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                    Abstract
It has long been argued that the presence of nominal rigidities could cause adverse macroeconomic adjustment to trade liberalization and thus reduce the benefits of freer trade. The paper explores the welfare cost of macroeconomic adjustment within the framework of new open economy macroeconomic models. The welfare effect of trade liberalization is decomposed into a steady-state efficiency gain and a transitional loss associated with wage-price stickiness and is estimated for a wide range of parameter values. The paper finds that while the transitional loss can be a substantial proportion of steady-state gains under fixed exchange rates, it is relatively small under a flexible exchange rate regime supported by a simple Taylor-type rule.
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                    Notes
	For an early discussion of the macroeconomic effects of a tariff under fixed exchange rates, see Chacholiades (1978) and Dornbusch (1980).


	The analysis of the macroeconomic effects of a tariff under flexible exchange rates goes back to Mundell (1961), and has been extended by Boyer (1977) and Krugman (1982).


	Faruqee and others (2006) examine the effect of tariffs in a dynamic general equilibrium model of the world economy with four regional blocs. They are concerned, however, with the macroeconomic implications of trade policy and do not address the issue of how nominal rigidities influence welfare effects of trade policy. Canzoneri, Cumby, and Deba (2006) estimate the welfare costs of nominal rigidities within a new neoclassical synthesis model, but their focus in on costs arising from business cycle rather than trade policy shocks.


	Lombardo and Vestin (2007) discuss the differences in the welfare implications of the two models.


	See Melitz (2003) for a model where gains from trade arise from heterogeneous productivity across firms. Ghironi and Melitz (2005), and Bilbiie, Ghironi, and Melitz (2008) introduce macroeconomic adjustment within such a framework, but they focus on issues other than trade liberalization.


	The extensive-margin adjustment may play a less important role than generally thought. For example, Pappada (2011) shows that adjustment along the intensive margin (within existing firms) is the predominant channel in the transfer problem with firm heterogeneity.


	Our paper overlaps with a number of recent studies that examine the role of labor market rigidities in the adjustment of the current account (Ju and Wei, 2008), of nominal rigidities in the real exchange rate behavior (Naknoi, 2008), and of labor-market search frictions in the influence of trade openness and outsourcing on unemployment (Dutt, Mitra, and Ranjan, 2008; Mitra and Ranjan, 2010).


	Our preference structure with two traded goods at the top tier allows for the distinction made in trade models between intraindustry trade within each traded good and interindustry trade between the two goods. In the open economy macro models (without nontraded goods), however, the nesting of the consumption basket at the top tier is generally between home and foreign bundles, and the elasticity of substitution between these bundles is assumed to be less than between different goods or varieties within each bundle. We assume θ
                        T
                      >η, but our sensitivity analysis explores the possibility that θ
                        T
                      <η.


	With no investment in our model, the rental rates are not related to the interest rate (discussed below), which is determined by the intertemporal household choice.


	The difference between price-level and inflation targeting is not important in the present model without stochastic shocks. The implications of including output gap in the interest rate rule are explored later in subsection “Welfare Effects.”


	The average share of imports in GDP for emerging and advanced economies over the 1990–2008 period is 27.0 and 23.0 percent, respectively (source: WEO database).


	These assumptions also imply that intraindustry trade accounts for about 40 percent of total trade for each good.


	Martins, Scarpetta, and Pilat (1996), for example, estimate the average markup for manufacturing sectors in OECD countries at around 20 percent. Chari, Kehoe, and McGrattan (2002) use a markup estimate of 11 percent based on studies of the United States.


	Estimation of such models generally yields an estimate of the elasticity close to the lower half of this range (For example, see Heathcote and Perri, 2002; Lubik and Schorfheide, 2005; Bergin, 2006).


	Also see Broda and Weinstein (2006), whose estimate of the average trade elasticity for a typical country is 6.8 while that of the median elasticity is 3.4.


	Such a measure is suggested by the standard monopolistic model of trade, which assumes that the elasticity of substitution between varieties is the same regardless of where they are produced. Using this measure, Imbs and Mejean (2009) estimate the average elasticity of substitution between home and foreign goods to be above 6.0. They also argue that the macro level studies underestimate the average elasticity because of heterogeneity bias.


	We also allow θ
                        X
                       to differ from θ
                        M
                      .


	Unlike macro models, trade models do have multiple traded goods, but their empirical analysis has focused on the estimation of trade elasticities for each good rather than on elasticities of substitution between different traded goods.


	For the use of a similar value, see Jomini and others (1991), for example.


	Similar estimates have been used by Global Economy Model (GEM) and Global Integrated Monetary and Fiscal model (GIMF). See, for example, Faruqee and others (2005).


	The tariff rates vary across countries, but tend to be higher for developing countries than for high-income countries. According to recent estimates by Anderson and Martin (2006), the average (import-weighted) tariff rates for developing and high-income countries were 10 and 3 percent, respectively. We use higher than average tariff rates to allow for additional restrictions arising from nontariff barriers.


	Sectors with relatively higher imports are likely to have more tariff and nontariff protection. In high-income countries, for example, agriculture and textiles have been subject to higher restrictions than other goods.


	In view of the foreign counterpart of Equation (8), this assumption implies that the values of χ*
                        MH
                       and χ*
                        XH
                       are very small. Note that for our normalizations and assumptions regarding C̄*
                        MH
                       and C̄*
                        MH
                      , the values of χ*
                        MH
                      C̄*
                        M
                       and χ*
                        XH
                      C̄*
                        X
                       are determined by Equations (10), (28), and (29). However, values of χ*
                        MH
                       and χ*
                        XH
                       can still be made arbitrarily close to zero by choosing sufficiently large values of C̄*
                        M
                       and C̄*
                        X
                      .


	The evidence based on disaggregated trade data (Broda, Limao, and Weinstein, 2008) suggests that larger countries tend to have more market power, which is consistent with our assumption that the substitution elasticities are smaller in the small home country than in the large foreign country. The values of foreign substitution elasticities were chosen to have the implied value of optimal tariff broadly in accord with optimal tariff estimates by Markusen and Wigle (1989) for a small country (Canada) trading with a larger partner (United States).


	The DYNARE program is used to obtain a deterministic steady-state solution to the nonlinear model before and after trade liberalization and to derive the dynamic response of model variables in the transition process.


	Quarter zero represents the initial steady state and quarter one the first quarter after tariff reduction.


	Note that there is no investment in our model and the transactions costs for foreign borrowing or lending (needed to ensure convergence to a unique steady state) are chosen to be sufficiently small to have a negligible effect on the dynamics. If capital accumulation was present or transactions costs were significant, the economy would not move immediately to a new steady state even in the absence of nominal rigidities.


	In the flexible wage-price case, the relative price adjustment does not depend on the monetary policy regime.


	Note that the relative price adjustment under flexible wages and prices can differ from the optimal adjustment because of distortions resulting from the presence of monopoly power in the goods and labor markets. Nevertheless, comparison of relative price behavior with and without wage-price rigidities is suggestive of the inefficient behavior arising from nominal rigidities.


	The reason for the overshooting behavior of the exchange rate in response to tariff reduction is similar to that for the well-known Dornbusch (1976) result that under sticky prices, a permanent increase in the money supply causes the exchange rate to overshoot its equilibrium value.


	In the presence of sector-specific (immobile) capital, the relative marginal cost of good M is an increasing function of its relative output. Note that if labor were the only factor and there were constant returns to scale (a setup often used in macro models), then the relative marginal cost of M would be constant and this additional relative price adjustment would not take place.


	With ɛ
                        M
                      =ɛ
                        X
                      , the markup is the same in both sectors, and thus there is no distortion between the relative price and the marginal rate of transformation (for M and X).


	Aggregate output is defined as NI
                        t
                      /P
                        t
                       (a measure of real GDP in our model).


	Our model can also be used to examine the dynamic effects of devaluations and revaluations under fixed exchange rates and wage-price inertia. In the short run, a revaluation of home currency, like a tariff cut, would make imports cheaper and stimulate their demand. But it would also make exports more expensive and thus have a negative effect on exports unlike the tariff cut. A devaluation would have the opposite effects on trade flows.


	These gains are small but are comparable to results from a class of models with similar steady-state properties and no endogenous growth, scale economies or heterogeneous firms. See, for example, Whalley's (2000) review of CGE models estimating gains from the Uruguay Round.


	The transitional losses associated with fixed exchange rates are especially high relative to steady-state gains for variations 2 and 3.


	We measure the suboptimal price component by calculating the transitional loss under the assumption that households receive a lump-sum transfer equal to the total adjustment costs in each period. The residual transitional loss represents the loss due to adjustment costs.


	Golsov and Lucas (2007), for example, estimate the menu costs of changing prices to be 0.5 percent of revenue.


	Adjustment costs in this case are concentrated over the initial two periods, and equal 2.1 percent in the first and 0.3 percent in the second period.


	In our baseline case, a coefficient of output gap (defined as the log deviation of aggregate output from its steady-state value) close to the price level coefficient of 0.5 nearly eliminates transitional losses. We do not attempt to find coefficients that would maximize total (steady state plus transition) welfare in response to trade liberalization since the design of an optimal rule would also take other shocks into account.


	As our CES indices are not defined for θ=1, we set the lowest value of θ close but not exactly equal to 1.


	As this result occurs at θ<η, it may be thought that the superior performance of fixed exchange rates may be related to this condition. We verified, however, that even if we lower η from 3 to around 1, the fixed exchange rate regime still outperforms the Taylor rule for η<θ<2.


	Our assumption of nominal rigidity in both prices and wages is equivalent to a combination of price stickiness and real wage rigidity. Interestingly, new Keynesian models with menu costs need real wage rigidity in a general equilibrium framework to explain plausible nominal price stickiness in the presence of small menu costs (Romer, 2006, chapter 6).


	These prices are chosen to maximize present discounted value of profits subject to adjustment costs. In deriving the optimal price for foreign firms, we assume that their marginal costs are exogenous to the small home economy.


	In view of Equations (28) and (29), the home terms of trade equal P′
                          TH,t
                        /S
                          t
                        P′*
                          TF,t
                         under PCP, and decrease in S
                          t
                         (given P′
                          TH,t
                         and P′*
                          TF,t
                        , as determined by PCP). The terms of trade under LCP, on the other hand, equal S
                          t
                        P′*
                          TH,t
                        /P′
                          TF,t
                         according to Equations (43) and (44), and increase in S
                          t
                         (given P′*
                          TH,t
                         and P′
                          TF,t
                        , as determined by LCP).


	The transitional losses (in percent of initial steady state consumption) are −0.0046 and −0.033 under fixed exchange rates and the Taylor rule, respectively.


	We consider a 5 percentage point bilateral cut, so that the cuts by both countries add up to 10 percentage points, which would be expected to produce a similar efficiency loss as a 10 percentage point unilateral cut.


	The total and transitional welfare effects for fixed exchange rates are 1.683 and −0.035, respectively. The corresponding values for Taylor rule are 1.690 and −0.027. Note that the results are sensitive to our assumption (motivated by the size difference between the home and foreign countries) that the price elasticity of export demand is larger than that of import demand. If this asymmetry is removed (that is, we let θ
                          M
                        =θ
                          X
                        =θ*
                          M
                        =θ*
                          X
                        =6), the welfare gain decreases in both regimes.
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