Ξ 1 W − y˜tW − y˜t−1 · 2 σ+φD+ 11DΞ1 (ν−1) 2



− (ft − ft−1 ) ·



Ξ1 ν(2−ν) 1 . 4 σ+φD+ 12 Ξ1 (ν−1)



Since the model’s constraints are purely forward-looking20 , each targeting rule is necessarily purely backward-looking; that is, it involves a simple relation between current and past values of the target variables. Given the policymaker’s optimal choices for the output gap, inflation and demand imbalance, aggregate demand from the Euler condition simply determines the setting for the nominal interest rates, it and i∗t , necessary to achieve the desired values of target variables. For that reason, we can treat output gap and demand imbalance as if they were the policy instruments in the optimization problem. 20



Past states have no consequences for the set of possible forward paths of the target variables that affect the loss function.
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4.2



The LCP Model



Following Engel (2011), we can define relative and world inflation rates and the first difference of terms of trade as πt = ν2 πHt + 1 − πtR ≡



ν 2







and πt∗ = ν2 πF∗ t + 1 −



πF t



πt −πt∗ 2



and πtW ≡



ν 2







∗ πHt ,



πt +πt∗ , 2



∆st ≡ st − st−1 = πF t − πHt . Here, note that relative and world inflation rates under LCP are defined by using CPI inflation unlike the case of the PCP model where relative and world inflation rates are derived ∗ }, global measures of inflation and from PPI inflation. By substituting for {πHt , πF t , πF∗ t , πHt terms of trade can be written in the form



 σ







 D−ν+1 ν−1 D − (ν − 1)2 R + (ν − 1)ft − ft + mt + βEt πt+1 + (ν − 1)uR t , 2D 2 2D



πtR



= δ



πtW



δ W + uW = δ(σ + φ)˜ ytW − ft + βEt πt+1 t , 2   = −δ st − st + 2φ˜ ytR + βEt [∆st+1 ] − 2uR t ,



∆st



where st =



D



1)˜ ytR



+ φ (ν −



2σ(1+φ) R a σ+φD t



and s˜t ≡ st − st =



2σ R y˜ D t



−



ν−1 (mt D



+ ft ). It is worth noting that if



the inverse of the labor-supply elasticity is zero, φ = 0, then the dynamics of terms of trade, st , becomes autonomous and it does not show up as a choice variable in characterizing the optimal monetary policy. In the general setup, the goal of policy is to minimize a discounted  loss function by picking y˜tR , y˜tW , πtR , πtW , st , mt , ft : min



E0



∞ X



β t Ψt



t=0



s.t.



(γtR ) (γtW ) (γts ) (γt ) (γtf )



 2 2 ν(2 − ν) 2 + φ y˜tR + (σ + φ) y˜tW + (mt + ft ) D  4D  2 2 ν(2 − ν) ξ 2 + · πtR + πtW + (∆st ) δ 4    2 σ (ν − 1) D − (ν − 1)2 R πtR = δ + φ (ν − 1)˜ ytR − ft + mt + βEt πt+1 + (ν − 1)uR t D 2D 2D δ W πtW = δ(σ + φ)˜ ytW − ft + βEt πt+1 + uW t 2   R ∆st = −δ st − st + 2φ˜ yt + βEt [∆st+1 ] − 2uR t 2σ R ν − 1 st = st + y˜ − (mt + ft ) D t D  ft = −Ξ1 · y˜tR + y R t + Ξ 2 · mt Ψt ∝



σ
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2(1−λ)(2−ν)[σ(ν−1)+1−ν] (1−λ)(2−ν)[1+ν(−1)−D] where constants are given by Ξ1 ≡ (1−λ)(2−ν)[1+ν(−1)]−2λD and Ξ2 ≡ (1−λ)(2−ν)[1+ν(−1)]−2λD . n o γtR , γtW , γts , γt , γtf are the relevant Lagrange multipliers. Differentiation of the Lagrangian



then yields first-order conditions: ∂ y˜tW







∂πtW







∂ y˜tR







(∂mt ) (∂st ) (∂ft ) ∂πtR







δ W · γ = 0, 2 t δ W δ = 0, ξπtW + · γtW − · γt−1 2 2 δ(σ + φD)(ν − 1) 2σ 2(σ + φD) R · y˜t − γtR · + γts · 2δφ − γt · + γtf · Ξ1 = 0, D D D   δ D − (ν − 1)2 ν(2 − ν) ν−1 (mt + ft ) − γtR · + γt · − γtf · Ξ2 = 0, 2D 2D D  s  ξ ν(2 − ν) s · {(1 + β)st − st−1 − β · Et [st+1 ]} + γts · (1 + β + δ) − βEt γt+1 − γt−1 + γt = 0, δ 2 δ(ν − 1)2 δ ν−1 ν(2 − ν) (mt + ft ) + γtR · + γtW · + γt · + γtf = 0, 2D 2D 2 D δ δ R ξπtR + γtR − γt−1 = 0, 2 2 y˜tW −



which can be simplified to W 0 = ξπtW + y˜tW − y˜t−1 ,  R 0 = ξπtR + y˜tR − y˜t−1 ·



1 Ω3



·



2(σ+φD) 2σ+(ν−1)·Ξ1



Ω2 + (mt − mt−1 + ft − ft−1 ) · Ω 3  1 2Dδφ s s + γt − γt−1 · Ω3 · 2σ+(ν−1)·Ξ1  D·Ω W + y˜tW − y˜t−1 · Ω3 4 ,



0 =



where Ω1 ≡ 2(ν−1)·φD , 2σ+(ν−1)·Ξ1



ξ δ



·



ν(2−ν) 2



· {(1 + β) · st − st−1 − βEt [st+1 ]}      s  4Dφ s 1 · − βEt γt+1 + (γts ) · 1 + β + δ + −Ω − γt−1 Ω3 2σ+(ν−1)·Ξ1    2(σ+φD) 1 + y˜tR · −Ω · 2δ · 2σ+(ν−1)·Ξ Ω3 h  1 i −ν(2−ν) 2Ω2 1 + (mt + ft ) · 2(ν−1) + −Ω · Ω3 δ   i  2  h −DδΞ −Ω1 W 2 + y˜t · δ · 2(ν−1)(1+Ξ2 ) + Ω3 · D · Ω4 ,



δ [(ν−1)2 ·(1+Ξ2 )−D] , 2(ν−1)(1+Ξ2 )



and Ω4 ≡



Ω2 ≡



Ξ2 (ν−1)(1+Ξ2 )



−







ν(2−ν) 2



   2σ · (ν−1)(2σ+(ν−1)·Ξ1 ) , Ω3 ≡



Ξ1 . 2σ+(ν−1)·Ξ1



D (ν−1)(1+Ξ2 )



+



Since the lagged terms of trade st−1 en-



ter the structural equations, the target criterion involves forecasts for the terms of trade as well as the Lagrange multiplier corresponding to the dynamics of terms of trade: Et [st+1 ]  s  and Et γt+1 . 20



If we restrict the utility to be quasi-linear in labor by setting φ to zero, then the terms of trade evolve independently of policy choices and relatively simple expression for the targeting rules emerges as follows: W 0 = ξπtW + y˜tW − y˜t−1 ,  2σ(ν−1)(1+Ξ2 ) R 0 = ξπtR + y˜tR − y˜t−1 · D(2σ+(ν−1)·Ξ1 )  2 −(ν−1)·Ξ1 W · 2σ·Ξ + y˜tW − y˜t−1 2σ+(ν−1)·Ξ1



+ (mt − mt−1 + ft − ft−1 ) ·



5



σ(1+Ξ2 )ν(2−ν) . D·(2σ+(ν−1)·Ξ1 )



Numerical Results



Our question is how effective the optimal monetary policy is when there is pricing-to-market and inefficient risk-sharing. To this end, we incorporate different degrees of exchange rate pass-through and different degrees of risk sharing to the model. Table 1 shows the parameter specification for the quantitative analysis. Different degrees of exchange rate pass-through are captured by the setting of PCP or LCP and different degrees of risk sharing are represented by changing λ, the size of distortions from consumption tax. We also vary , the trade elasticity between Home and Foreign goods to analyze the sensitivity of the allocation under optimal monetary policy. Since the presence of pricing-to-market and consumption tax creates a new dimension to policy trade-offs deviating from a purely inward looking policy21 , we abstract from a time-varying markup charged by workers. The productivity is modeled as the standard autoregressive technology shock with one lag. In line with most of the international business cycle literature, we assume that the productivity process is quite persistent and set the serial correlation to 0.95. The size of the shock is normalized to 0.01. For the values of the other parameters, we follow Engel (2014). Subsection 5.1 will show that the accuracy of the log-linearized allocation under optimal monetary policy deteriorates as the trade elasticity  rises more than one. Since we are interested in the ranking of different monetary regimes: optimal monetary policy under PCP(LCP) vs. strict inflation targeting, the trade elasticity is confined to be in the range 21



By a “purely inward looking” policy, we mean the goal of that policy is only twofold as in the closed economy: inflation stabilization and output-gap stabilization.
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from 0.5 to 1.5. In what follows, we particularly consider two cases:  = 0.5 and  = 1.3 to conduct numerical evaluation of optimal monetary policy under inefficient risk sharing.22 Table 1: Parameterization Parameter



Description



Value



β σ φ ν θ ξ



Households’ discount rate Relative risk aversion Frisch labor elasticity Home bias parameter Calvo pricing friction parameter Elasticity of substitution between varieties



0.9900 2.0000 0.0000 1.5000 0.7500 6.0000



 λ



Elasticity of substitution between Home and Foreign Goods Degree of distortion from consumption tax



ρA ρ∗A σA ∗ σA



5.1



Persistence of Home productivity shock Persistence of Foreign productivity shock Size of Home productivity shock Size of Foreign productivity shock



0.5 or 1.3 [0.00, 1.00] 0.9500 0.9500 0.0100 0.0100



On the Accuracy of Linear-Quadratic Approximation



We first examine how accurate the log-linearized solution of optimal monetary policy is under different values for the elasticity of substitution between Home and Foreign goods. In Section 4, we derived a quadratic approximation of the measure of global welfare and characterized the optimal monetary policy by minimizing the loss function subject to loglinearized equilibrium conditions. In the current section, we will show that the accuracy of that approach depends critically on the value of , the degree of substitutability or complementarity between Home and Foreign goods. For this to be shown, we will compare the allocation under the optimal targeting rules to the global nonlinear solution when the model features PCP, efficient risk sharing, and no cost-push shocks.23 It is well known that the loglinearized optimal targeting criteria exactly replicate the log-linearized efficient allocations under that model environment. Since the two solution methods approximate or replicate the same efficient allocations described in Appendix B, this analysis allows us to evaluate how the accuracy of log-linearized allocations depends on the structural parameters. 22



Since the approximation error under  = 1.5 is relatively large compared to the case of  ≤ 1, we pick up a conservative value  = 1.3 for the case of trade elasticity greater than one. 23 When λ = 1, there is no tax on consumption and thus risk sharing is perfect.
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We assess the accuracy by computing the welfare cost of a particular monetary regime relative to the globally efficient steady state which is characterized in Appendix C. First we derive a second order approximation to the world welfare as follows: 1−σ



W(st−1 , zt )



= ≈



1+φ



C(st−1 , zt )1−σ + C ∗ (st−1 , zt ) N (st−1 , zt )1+φ + N ∗ (st−1 , zt ) − + β · Et [W(st , zt+1 )] 1−σ 1+φ ΥW,0 ΥW,1 ΥW,2 W+ + Cst−1 + Dzt + (st−1 ⊗ st−1 ) + (zt ⊗ zt ) + ΥW,3 (st−1 ⊗ zt ) 2 2 2



where st and zt stand for relevant endogenous and exogenous state vectors. W denotes the steady state value of the world welfare and {C, D, ΥW,0 , ΥW,1 , ΥW,2 , ΥW,3 } represent approximation coefficients. Conditioning on the efficient steady state24 , we compute the conditional welfare by W0 = W +



ΥW,0 25 . 2



Then we define welfare costs, λC as the fraction of



the steady-state consumption which households in both countries would be willing to forgo to be as well off under some particular monetary regime as under the steady state, given by E0



∞ X



"



( β



)# 1+φ + (Nt∗ ) − 1+φ    1−σ  ∗ 1−σ 1+φ  ∗ 1+φ   1 − λC C N + 1 − λC C + N  −   1−σ 1+φ 



t



t=0



   ∞  X  t β   t=0



=



∗



(Ct )



1−σ



1−σ



+ (Ct∗ ) 1−σ



(Nt )



1+φ



∗



where C = C = N = N = 1 holds. Figure 2 plots welfare costs and standard deviations of demand imbalance, currency misalignment, output gap, PPI inflation and CPI inflation. The Figure 2 extends the findings of Engel (2011) by varying , the trade elasticity.26 We compare two monetary regimes under different degrees of exchange rate pass-through: optimal monetary policy under PCP(LCP) and strict inflation targeting. The idea of strict inflation targeting is that the central bank may focus on inflation stabilization only and hence PPI and CPI inflation rates are zero. Since there are no markup shocks and risk sharing is perfect, strict inflation targeting attains the first-best outcome. The same conclusion as in Engel (2011) is carried over to the model which deviates from 24



Note that Home productivity and Foreign productivity are normalized to one in the steady state. The reader can refer to Schmitt-Groh´e and Uribe (2004), Schmitt-Groh´e and Uribe (2007) and Faia and Monacelli (2007) for the derivation of the second-order approximation to the conditional welfare. 26 Engel (2011) only analyzes the case of unitary trade elasticity. Corsetti, Dedola, and Leduc (2011b) and Engel (2014) extend Engel (2011) by deviating from the unitary trade elasticity. Our work is different from Corsetti, Dedola, and Leduc (2011b) and Engel (2014) in two aspects. One is that we analyze the accuracy of the solution and find a new puzzle. The other is that we numerically assess the importance of market incompleteness induced by consumption tax. 25
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unitary trade elasticity. First, because we focus on the case of efficient risk sharing in this subsection, the volatility of demand imbalance is zero for all monetary regimes and for all values of . Second, optimal policy under PCP exactly replicates the same “real” allocation under flexible prices which is denoted by “INF TGT.” Consumption and labor are the same in both regimes and hence households under PCP are as well off as those who are under the flexible-price equilibrium. Actual output is always equalized to efficient output but CPI inflation is volatile because the central bank under PCP only targets PPI inflation. Third, optimal monetary policy under LCP cannot achieve the first-best outcome. The gap between actual output and efficient output is volatile and its standard deviation gets larger as the trade elasticity,  increases. The volatility of currency misalignments is anchored at about 0.8% for all values of , which indicates households in Home and Foreign pay different prices for an identical good and such relative price dispersion reduces the welfare through labor misallocation.27 From discussions so far, we can conclude that optimal policy under PCP and strict inflation targeting achieve the first-best outcome and the allocation of optimal policy under LCP should be inferior to strict inflation targeting in terms of welfare.28 However the figure regarding welfare costs poses a puzzle in that the ranking of policy regimes stands in sharp contrast with the aforementioned reasoning when the degree of substitutability is large. When  is less than about the value 1.6, the ranking is compatible with our reasoning. However for the values of  greater than 1.6, the welfare costs of optimal policy under LCP is smaller than those of first-order log-linearized efficient allocation.29 This implies that loglinearized optimal monetary policy under LCP produces an allocation superior to the loglinearized first-best outcome, which is contradictory to the word, the “first-best” outcome. We conjecture that this result can be rationalized only by first-order approximation errors.30 Figure 3 compares welfare costs under the first-order approximated solution with those 27



By labor misallocation, we mean that the marginal rate of substitution of Home(Foreign) labor with respect to the Home(Foreign) good is not equal to the marginal product of Home(Foreign) labor which corresponds to Home(Foreign) productivity. 28 Note that this statement is true only when risk sharing is perfect by λ = 1. 29 The log-linearized first-best allocation is characterized in Appendix D.3. 30 We prove that the allocation under flexible prices, optimal subsidies and efficient risk sharing is Paretooptimal in Appendix B and hence the approximation error must be the culprit for the puzzle.
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under the global nonlinear solution.31 For the nonlinear solution, we first convert the productivity process into a discrete Markov chain with 51 grid points by using the method of Rouwenhorst (1994). Kopecky and Suen (2010) shows that the Rouwenhorst method is more reliable in approximating highly persistent processes as in our case, compared to the other methods of Tauchen (1986) and Tauchen and Hussey (1991). Under the complete asset market, the equilibrium allocation is not history dependent; it depends only on the current values of the Markov state variables. By constructing 51-by-51 symmetric grid points for Home and Foreign productivity, we compute the nonlinear solution for terms of trade S(A, A∗ ), consumption (C(A, A∗ ), C ∗ (A, A∗ )), and labor (N (A, A∗ ), N ∗ (A, A∗ )) by exploiting policy time iteration and then assess the world welfare from the exact consumption and labor allocation conditional on the efficient steady state. From Figure 3, three facts are noteworthy. Firstly, when the trade elasticity  is smaller than or equal to one, the difference of welfare costs between the linearized solution and the nonlinear solution is almost constant, given by 0.3bp. Second, the approximation error monotonically increases as the trade elasticity  gets larger than one. If  is set to six, the difference of welfare costs amounts to 37bp. Third, in contrast with common intuition, the graph in the third column of Figure 3 shows that households prefer residing in the efficient equilibrium with volatile productivity shocks to living in the efficient steady state when Home and Foreign goods are more substitutable to one another.32 Since households have a preference to smooth consumption, the third fact seems odd and we look into the nonlinear allocation in Figure 4. This fact turns out to be in line with the findings of Lester, Pries, and Sims (2014). Lester, Pries, and Sims (2014) demonstrates a countervailing force that works to make fluctuations potentially welfare-improving when factor supply is sufficiently elastic. Figure 4 plots lifetime world welfare W(A, A∗ ), periodic world welfare V (A, A∗ )33 , and Home composite consumption C(A, A∗ ) with respect to Home 31



Appendix D.3 characterizes the first-order approximated solution and Appendix B shows the global nonlinear solution. 32 Observe that the welfare costs under the nonlinear allocation with high trade elasticity are negative, which implies that the welfare under volatile productivity is larger than the welfare under the steady state. ∗ 1−σ +C ∗ (A,A∗ )1−σ 33 − The periodic world welfare V (A, A∗ ) is defined as V (A, A∗ ) ≡ C(A,A ) 1−σ N (A,A∗ )1+φ +N ∗ (A,A∗ )1+φ . 1+φ
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productivity by fixing Foreign productivity at one. The first and second columns compare the results from two extreme values of : 0.5 vs. 6.0. When Home and Foreign goods are close complements by  = 0.5, all three functions exhibit concavity with respect to Home productivity. On the contrary, if Home and Foreign goods are close substitutes by  = 6.0, the graph for periodic world welfare and Home consumption becomes convex and the lifetime world welfare is very close to a linear or even convex function in productivity. Therefore, it is conceivable that households prefer more shock variance to less when Home and Foreign goods are close substitutes. In sum, we can conclude that for the range of the trade elasticity,  from 0.5 to 1.5, the allocation from log-linearized targeting rules is accurate up to the tolerance of 1bp in terms of the difference of welfare costs between linearized and nonlinear solutions. If the elasticity  gets larger than 1.5, then the approximation error escalates and the ranking of policy regimes is misleading. Moreover, this result is only valid under the current parameterization given in Table 1 and under flexible prices, optimal subsidies, and efficient risk sharing. If values for parameters of discount rate, relative risk aversion or home bias change, then the accuracy of linearized solution should be affected. In addition, it is possible that the imposition of consumption tax might also influence the accuracy of the LQ approximation. The previous literature on optimal monetary policy has not paid much attention to this fact. Keeping this in mind, we proceed in the subsequent sections by assuming that the LQ solution is accurate so long as the trade elasticity is less than 1.5 under the current parameterization.34



34



We are currently working on the robustness of this assumption.
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Figure 2: Dependence on substitutability between Home and Foreign goods,  under λ = 1.00 Welfare Cost(%), 6=1.00
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation.
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Figure 3: Dependence on substitutability between Home and Foreign goods,  under λ = 1.00
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Note − “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation. “1storder approx.” presents the welfare costs derived from second-order approximation of the world welfare which is evaluated by the log-linearized efficient allocations. “Nonlinear” shows the welfare costs from the global nonlinear solution for the efficient equilibrium.
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Figure 4: The nonlinear efficient allocation with varying  under λ = 1.00
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Note − (H) indicates Home country and (F) points to Foreign country. The first column reports the result from  = 0.5 and the second column shows the result from  = 6.0.
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5.2



Trade-offs under inefficient risk sharing: the case of complements



In this section, we numerically evaluate alternative policy regimes and compare the performances of optimal monetary policy and strict inflation targeting when Home and Foreign goods are complements. In particular, we investigate the case of  = 0.5. Under strict inflation targeting, we assume that the central bank stabilizes inflation and currency misalignment but it does not take into account demand imbalance for the policy goal. Figure 5 ranks optimal monetary policy under PCP(LCP) and strict inflation targeting in terms of welfare costs with respect to the degree of market incompleteness, λ. By the inspection of “PCP OMP” and “INF TGT” in the figure, we can observe that optimal monetary policy under PCP is always preferred to strict inflation targeting regardless of the degree of market incompleteness, λ. Welfare costs under “PCP OMP” are always lower than those under “INF TGT” for all values of λ since the optimal policy mitigates distortions from consumption tax. On the other hand, under the LCP model, the degree of market incompleteness, λ matters to the ranking of alternative monetary regimes. When risk sharing among countries is high enough, that is, λ is larger than about 0.2, stabilizing both PPI and CPI inflation to the extent that the law of one price holds is more urgent than correcting the demand imbalance. However when economic fluctuations from demand imbalance become significant under λ < 0.2, then the adverse effect from demand imbalance takes a dominant role in raising welfare costs and strict inflation targeting is dominated by the optimal policy. Figure 6 shows the volatilities of target variables for the optimal policy. Since strict inflation targeting replicates the flexible-price allocation, there is no PPI or CPI inflation. Currency misalignment also vanishes due to the law of one price and the real exchange rate is anchored at its efficient level. However, as the degree of market incompleteness gets severer, that is, λ gets smaller, the volatilities of output gaps and demand imbalance soar and welfare costs increase rapidly. Notice that the Home output gap is much more volatile than the Foreign output gap. This is because we assume that the Home country imposes a distortionary tax on consumption and strict inflation targeting does not correct this distortion.
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Figure 5: Dependence on the degree of market incompleteness, λ under  = 0.50 Welfare Cost(%), 0=0.50
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation.



Under the PCP model, the monetary authority targets PPI inflation. When risk sharing is close to its efficient level, that is, λ is greater than 0.20, PPI inflation is stabilized around 0.0052% standard deviation but CPI inflation is volatile with the average standard deviation of 0.3655%. On the contrary, CPI inflation is stabilized under the LCP model. The average standard deviation of CPI inflation is given by 0.0047% but the level of volatility is 0.1074% for the PPI inflation in LCP. Since the law of one price holds under the PCP model, currency misalignment does not contribute to the aggregate fluctuation. However, this does not lead to the efficient level
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of real exchange rate. Since purchasing power parity between countries does not hold due to home bias in consumption, the gap between actual real exchange rate and its efficient level gets more volatile as the market incompleteness becomes more critical. Under the LCP model, both currency misalignment and the real exchange rate gap fluctuate stronger as the distortion from demand imbalance gets larger. In sum, we conclude that ignoring the adverse effect from demand imbalance can incur large losses in the global welfare. In the worst scenario of λ = 0.01,35 the welfare cost amounts to 2.83% under strict inflation targeting, whereas the economy under optimal monetary policy costs 0.44% of steady-state consumption in the PCP case and 0.36% in the LCP case. The volatility of demand imbalance declines from 56.04% to 22.68% (21.83%) under the PCP(LCP) optimal policy. In addition, the volatility of Home output gap decreases from 21.02% to 8.88% (8.05%) under the PCP(LCP) optimal policy. We can also observe the similar pattern for Foreign output gap. The volatility of Foreign output gap declines from 7.00% to 2.59% (2.86%) under the PCP(LCP) optimal policy. As mentioned before, Foreign output gap is more stabilized than Home output gap because we assume that only the Home country imposes distortionary tax on consumption.
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When λ = 0, we cannot find the well-defined equilibrium. We check the allocation under very small λ = 0.0001 and find that the welfare cost soars to more than 1000%. Therefore welfare costs and volatilities exponentially increase as λ gets very close to zero when  = 0.50.
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Figure 6: Dependence on the degree of market incompleteness, λ under  = 0.50
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation. “RER Gap” represents the deviation of real exchange rate from its first-best level.
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5.3



Trade-offs under inefficient risk sharing: the case of substitutes



We looked into the equilibrium of optimal monetary policy in the case of unitary trade elasticity and perfect risk-sharing in Section 5.1.36 In Section 5.2, we examined the numerical evaluation of optimal monetary policy when Home and Foreign goods are complementary to one another. In this section, we conduct the same exercise by setting  to 1.30, that is, Home and Foreign goods are substitutes. By the inspection of Figure 7 and 8, three findings are noteworthy. First, the effect of the market incompleteness λ on the equilibrium allocation exhibits symmetric patterns about some particular value λ = 0.18. Second, in the range of λ from 0.18 to 1.00, the graphs show the exactly same patterns on every allocation as in the case of  = 0.50. Therefore, the same conclusion emerges when λ is greater than 0.18. Third, in the range of λ from 0.00 to 0.18, welfare costs and volatility of demand imbalance fall as the degree of market incompleteness λ drops down. Note that in Appendix H we show that these three facts also hold when the trade elasticity is one. Since we already discussed our findings regarding the second fact in Section 5.2, we focus on the first and third points in this section. Clearly, these two points are related to our approach to the modeling of inefficient risk-sharing. There are two approaches in capturing inefficient risk sharing under the complete set of contingent claims. One is to have consumption tax as in our model and the other is to have capital controls as in Devereux and Yetman (2014a) and Engel (2014). Since it is worth comparing two approaches to understand Figure 7 and 8, we briefly discuss how our approach is different from Engel (2014). In Engel (2014), Home households pay taxes when they buy bonds and receive subsidies when households gather proceeds from their bond purchases. Their budget constraints are given by (H)



Pt Ct +



X



Z(∇t+1 |∇t )D(h, ∇t+1 ) · (1 + τtcc ) = Wt (h)Nt (h) + D(h, ∇t ) · (1 + τtcc ) + Γt + Tt



∇t+1 ∈Σt+1 36



Appendix H shows the result of optimal monetary policy in the case of unitary trade elasticity and imperfect risk-sharing.



34



where the tax on bonds is defined in the same form of our model, given by



1+



τtcc



 =



PHt CHt + PF t CF t ∗ ∗ PHt CHt + Et PHt CHt



 1−λ λ .



First-order conditions regarding state-contingent bonds lead to the well known risk sharing equation: 



Ct∗ Ct



−σ =



Et Pt∗ · (1 + τtcc ) . Pt



 ∗ −σ C · EtP·Pt ∗ = Therefore, in Engel (2014) the demand imbalance is defined as Ft ≡ Ctt t   1−λ λ +PF t CF t 1 + τtcc = PPHtHtCCHtHt+E , which is the reciprocal of the demand imbalance of our ∗ C∗ tP Ht
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case.



Ht



We will refer this model to as the capital-control model and refer our model to as the



consumption-tax model. It is worth noting that the evolution of terms of trade under capital controls is not independent of policy even under the linear labor disutility, i.e. φ = 0.38 The characterization of optimal monetary policy under capital controls is relegated to Appendix I. Numerical results regarding the capital-control model are shown in Appendix J. Surprisingly, we find that there is no well-defined equilibrium in the range of λ from 0.16 to 0.45 under capital controls due to the violation of the Blanchard and Kahn (1980) condition. It appears that the range of λ which violates the Blanchard and Kahn (1980) condition is associated with the range of λ where welfare costs and volatilities display sudden peaks in the consumption-tax model. This suggest that the first and third facts mentioned above might be related to numerical issues. We are currently investigating the exact model mechanism regarding these aspects.



 ∗ −σ Ct 1 The demand imbalance in our model is defined as Ft ≡ · EtP·Pt ∗ = 1+τ = c Ct t t  − 1−λ λ PHt CHt +PF t CF t , which is the inverse of the demand imbalance in Engel (2014). ∗ C∗ PHt CHt +Et PHt Ht 38 The derivation of LCP Phillips curves in Engel (2014) is incorrect. We correct every equilibrium condition in Engel (2014) and find that optimal monetary policy must not omit terms of trade in the set of decision variables. 37
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Figure 7: Dependence on the degree of market incompleteness, λ under  = 1.30 Welfare Cost(%), 0=1.30
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation.
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Figure 8: Dependence on the degree of market incompleteness, λ under  = 1.30
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation. “RER Gap” represents the deviation of real exchange rate from its first-best level.



37



6



Conclusion



This paper examines how inefficient risk sharing affects the objective of the monetary authority and numerically evaluate its impact on the world welfare if policymakers do not target the demand imbalance induced by the market incompleteness. The paper characterizes optimal monetary policy under different degrees of exchange rate pass-through and under the different extent to which risk sharing between countries is inefficient. We show that the degree of substitutability between home and foreign goods matters to the accuracy of the standard Linear-Quadratic approximation to optimal monetary policy implementation. Our findings show that the welfare measure of LQ approximated targeting rules is not reliable as the trade elasticity increases beyond one. Demand imbalance due to the market incompleteness can incur serious losses of the world welfare and policymakers must cooperate to optimally trade off this effect with concerns about output gaps, inflation, and pricing-to-market. The paper derives the demand imbalance through consumption tax but the demand imbalance can also arise for reasons that the set of available assets is restricted to noncontingent bonds or countries implement capital controls. This paper studies the asymmetric framework where only the home country implements consumption tax. Future work can draw on new aspects by assuming that both home and foreign countries implement consumption tax. We are extending our framework in this direction.
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A



Appendix: Total Equilibrium Conditions



Home households:



Ct



=



Pt



=



CHt



=



CF t



=



Wt Pt



=



Ct∗



=



Pt∗



=



∗ CF t



=



∗ CHt



=



Wt∗ Pt∗



=



  −1  −1 ν  1 + 1− (CF t )  2 2 1 nν ν 1− o 1− 1− PHt + (1 − )PF t 2 2   ν PHt − Ct 2 Pt    ν  PF t − 1− Ct 2 Pt ηt {Ct }σ · {Nt }φ · (1 + τtc ) ηt − 1



  1 ν 



(CHt )



−1 



Foreign households:   −1  −1 ν  1 ∗ + 1− (CHt )  2 2 nν o 1 ν ∗ 1− 1− PF∗ t 1− + (1 − )PHt 2 2   ν PF∗ t − ∗ Ct 2 Pt∗  ∗ −  ν  PHt Ct∗ 1− 2 Pt∗ ηt∗ {Ct∗ }σ · {Nt∗ }φ ∗ ηt − 1



  1 ν 



∗ (CF t)



−1 



Financial markets, government taxation, and demand imbalance: 



Ct∗ Ct



−σ



1+



=



τtc



=



Ft



≡



Et Pt∗ 1 · Pt (1 + τtc ) ! 1−λ λ PHt CHt + PF t CF t ∗ C∗ PHt CHt + Et PHt Ht  ∗ −σ Pt Ct 1 · = Ct Et Pt∗ (1 + τtc )



Aggregate demand and total employment: ν 2







PHt Pt



−



 ∗ −  ν  PHt Ct + 1 − Ct∗ 2 Pt∗



Yt



≡



∗ CHt + CHt =



At Nt



=



VHt



=



∗ ∗ CHt VHt + CHt VHt  o −ξ iξ h (1 − θ) · ΠH + θ · ΠH VHt−1 t t



∗ VHt



=



 o −ξ iξ h ∗ (1 − θ) · ΠH∗ + θ · ΠH∗ VHt−1 t t
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ν 2







PF∗ t Pt∗



−



   ν  PF t − Ct∗ + 1 − Ct 2 Pt



Yt∗



≡



∗ CF t + CF t =



A∗t Nt∗



=



VF∗t



=



∗ ∗ CF t VF t + CF t VF t  o −ξ h iξ ∗ ∗ + θ · ΠF VF∗t−1 (1 − θ) · ΠF t t



VF t



=



 o −ξ h iξ + θ · ΠF VF t−1 (1 − θ) · ΠF t t



o



o



o



o



∗ , V ∗ = V , ΠH = ΠH∗ , and ΠF ∗ = ΠF hold under PCP. where VHt = VHt Ft t t t t Ft



[PCP&LCP] Firms under flexible prices: Wt ξ · (1 − τt ) · ξ−1 At ξ Wt∗ ∗ = · (1 − τt ) · ∗ ξ−1 At



PHt



=



∗ Et · PHt =



PF∗ t



=



PF t Et



[PCP] Firms under sticky prices:



o PHt



where Qt,t+j ≡ β j







=



"



o ΠH t



=



PFo∗t



=



=



∗ PHt



=



−σ



hP



i ξ   W ∗ θj Qt,t+j (1 − τt+j ) A t+j PHt+j CHt+j + CHt+j t+j i hP  ξ  ∞ ∗ jQ P CHt+j + CHt+j Et θ t,t+j Ht+j j=0



∞ j=0



1 − θ · ΠH t



1 ξ−1 # 1−ξ



1−θ  h iξ   ∗ P∞ j ∗ ∗ ) Wt+j P ∗ ∗ Et (1 − τ θ Q C + C ∗ F t+j j=0 t+j At+j t,t+j F t+j F t+j ξ  h iξ   P∞ j ∗ ξ−1 ∗ ∗ Et CF j=0 θ Qt,t+j PF t+j t+j + CF t+j "



o ∗ ΠF t



Ct+j Ct



ξ Et ξ−1



∗ 1 − θ · ΠF t



1 ξ−1 # 1−ξ



1−θ 1 PHt and PF t = Et PF∗ t Et



Pt (1+τtc ) c Pt+j (1+τt+j )



= βj







∗ Ct+j Ct∗



−σ



Et Pt∗ ∗ Et+j Pt+j



≡ Q∗t,t+j holds.
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[LCP] Firms under sticky prices:



o PHt



=



o∗ PHt



=



"



o



ΠH t



hP



 ξ i W θj Qt,t+j (1 − τt+j ) A t+j PHt+j CHt+j t+j hP  ξ i ∞ j Et CHt+j j=0 θ Qt,t+j PHt+j  h iξ   P∞ j W ∗ ∗ θ Qt,t+j (1 − τt+j ) A t+j PHt+j CHt+j Et j=0 t+j ξ  h iξ   P∞ j ξ−1 ∗ ∗ Et θ Q E P C t,t+j t+j j=0 Ht+j Ht+j ξ Et ξ−1



=



1 − θ · ΠH t



PFo t



=



"



o ∗ ΠF t



where Qt,t+j ≡ β j







Ct+j Ct



−σ



=



"



o



and ΠH∗ = t



1 − θ · ΠH∗ t



1 ξ−1 # 1−ξ



1−θ



h iξ   ∗ ∗ ) Wt+j P ∗ ∗ θj Q∗t,t+j (1 − τt+j CF ∗ F t+j t+j A ξ t+j  h iξ   P∞ j ∗ ξ−1 ∗ ∗ Et θ Q P C j=0 t,t+j F t+j F t+j   ∗  ξ  P∞ j ∗ W ∗ ) t+j P Et θ Qt,t+j (1 − τt+j C ∗ F t+j F t+j j=0 At+j ξ hP  ξ i ∞ ∗ ξ−1 j Et CF t+j j=0 θ Qt,t+j (1/Et+j ) PF t+j 



=



1 ξ−1 # 1−ξ



1−θ



Et



PFo∗t



∞ j=0



P∞



j=0



∗ 1 − θ · ΠF t



Pt (1+τtc ) c Pt+j (1+τt+j )



1 ξ−1 # 1−ξ



1−θ



= βj







"



o



and ΠF t =



∗ Ct+j Ct∗



−σ



Et Pt∗ ∗ Et+j Pt+j



1 − θ · ΠF t



1 ξ−1 # 1−ξ



1−θ



≡ Q∗t,t+j holds.



Resource constraints:



(H)



X



PF t CF t +



∗ ∗ Z(∇t+1 |∇t )D(∇t+1 ) = Et · PHt CHt + D(∇t )



∇t+1 ∈Σt+1



(F )



∗ ∗ Et · PHt CHt +



X



Z(∇t+1 |∇t )D∗ (∇t+1 ) = PF t CF t + D∗ (∇t )



∇t+1 ∈Σt+1



where D(∇t ) + D∗ (∇t ) = 0 for all t and all ∇t ∈ Σt .
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Terms of trade, prices, aggregate demand, currency misalignment and export premium:



St



=



St∗



=



Pt PHt



=



Pt PF t



=



Pt∗ PF∗ t



=



Pt∗ ∗ PHt



=



Yt



=



Yt∗



=



Mt



=



Zt



=



PF t PHt ∗ PHt PF∗ t 1  nν ν  1− o 1− + 1− St 2 2 ( ) 1  1− ν 1 ν 1− · +1− 2 St 2 1 nν   o ν 1− + 1− St∗ 1− 2 2 ( ) 1  1− ν 1 ν 1− · +1− 2 St∗ 2



  ν nν ν  ∗ 1− o 1− · + 1− St 2 2 2 1  ∗ Et PF∗ t 2 Et PHt · PHt PF t  E P ∗  21 t



B



)    ν 1 1− ν 1− · + 1 − · Ct∗ 2 St∗ 2 )  (  1−  ν 1− ν ν 1 ∗ · +1− · Ct + 1 − · · Ct 2 2 St 2



   ν nν ν  1− o 1− ν · + 1− St · Ct + 1 − · 2 2 2 2







Ht



PHt ∗ Et PF t PF t



(



1







= [St · St∗ ] 2



Appendix: Globally Efficient Allocations



In this section, we characterize globally efficient allocations which feature optimal subsidies, flexible prices, and complete asset market. We redefine wages as W t =



ηt −1 ηt W t



∗



and W t =



ηt∗ −1 ∗ ηt∗ Wt .



Then households’



wage setting conditions are Wt Ntφ , = −σ Pt Ct Wt∗ Nt∗ φ = . Pt∗ Ct∗ −σ The equilibrium condition in the financial market attains perfect risk sharing, given by 



Ct∗ Ct



−σ =



Et Pt∗ . Pt
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The aggregate demand and supply are  ∗ − −  PHt ν  PHt Ct + 1 − Ct∗ , Pt 2 Pt∗   − −  ν  PF t ν PF∗ t ∗ C + 1 − Ct , = t 2 Pt∗ 2 Pt



∗ Yt ≡ CHt + CHt =



Yt∗ ≡ CF∗ t + CF t



ν 2







At Nt = Yt , A∗t Nt∗ = Yt∗ . Firms’ optimality conditions are characterized by ξ Wt · (1 − τt ) · , ξ−1 At ξ W∗ = · (1 − τt∗ ) · ∗t . ξ−1 At



PHt



∗ = Et · PHt =



PF∗ t



=



PF t Et



which can be rewritten as ξ Wt ηt At = (1 − τt ) · , ξ − 1 ηt − 1 PHt {z } | =1



∗



A∗t



= (1 − |



τt∗ )



W ηt∗ ξ · t. ∗ ξ − 1 ηt − 1 PF∗ t {z } =1



Now we want to show that the marginal rate of substitution of labor with respect to the Home good, M RS{Nt ,CHt } , is equalized to the marginal product of labor, At , so that we can verify that the equilibrium attains the first-best outcome. Note that the composite consumption is given by



Ct



  −1   1  −1 −1 ν  1 ν    (CHt ) + 1− (CF t ) = 2 2



By solving the cost minimization problem: min s.t.



PHt · CHt (h) + PF t · CF t (h)   −1   1   1 −1 −1 ν ν  (CHt (h))  + 1 − (CF t (h))  ≥ Ct (h) 2 2
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we can derive standard equations:



Note that



∂Ct ∂CHt



=



n



ν 2



·



Ct CHt



CHt (h)



=



CF t (h)



=



Pt



=



o 1



 − ν PHt Ct (h) 2 Pt  −  ν  PF t Ct (h) 1− 2 Pt 1 hν i 1−  ν 1− · PF1− · PHt + 1− t 2 2



holds and we can verify the equation:



Pt PHt



=







∂Ct ∂CHt



−1



. Hence we can



observe that the marginal rate of substitution of labor with respect to the Home good is equal to the marginal product of labor as follows.



At =



Wt W t Pt Ntφ   = M RS{Nt ,CHt } = · = ∂Ct PHt Pt PHt Ct−σ · ∂C Ht



Analogous derivation leads to the same first-best condition for the Foreign country: A∗t = M RS{N ∗ ,C ∗ } . t Ft



C



Appendix: The Globally Efficient Steady-State



We assume that the economy at time t = 0 is in the symmetrically efficient steady-state and in zero net bond supply. Optimal subsidies correct distortions from monopolies in labor supply and goods supply. The price setting is flexible. National income accounting implies PF t · CF t



∗ ∗ ∗ = Et · PHt CHt = PHt CHt



where the second equality follows from the law of one price. By combining this equation with equilibrium conditions, we can derive At Nt A∗t Nt∗



PF t Pt C t CF t = , PHt PHt PHt ∗ P ∗C ∗ = CF∗ t + CHt = t ∗ t . PF t PF t



∗ = CHt + CHt = CHt +



= CF∗ t + CF t



Now we use wage-setting conditions and firms’ pricing decision to get Ct Nt



= At



PHt ξ Wt ξ ηt = · (1 − τt ) = (1 − τt ) C σ N φ = Ctσ Ntφ , Pt ξ−1 Pt ξ − 1 ηt − 1 t t | {z }



Ct∗ Nt∗



P∗ ξ ηt∗ W∗ ξ = A∗t F∗t = · (1 − τt∗ ) ∗t = (1 − τt∗ ) C ∗ σ Nt∗ φ = Ct∗ σ Nt∗ φ . Pt ξ−1 Pt ξ − 1 ηt∗ − 1 t | {z }



=1



=1
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Therefore, with the optimal subsidy we can derive Ct 1−σ



= Nt 1+φ ,



Ct∗ 1−σ



= Nt∗ 1+φ .



Under the symmetric equilibrium, At = A∗t and Ct = Ct∗ are assumed. Thus we can obtain Nt



=



PHt Pt



=



CHt



=



Nt∗ , Ctσ Ntφ C ∗σ N ∗φ P∗ = t ∗ t = F∗t , At At Pt  −  ∗ − ν PF t ν PHt Ct = Ct∗ = CF∗ t . 2 Pt 2 Pt∗



∗ Therefore CF t = CHt follows from Ct = Ct∗ and CHt = CF∗ t . Thus by using the condition of balanced trade



we can show Pt



= PHt = PF t ,



Pt∗



∗ = PF∗ t = PHt ,



Pt



=



Et · Pt∗ .



This implies that not only the law of one price but also purchasing power parity hold when the economy is in the symmetrically efficient equilibrium and in zero net bond supply. Assume A = A∗ = 1 in the globally efficient steady-state. Then we can derive the following: C CH CF W P W∗ P∗ Y Y∗ S S∗ Π



= N = C∗ = N ∗ = 1 ν = CF∗ = 2 ν ∗ = CH = 1 − 2 η ξ−1 1 = = η−1 ξ 1−τ η∗ ξ−1 1 = = η∗ − 1 ξ 1 − τ∗ ∗ = CH + CH =1 = CF∗ + CF = 1 PF = =1 PH ∗ PH = =1 PF∗ = ΠH = ΠF = Π∗ = Π∗H = Π∗F = 1
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D



Appendix: Log-Linearized Model



D.1



Log-Linearization of Equilibrium Conditions



All small-letter variables stand for the log deviation from the globally efficient steady-state. The currency misalignment, the export premium, and price indices: mt



=



zt



=



pt − pHt



=



pt − pF t



=



p∗t − p∗F t



=



p∗t − p∗Ht



=



et + p∗t − pt



=



vHt



=



1 [et + p∗Ht − pHt + et + p∗F t − pF t ] 2 1 [st + s∗t ] 2  ν · st 1− 2 ν − · st  2 ν · s∗t 1− 2 ν − · s∗t 2 st − s∗t mt + (ν − 1) · 2 ∗ vHt = vF∗ t = vF t = 0



Aggregate demand and total employment:



yt



 ν ν ∗ ν ct + 1 − ct +  2 2 2 ν ∗  ν ν = c + 1− ct −  2 t 2 2 = at + nt



yt∗



= a∗t + n∗t



yt yt∗



=



ν (st − s∗t ) 2  ν 1− (st − s∗t ) 2 



1−



Financial markets and demand imbalance: 2



≡ (ν − 1) + σν(2 − ν) st − s∗t σ(ct − c∗t ) = mt + ft + (ν − 1) 2 2(1 − λ)(2 − ν) [σ(ν − 1) + 1 − ν] (1 − λ)(2 − ν) [1 + ν( − 1) − D] ft = − · yR + · mt (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD t (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD D
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Real exchange rate, CPI inflation, and interest rates: qt



=



πt



=



πt∗



=



it



=



i∗t



=



et + p∗t − pt  ν ν · πF t · πHt + 1 − 2 2  ν ν ∗ · πHt · π∗ + 1 − 2 Ft 2 σ · (Et ct+1 − ct ) + Et πt+1 − Et ft+1 + ft  ∗ σ · Et c∗t+1 − c∗t + Et πt+1



Wage setting: wt − pHt wt∗ − p∗F t µW t ∗ µW t



 ν = σct + φnt + 1 − · st + µW t − ft 2   ν ∗ = σc∗t + φn∗t + 1 − · s∗t + µW t 2     ηt η = log − log ηt − 1 η−1     ∗ η∗ ηt − log = log ηt∗ − 1 η∗ − 1



[PCP] Phillips Curve: δ



≡



πHt



=



(1 − θ)(1 − βθ) θ δ · [wt − pHt − at ] + βEt πHt+1



πF∗ t



=



δ · [wt∗ − p∗F t − a∗t ] + βEt πF∗ t+1



[LCP] Phillips Curve:



πHt



(1 − θ)(1 − βθ) θ = δ · [wt − pHt − at ] + βEt πHt+1



∗ πHt



∗ = δ · [wt − p∗Ht − et − at ] + βEt πHt+1



πF∗ t



= δ · [wt∗ − p∗F t − a∗t ] + βEt πF∗ t+1



πF t



= δ · [wt∗ − pF t + et − a∗t ] + βEt πF t+1



δ



D.2



≡



Log-Linearized Equilibrium Conditions in Relative and World Values



We define relative and world values for any variables xt and x∗t as xR t ≡



xt −x∗ t 2



and xW t =



xt +x∗ t 2



and rewrite



log-linearized equilibrium conditions. Definitions:
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x ˜ t ≡ xt − xt xR t ≡



xt −x∗ t 2



and xW t ≡



and s∗t ≡ p∗Ht − p∗F t



st ≡ pF t − pHt mt ≡



xt +x∗ t 2



∗ et +p∗ Ht −pHt +et +pF t −pF t



2



D ≡ (ν − 1)2 + σν(2 − ν)



and zt ≡ and δ ≡



st +s∗ t 2 (1−θ)(1−βθ) θ



Aggregate demand and total employment:



cW t



ν − 1 R ν(2 − ν) y + (mt + ft ) D t 2D = ytW



nR t



= ytR − aR t



nW t



= ytW − aW t



cR t



=



Financial markets and demand imbalance: sR t ft



2σ R ν − 1 y − (mt + ft ) D t D 2(1 − λ)(2 − ν) [σ(ν − 1) + 1 − ν] R (1 − λ)(2 − ν) [1 + ν( − 1) − D] = − ·y + ·mt (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD t (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD {z } {z } | |



=



≡Ξ1



≡Ξ2



Real exchange rate, CPI inflation, and interest rates: qt



=



πt



=



πt∗



=



it



=



i∗t



=



mt + (ν − 1) · sR t  ν ν · πHt + 1 − · πF t 2 2  ν ν ∗ · π∗ + 1 − · πHt 2 Ft 2 σ · (Et ct+1 − ct ) + Et πt+1 − Et ft+1 + ft  ∗ σ · Et c∗t+1 − c∗t + Et πt+1



Wage setting: wt − pHt wt∗ − p∗F t



  D−ν+1 ν + φ ytR + (σ + φ)ytW + (mt + ft ) + 1 − zt − φat + µW t − ft D 2D 2  σ    −D + ν − 1 ν ∗ (mt + ft ) + 1 − zt − φa∗t + µW = − − φ ytR + (σ + φ)ytW + t D 2D 2



=



σ
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[PCP] Phillips curve: 



  σ D−ν+1 R W = δ + φ y˜t + (σ + φ)˜ yt + ft − ft + βEt πHt+1 + ut D 2D    −D + ν − 1 σ R W yt + ft + βEt πF∗ t+1 + u∗t = δ − − φ y˜t + (σ + φ)˜ D 2D



πHt πF∗ t ut



≡ δµW t



u∗t



∗ ≡ δµW t



[LCP] Phillips curve: πHt



=



∗ πHt



=



πF∗ t



=



πF t



=



 σ



  D−ν+1 ν D−ν+1 δ zt + βEt πHt+1 + ut +φ ft − ft + mt + 1 − + (σ + + D 2D 2D 2    σ D−ν+1 −D − ν + 1 ν ∗ δ + φ y˜tR + (σ + φ)˜ ytW + ft − ft + mt − zt + βEt πHt+1 + ut D 2D 2D 2     −D + ν − 1 −D + ν − 1 ν σ ytW + ft + mt + 1 − zt + βEt πF∗ t+1 + u∗t δ − − φ y˜tR + (σ + φ)˜ D 2D 2D 2    σ −D + ν − 1 D+ν−1 ν R W δ − − φ y˜t + (σ + φ)˜ yt + ft + mt − zt + βEt πF t+1 + u∗t D 2D 2D 2



ut



≡ δµW t



u∗t



∗ ≡ δµW t



D.3







y˜tR



φ)˜ ytW



Appendix: Log-Linearized Globally Efficient Allocations



We characterize first-order log-linearized efficient allocations under flexible prices, optimal subsidies, and efficient risk sharing. xt stands for the efficient allocation. aR t = yR t =



at −a∗ t 2 1+φ · σ D +φ



and aW t = aR t



R R nR t = y t − at



cR t =



ν−1 R D yt



sR t =



2σ R D yt



and y W t =



at +a∗ t 2 1+φ σ+φ ·



aW t



W W and nW t = y t − at W and cW t = yt
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D.4



Appendix: Log-Linearized Flexible Price Allocations



We characterize first-order log-linearized allocations under flexible prices, optimal subsidies, and inefficient risk sharing.



E



cR t



=



cW t



=



ν−1 R ν(2 − ν) y + ft D t 2D ytW



nR t



=



ytR − aR t



nW t



=



st



=



ft



=



0



=



0



=



ytW − aW t 2σ R ν−1 y − ft D t D 2(1 − λ)(2 − ν) [σ(ν − 1) + 1 − ν] − · yR (1 − λ)(2 − ν) [1 + ν( − 1)] − 2λD t    σ D−ν+1 W W δ + φ (ytR − y R ft − ft + ut t ) + (σ + φ)(yt − y t ) + D 2D    σ −D +ν−1 W W δ − − φ (ytR − y R ft + u∗t t ) + (σ + φ)(yt − y t ) + D 2D



Appendix: Proof of zt = 0 under LCP



In this section, we show the log-linear export premium zt is zero under LCP. The economy at time zero is assumed to be in the symmetrically efficient steady-state and thus we have z0 = s0 = s∗0 = 0. By combining Phillips curves under LCP presented in Appendix D.2, the difference in inflation rates under LCP can be written as ∗ πHt − πHt



  ∗ = δ(mt + zt ) + βEt πHt+1 − πHt+1 ,   = δ(mt − zt ) + βEt πF t+1 − πF∗ t+1 .



πF t − πF∗ t Then we can obtain ∗ πHt − πHt − πF t + πF∗ t



Rewrite this equation in terms of zt =



=



st +s∗ t 2



−2zt + 2zt−1



  ∗ 2δzt + βEt πHt+1 − πHt+1 − πF t+1 + πF∗ t+1 =



∗ pF t −pHt +p∗ Ht −pF t 2



=



and derive



2δzt + βEt [−2zt+1 + 2zt ]



Therefore we can solve for zt to get zt



=



β 1 Et [zt+1 ] + zt−1 1+β+δ 1+β+δ
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Since z0 = 0 and



F



β 1+β+δ



< 1, we conclude that zt = 0 for all t by induction.



Appendix: Log-Linearized Model under Financial Autarky



Let’s assume that there is no international bond market and the trade is balanced such that PF t CF t = ∗ ∗ Et PHt CHt . Since St =



PF t PHt



and Mt =



∗ Et PHt PHt ,



we can rewrite the balanced-trade condition as



  ∗ − −   ν  PF t ν  PHt PHt St 1 − Ct = PHt Mt 1 − Ct∗ 2 Pt 2 Pt∗ Replace prices by terms of trade and get St Ct ·



nν 2



· St−1 + 1 −



  nν ν o 1− ν o 1− = Mt Ct∗ · · St1− + 1 − 2 2 2



Therefore the log-linearized condition of the demand imbalance should be substituted out by st · [1 − ν] = mt − 2cR t If we rewrite this condition by using sR t =



2σ R D yt



−



ν−1 D (mt



+ ft ), cR t =



ν−1 R D yt



+



ν(2−ν) 2D (mt



+ ft ), and



W cW t = yt , then the demand imbalance equation becomes



ft =



G



2 [σ( · ν − 1) + 1 − ν] R 1 + ν · ( − 1) − D yt − mt 1 + ν( − 1) 1 + ν( − 1)



The 2nd-order Approximation of the Loss Function



The idea for deriving a measure of global welfare is that first we approximate equations for periodic utility, aggregate demand, and labor-market clearing up to second order; then using second-order approximated aggregate demand and labor-market clearing conditions, we substitute for consumption and labor in utility; finally we express the deviation of utility around its efficient level in terms of output gap, inflation, currency misalignment, and demand imbalance. The periodic utility, Vt , of the global planner can be expressed as Vt



N 1+φ + Nt∗ 1+φ Ct1−σ + Ct∗ 1−σ − t 1−σ 1+φ i 1+φ h i 1−σ h 2 ≈ ct + c∗t − nt − n∗t + · ct + c∗t 2 − · n2t + n∗t 2 2 2 ≡ vt . ≡
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The welfare loss Xt is defined as the difference between the welfare in the efficient allocation and the welfare in the actual equilibrium: −Xt



≡ vt − v t   = 2 c˜W ˜W t −n t h h 2 2 i 2 2 i +(1 − σ) c˜R − (1 + φ) n + c˜W ˜R + n ˜W t t t t     W W W W ˜R ˜t − 2(1 + φ) nR ˜R ˜t . +2(1 − σ) cR t c t + ct c t n t + nt n



By following Gal´ı (2015) and Engel (2011), we can derive (P CP ) Xt



=



(LCP ) Xt



=



 2 2 ν(2 − ν) 2 + φ y˜tR + (σ + φ) y˜tW + ft D 4D  ξ  + · σp2H ,t + σp2∗F ,t 2  σ 2 2 ν(2 − ν) 2 + φ y˜tR + (σ + φ) y˜tW + (mt + ft ) D 4D   ξ ν 2 ν 2 ν 2  ν + · σpH ,t + 1 − σp∗H ,t + σp2∗F ,t + 1 − σ 2 2 2 2 2 pF ,t σ



R1 2 2 2 where σp,t is dispersion of cross-sectional distribution of prices which is defined as σp,t ≡ 0 {log Pt (f ) − Ef [log Pt (f )]} df R1 with Ef [log Pt (f )] ≡ 0 log Pt (f )df . We can use the well-known equation in Woodford (2003) to get:



Et



∞ X



j



β (v t+j − vt+j )



=



Et



∞ X



j



β · Xt+j = Et



j=0



j=0



∞ X



β j · Ψt+j



j=0



where Ψt is defined as: (P CP ) Ψt



∝



(LCP ) Ψt



∝



σ



+φ







y˜tR



2



+ (σ + φ) y˜tW



2



+



ν(2 − ν) 2 ft 4D



D  ξ 2 + · πHt + πF2 ∗ t 2δ σ  2 2 ν(2 − ν) 2 + φ y˜tR + (σ + φ) y˜tW + (mt + ft ) D 4D   ν 2 ν ν 2  ξ ν 2 πHt + 1 − πH ∗ t + πF2 ∗ t + 1 − π . + · 2δ 2 2 2 2 Ft
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H



Trade-offs under inefficient risk sharing: the case of unitary trade elasticity Figure 9: Dependence on the degree of market incompleteness, λ under  = 1.00 Welfare Cost(%), 0 =1.00
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation.



56



I



Optimal Monetary Policy under Capital Controls



In this section, we characterize optimal monetary policy under capital controls in the LCP model, which was discussed in Section 5.3. The Home government implements capital controls in a way that Home households pay taxes when they buy bonds and receive subsidies when households gather proceeds from their bond purchases. The budget constraint is given by (H)



X



Pt Ct +



Z(∇t+1 |∇t )D(h, ∇t+1 ) · (1 + τtcc ) = Wt (h)Nt (h) + D(h, ∇t ) · (1 + τtcc ) + Γt + Tt



∇t+1 ∈Σt+1



where the tax on bonds is defined as



1+



τtcc



 =



PHt CHt + PF t CF t ∗ C∗ PHt CHt + Et PHt Ht



 1−λ λ .



First-order conditions regarding state-contingent bonds lead to the well known risk sharing equation: 



Ct∗ Ct



−σ =



Et Pt∗ · (1 + τtcc ) . Pt



Therefore the demand imbalance can be derived as Ft ≡







Ct∗ Ct



−σ



·



Pt Et ·Pt∗



= 1 + τtcc .



We find that LCP New Keynesian Phillips curves derived in Engel (2014) are incorrect. With the corrected Phillips curves, we show that the dynamics of terms of trade is not independent of policy even under the linear labor disutility: φ = 0. Therefore, the characterization of optimal monetary policy must include terms of trade in the set of choice variables. The correct Phillips curves under LCP are given by πHt



=



∗ πHt



=



πF∗ t



=



πF t



=



 σ



  D−ν+1 D−ν+1 ν δ +φ + (σ + + ft + mt + 1 − zt + βEt πHt+1 + ut , D 2D 2D 2    D−ν+1 −D − ν + 1 ν σ ∗ + φ y˜tR + (σ + φ)˜ ytW + ft + mt − zt + βEt πHt+1 + ut , δ D 2D 2D 2     σ −D + ν − 1 −D + ν − 1 ν zt + βEt πF∗ t+1 + u∗t , δ − − φ y˜tR + (σ + φ)˜ ytW + ft + mt + 1 − D 2D 2D 2    −D + ν − 1 D+ν−1 ν σ ytW + ft + mt − zt + βEt πF t+1 + u∗t , δ − − φ y˜tR + (σ + φ)˜ D 2D 2D 2 



y˜tR



φ)˜ ytW



where zt can be shown to be zero. The rest of linearized equilibrium conditions are referred to Engel (2014). We can write relative and world inflation rates and terms of trade in the form πtR πtW ∆st



  D−ν+1 D − (ν − 1)2 ut − u∗t R + φ (ν − 1)˜ ytR + (ν − 1)ft + mt + βEt πt+1 + (ν − 1) , D 2D 2D 2 ut + u∗t W = δ(σ + φ)˜ ytW + βEt πt+1 + , 2   = −δ st − st + 2φ˜ ytR + ft + βEt [∆st+1 ] − (ut − u∗t ),



= δ



 σ
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2σ(1+φ) R σ+φD at



where st =



and st −st =



2σ R ˜t − ν−1 Dy D (mt +ft ).



Note that even for the case of φ = 0, the dynamics



of st is not autonomous due to the presence of demand imbalance, ft . The policymaker chooses relative and world output gaps, relative and world CPI inflation rates, the currency misalignment, the demand imbalance, and the terms of trade to minimize the expected present discounted value of the loss, given by



min



E0



∞ X



β t Ψt



t=0



subject to



 2 2 ν(2 − ν) + φ y˜tR + (σ + φ) y˜tW + (mt + ft )2 D  4D  2 2 ν(2 − ν) ξ + · πtR + πtW + (∆st )2 δ 4    σ D−ν+1 D − (ν − 1)2 R R R πt = δ + φ (ν − 1)˜ yt + (ν − 1)ft + mt + βEt πt+1 + (ν − 1)uR t D 2D 2D W πtW = δ(σ + φ)˜ ytW + βEt πt+1 + uW t   ytR + ft + βEt [∆st+1 ] − (ut − u∗t ) ∆st = −δ st − st + 2φ˜ 2σ R ν − 1 st = st + y˜ − (mt + ft ) D t D  ft = Ξ1 · y˜tR + y R t − Ξ2 · mt Ψt ∝



(γtR ) (γtW ) (γts ) (γt ) (γtf )



where Ξ1 =



σ



2(1−λ)(2−ν)[σ(ν−1)+1−ν] (1−λ)(2−ν)[1+ν(−1)]−2λD



and Ξ2 =



(1−λ)(2−ν)[1+ν(−1)−D] (1−λ)(2−ν)[1+ν(−1)]−2λD .



Then first order conditions can be



seen to be ∂ y˜tW







∂πtW







∂ y˜tR







(∂mt ) (∂st ) (∂ft ) ∂πtR







2˜ ytW − γtW δ = 0, 2ξ W W π + γtW − γt−1 = 0, δ t 2(σ + φD) R δ(σ + φD)(ν − 1) 2σ y˜t − γtR · + γts · 2δφ − γt · − γtf · Ξ1 = 0, D D D   2 ν(2 − ν) ν−1 R δ D − (ν − 1) (mt + ft ) − γt · + γt · + γtf · Ξ2 = 0, 2D 2D D ξ ν(2 − ν) s s [(1 + β)st − st−1 − βEt st+1 ] + γts · (1 + β + δ) − βEt γt+1 − γt−1 + γt = 0, δ 2 ν(2 − ν) δ(D − ν + 1)(ν − 1) ν−1 (mt + ft ) − γtR · + γts · δ + γt · + γtf = 0, 2D 2D D 2ξ R R π + γtR − γt−1 = 0. δ t
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We define constants Ξ3 and Ξ4 as Ξ3 Ξ4



  δ Ξ2 (D − ν + 1)(ν − 1) − D + (ν − 1)2 ≡ , 2(1 − Ξ2 )(ν − 1) ≡ 2(σ + φD)(ν − 1) + Ξ1 (D − ν + 1)(ν − 1)  Ξ1 (ν − 1) − 2σ  Ξ2 (D − ν + 1)(ν − 1) − D + (ν − 1)2 . + (1 − Ξ2 )(ν − 1)



Therefore the optimal targeting rules are described by three equations: W = ξπtW + y˜tW − y˜t−1 ,  4(σ + φD) 2ξ R R 0 = πt + y˜tR − y˜t−1 δ δΞ4 2σν(2 − ν) + (mt − mt−1 + ft − ft−1 ) δΞ4 (ν − 1)      2D 1 2σΞ2 s + γts − γt−1 Ξ1 − + 2φ , Ξ4 1 − Ξ2 ν−1      1 2σΞ2 Ξ3 s s + 2φ − βEt γt+1 − γt−1 Ξ1 − 0 = γts 1 + β + δ − 2D Ξ4 1 − Ξ2 ν−1 ξ ν(2 − ν) + [(1 + β)st − st−1 − βEt st+1 ] δ 2 Ξ3 4(σ + φD) −˜ ytR · Ξ4 δ   ν(2 − ν) 1 2σ Ξ3 −(mt + ft ) · + . ν−1 2 δ Ξ4



0



If we set σ to one and φ to zero, relatively simple expression emerges as follows: 0



=



0



=



W ξπtW + y˜tW − y˜t−1 ,  4 2ξ R 2ν(2 − ν) R πt + y˜tR − y˜t−1 . + (mt − mt−1 + ft − ft−1 ) δ δΞ4 δΞ4 (ν − 1)



Still, the evolution of terms of trade is not independent of policy.
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Trade-offs under inefficient risk sharing: Capital Controls under  = 1.30 Figure 10: Dependence on the degree of market incompleteness, λ under  = 1.30 Welfare Cost(%), =1.30
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Note − STD means standard deviation. (H) indicates Home country and (F) points to Foreign country. Costs and standard deviations are in percentages. “PCP(LCP) OMP” stands for the allocation under optimal monetary policy when firms price their products by PCP(LCP). “INF TGT” shows the result from strict inflation targeting which replicates the flexible-price allocation. The range of λ which does not contain any point indicates that the Blanchard-Kahn condition is not satisfied for that particular value of λ.
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