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Introduction



The present paper studies the dynamic effects of a temporary increase in government spending on foreign trade. Its aim is twofold. First, it seeks to establish empirically how the exchange rate, the terms of trade and the trade balance (net exports) respond to an exogenous increase in government spending. Second, it rationalizes these responses within a stochastic general equilibrium model which features price rigidities and thus allows for a potentially important role of monetary policy. Based on Vector Autoregressions (VAR), empirical investigations of the dynamic effects of fiscal policy in a closed economy context have recently become more numerous. Attempts have also been made to account for this evidence using different versions of stochastic general equilibrium models, e.g. Fat´as and Mihov (2001), Burnside, Eichenbaum and Fisher (2004) and Gal´ı, L´opez-Salido and Vall´es (2005). Little evidence, however, has been put forward regarding the dynamic effects of government spending on foreign trade. Exceptions are Kim and Roubini (2003) and Giuliodori and Beetsma (2004), who do not, however, explore their empirical findings within a formal theoretical framework. Canzoneri, Cumby and Diba (2003) also provide a VAR analysis of the effects of fiscal policy on foreign trade and, although they analyze their findings within a general equilibrium model, they make the restrictive assumption that trade is always balanced. From a policy perspective, the recent U.S. macroeconomic stance provides a particular motivation to investigate the dynamic effect of fiscal policy on foreign trade in a loose monetary environment. It is often assumed that the current fiscal stance is contributing to the ongoing deterioration of the U.S. trade balance, thus stimulating the global economy at the expense of increased global imbalances, see, e.g. International Monetary Fund (2004). At the same time an accommodating monetary policy stance is generally thought to increase net exports by inducing ‘expenditure switching’ towards domestically produced goods. Hence, the overall effect of the expansionary U.S. fiscal-monetary stance on the U.S. trade balance appears to be unclear. Against this background, this paper takes up these issues both at an empirical and a theoretical level. The empirical analysis is based on a VAR on U.S. time series data for the post-BrettonWoods period. Following Blanchard and Perotti (2002), the baseline specification identifies government spending shocks by assuming that government spending does not contemporaneously respond to the other variables included in the VAR. The main results of the empirical analysis, which are found to be robust across various specifications, can be summarized as follows: a temporary increase in government spending depreciates the nominal exchange rate, appreciates the terms of trade and increases net exports. The latter finding may appear surprising, given that a strand of the literature has established a positive relationship between fiscal and trade deficits on the basis of single equation techniques, e.g. Summers (1986) and 2



Roubini (1988).1 More recently, however, Gruber and Kamin (2005) employing a similar methodology were not able to detect a significant effect of the fiscal balance on the current account. Moreover, Kim and Roubini’s VAR study also finds that fiscal expansions tend to increase the current account. The theoretical analysis is based on a model that belongs to a recent class of stochastic general equilibrium models for open economies which also feature sticky prices, see, for example, Benigno and Benigno (2003), Chari, Kehoe and McGrattan (2002) and Gal´ı and Monacelli (2005). The model is formulated in discrete time and linearized around a nonstochastic steady state. In such a framework an exogenous increase in government spending generates dynamic effects comparable to those identified in the data by means of a VAR. The main results of the theoretical analysis are as follows. First, because of home bias in government spending, the terms of trade appreciate after an exogenous increase in government spending. Next, the relative size of the elasticities of intertemporal and intratemporal substitution, together with the degree of home bias in private spending, are key for the sign of the response of the trade balance. If the elasticity of intertemporal substitution is high relative to the elasticity of intratemporal substitution, net exports will increase after an increase in government spending if private spending is substantially home biased.2 Second, regarding the role of monetary policy, the sign of the response of the terms of trade and the trade balance is shown to be independent of the interest feedback rule. However, monetary policy in the home country is found to be accommodative and thus to dampen the effect of the fiscal shock both on the terms of trade and the trade balance by depreciating the nominal exchange rate relative to the flexible price allocation. The remainder of the paper is organized as follows. In the next section, evidence on the dynamic effects of government spending is obtained by means of a VAR on U.S. time series data. Section 3 describes the theoretical model, while Section 4 provides some analytical insights into the transmission of fiscal shocks as well as a numerical solution of the model. Section 5 concludes. 1



These findings are consistent with earlier theoretical work. In the standard one-good intertemporal model of the current account, a temporary increase in government spending lowers net exports, see Ahmed (1986) for a seminal study and Kollmann (1998) for an exploration within a two-country RBC model. In the MundellFleming model with flexible exchange rates and perfect capital mobility a fiscal expansion in the home country increases domestic demand for both home and foreign goods thereby reducing net exports, see the discussion in Svensson (1987). 2 The role of these elasticities for the international transmission of policy shocks has also been highlighted by Svensson (1987), Van der Ploeg (1993), and Tille (2001). However, for different reasons these models are less suitable for a comparison with the VAR evidence obtained in the first part of the present paper. One common feature in Svensson and Tille is that prices or wages are assumed to be set one period in advance. This implies that these models distinguish between the short run and long run effects of a policy shock, but do not allow to study the gradual adjustment to shocks. Van der Ploeg sets up his model in continuous time.
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The Evidence



Before turning to the estimation of a VAR model on U.S. time series data, I note that there is a large body of literature investigating the relationship between fiscal and trade deficits on the basis of single equation techniques. Summers (1986), Roubini (1988) or, more recently, Chinn and Prasad (2003) are examples. By and large, these studies helped to establish the notion that about a third of an increase in the budget deficit is reflected in a trade deficit. Generally, however, the results emerging from this strand of the literature vary considerably. Gruber and Kamin (2005), for instance, find the effect of budget deficits on the trade balance to be small and insignificant, see also Bussi`ere, Fratzscher and M¨ uller (2005) who provide a short discussion of this literature. In contrast, only few empirical studies have investigated the dynamic effects of fiscal policies on foreign trade within a VAR framework. There is some VAR-based evidence that fiscal expansions affect exchange rates and foreign trade. Clarida and Prendergast (1999) consider an increase in the structural deficit in Germany, Japan and the U.S. and find that the real exchange rate appreciates on impact, while this effect is reversed later. Canzoneri, Cumby and Diba (2003) also find a real appreciation of the dollar after an increase in U.S. government spending. In addition, they observe a positive effect on foreign GDP. In contrast to these studies, Kim and Roubini (2003), using U.S. data, find the real exchange rate to depreciate after a fiscal expansion and the current account to increase.



2.1



Baseline Specification



These studies provide the starting point for the following analysis and motivate the choice of variables included in the VAR. Instead of the real exchange rate, I include both the nominal exchange rate and the terms of trade. The terms of trade are more likely to capture the cross-border substitution process induced by fiscal expansions as they provide a measure for the relative price of tradables only. The nominal exchange rate is included to account for monetary phenomena during the transmission of fiscal shocks. Finally, I include the trade balance (net exports) as a summary statistic for the effects of fiscal policy on foreign trade.3 In addition, I include a measure for output and prices in the VAR, both to control for endogenous adjustment of government spending in response to cyclical conditions as well as to investigate the fiscal transmission mechanism more generally. Specifically, adjustments of the trade balance may to a large extent reflect changes in GDP and its components triggered by the government spending shock. Therefore, the responses of private consumption and 3



Contrary to the current account, net exports do not include interest payments on national debt. However, in the U.S. both measures move closely together at business cycle frequencies, since the stock of debt adjusts very slowly and interest rates are not too volatile, see Baxter (1995). The advantage of net exports over the current account is that the former have a well defined theoretical counterpart, independently of assumptions regarding the structure of international financial markets.
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investment to a spending shock, as well as the response of the sum of both variables, labeled ‘private spending’, will be investigated. Against this background the baseline VAR includes six variables: the log of real government spending per capita, the log of real private spending per capita (private consumption plus investment), the log of the GDP deflator, the log of the nominal exchange rate, the log of the terms of trade and a sixth changing variable. For the latter I consider, in turn, net exports (scaled by GDP), the log of real private investment per capita and the log of real private consumption per capita. The baseline specification includes four lags of each endogenous variable, a constant and a linear time trend. For the estimation, U.S. quarterly data from the post-Bretton-Woods period (1973:1 - 2005:3) are used. Appendix A describes the construction of the data. In order to identify an exogenous shock to government spending, it is assumed that government spending does not respond contemporaneously to changes in the other variables included in the VAR. This assumption goes back to Blanchard and Perotti (2002) and Fat´ as and Mihov (2001) and is now widely used in the VAR literature on fiscal policy. Technically this identification scheme can be implemented through a Choleski factorization of the residual covariance matrix where the ordering of the variables corresponds to the order in which they were introduced in the previous paragraph. Below, I provide a sensitivity analysis of the results obtained under the baseline identification scheme by allowing for a contemporaneous effect of prices on real government spending. Figure 1 displays the responses to a fiscal shock, i.e. a one percent increase in government spending. While the solid line gives the point estimates, the shaded area gives the 95 percent confidence interval.4 Government spending (panel a) rises significantly and persistently, with a half-life of about six quarters. Initially, private spending displayed in panel b increases mildly, but not significantly and starts to decline after six quarters. A significant negative effect is observed after about four years. Panel c displays the response of the price level which declines following the government spending shock. The dynamics of government spending, private spending and prices are broadly in line with the findings in VAR studies focusing on closed economy issues, e.g. Perotti (2005).5 4



Confidence intervals are based on Hall’s bootstrap procedure. This procedure has a built-in bias correction, see Benkwitz, L¨ utkepohl and Neumann (2000). Note that the bias correction is only implemented with respect to the confidence interval and not with respect to the point estimate. Therefore, an upward (downward) bias in the point estimate is indicated to the extent that a point estimate lies closer to the upper (lower) bound of the confidence interval. However, this does not necessarily reflect a small sample bias in the OLS estimates of the VAR coefficients, but may be due to the non-linearity in the mapping from the VAR coefficients to the impulse response functions. The estimation of all specifications of the VAR model as well as the bootstrap procedure was performed using the JMulTi software package. 5 In particular, a fall in the price level is also reported by Mountford and Uhlig (2004) in response to a deficit financed government spending shock. Perotti shows that the negative effect of government spending on prices becomes weaker if a non-zero price elasticity of government spending is assumed in order to identify spending shocks. Linneman and Schabert (2003) argue on the basis of a closed economy model that the effect
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Figure 1: Dynamic effects of a U.S. government spending shock (1973:1-2005:3). The solid line gives the point estimate of the response to a one percent increase in government spending. Shaded areas indicate bootstrapped 95 percent confidence intervals. Vertical axes indicate deviations from unshocked path. Net exports: percentage points of GDP. Other variables: percent. Horizontal axes indicate quarters.
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Panels d-f display the dynamic effects of a temporary increase in government spending on the variables which characterize external trade. The nominal exchange rate (panel d) depreciates on impact and this effect becomes stronger and significant after six quarters. The terms of trade displayed in panel e, on the other hand, appreciate sharply on impact, with the peak response in the fourth quarter. They are back at the pre-shock level after six quarters. Finally, panel f shows that net exports increase significantly on impact and remain above trend for an extended period. The increase is small, but economically non-negligible: an increase in government spending by one percent increases the ratio of net exports to GDP by about 0.1 percentage points. This result is in line with the finding of Kim and Roubini (2003) whereby expansionary fiscal shocks generally tend to increase the current account. In order to get a better idea of the dynamics underlying the response of private spending, panels g and h display the responses of private investment and consumption, respectively. Private investment is depressed throughout, while consumption increases gradually and reaches a peak of about 0.2 percent after five quarters. A decline in investment is also reported in Perotti (2005) for a post-1980s sample and is in line with the prediction of standard models of international business cycles, e.g. Backus, Kehoe and Kydland (1994). Also the increase in private consumption has been noted before, e.g. Blanchard and Perotti (2002). However, this finding has been the focus of a considerable debate, since standard business cycle models predict a fall in private consumption in response to a government spending shock. Gal´ı, L´opez-Salido and Vall´es (2005), for example, suggest to rationalize the increase in consumption through the presence of rule-of-thumb consumers in the New Keynesian closed economy model. Of course, a modification of the New Keynesian two-country model along these lines complicates its dynamics considerably. Therefore, in order to maintain the analytical tractability of the theoretical model below, I will focus on the aggregate response of the private sector, i.e. private spending, to a government spending shock together with the responses of the nominal exchange rate, the terms of trade and the trade balance. Before turning to a variety of robustness tests regarding the responses of these variables, note that the dynamics characterizing the transmission of spending shocks according to the VAR model provide some guidance for the theoretical exploration: during the first four to six quarters after the shock, the increase in the trade balance is accompanied by a mild increase in private spending and a sharp appreciation of the terms of trade. However, after about six quarters, private spending starts to decline while the terms of trade have largely returned to the pre-shock level. This suggests that changes in relative prices as well as the ‘crowdingout’ of private spending are important determinants underlying the increase of net exports in response to a government spending shock. of government spending on prices ultimately depends on the relative importance of the supply (i.e. wealth) effect and the demand effect (i.e. the degree of price rigidity). In the present paper, in contrast, it is the open economy dimension which may provide an alternative rationale for the fall in prices.
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2.2



Sensitivity Analysis



Criticism of VAR studies is often based on the observation that auxiliary assumptions regarding, for instance, the underlying trends in the analyzed time series are critical for the results, see, e.g. Cooley and Dwyer (1998).6 Therefore I explore the robustness of the results allowing for alternative specifications of the trend, the inclusion of additional/alternative variables and an alternative identification scheme. In the light of difficulties to distinguish clearly between stochastic and deterministic trends on the basis of formal tests, Blanchard and Perotti (2002) base their analysis on both specifications. Also, in case of stochastic trends it is hard to establish clear evidence in favor of cointegration where suggested by economic theory (as in the case of taxes and government spending). Clearly, in the present case where interest is not centered on the cointegration relationship it might be sensible to resort to the level specification which can accommodate stochastic trends as well. I follow Perotti (2005) and consider the following alternatives to the baseline specification: i) quadratic trend; ii) levels; iii) stochastic trend;7 and iv) a stochastic trend with cointegration between spending and taxes (for that purpose taxes are included in the VAR). The left column of Figure 2 (panel a-d) displays the results for the variables of interest, where the shaded area gives the 95 percent confidence interval of the baseline specification (linear trend). For all specifications the qualitative predictions of the VAR model are broadly in line with those of the baseline specification, except for the response of the terms of trade once a stochastic trend is assumed. Note also that the fall in private spending is generally more pronounced than in the baseline specification. Next, variables that have been left out under the presumption that they do not affect the response of the variables of interest to a temporary increase in government spending are included in the VAR. As a seventh variable I include, in turn, the 10-year nominal interest rate and net taxes. For the identification of the exogenous spending shock, both variables are also assumed not to affect government spending contemporaneously. In a third experiment I replace real government spending in the baseline specification with the sum of government spending and gross government investment deflated with the GDP deflator in order to assess whether the choice of deflator has any effect on the results. Finally, a last aspect concerns the 6 Cooley and Dwyer use artificial data obtained from a calibrated general equilibrium model to illustrate this point. Specifically, the dynamic effects of shocks identified by the VAR model on the basis of longrun restrictions vary considerably from the true effects. Meier (2005) uses a similar approach, but employs short-run restrictions to identify shocks in the VAR model. He finds that the VAR captures the dynamics of the theoretical model quite well. Against this background, note that my VAR model identifies government spending shocks on the basis of short-run restrictions. Using the theoretical model outlined below as a data generating process, I also find that the VAR is very much able to uncover the true dynamics induced by a government spending shock. Results are available on request. 7 First differences of the variables are used in the regression and the accumulated impulse responses are reported. No allowance, however, is made for changes in the underlying drift as in Blanchard and Perotti (2002).



8



a) private spending



e) private spending



quadratic levels stoch. trend coint.



0.5



0



0



−0.5



−0.5



0



5



10



15



interest rate gdp deflator taxes identification



0.5



20



0



5



b) exchange rate



10



15



20



15



20



15



20



15



20



f) exchange rate



3



3



2



2



1



1



0



0



−1



−1



−2



−2



−3



−3 0



5



10



15



20



0



5



c) terms of trade



10



g) terms of trade



1.5



1.5



1



1



0.5



0.5



0



0



−0.5



−0.5



−1



−1



−1.5



−1.5 0



5



10



15



20



0



5



d) net exports



h) net exports



0.3



0.3



0.2



0.2



0.1



0.1



0



0



−0.1



−0.1



−0.2



−0.2



−0.3



−0.3 0



5



10



10



15



20



0



5



10



Figure 2: Robustness of responses of key variables to a government spending shock. Shaded areas indicate bootstrapped 95 percent confidence intervals of baseline specification, see figure 1. Panel a-d: alternative trend specifications. Panel e-h: alternative/additional variables and alternative identification scheme.
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identification of an exogenous shock to government spending. So far, a shock to government spending has been identified by assuming that government spending does not contemporaneously respond to the other variables included in the VAR. This assumption may be somewhat restrictive with respect to the price level. Perotti (2005) argues that depending on the degree of indexation of government spending, it might be reasonable to assume that real government spending falls if the price level increases. Only if government spending were fully (and without a lag) indexed to inflation, the zero restriction would be fully appealing. Therefore, I follow Perotti and consider the identification of an exogenous increase in government spending based on the assumption that the price elasticity of real government spending is −0.5 (instead of zero in the baseline case). The right column of Figure 2 displays the results of all four experiments showing that the responses are located within the confidence intervals of the baseline specification.
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The Model



To rationalize the evidence obtained from the VAR a two-country general equilibrium model is proposed.8 Because of the significant response of relative prices to an exogenous increase in government spending, I assume that both countries supply distinct goods to the world market thereby giving an important role to the intratemporal allocation of private spending. Specifically, both countries are populated by a continuum of households which allocate expenditures intra- and intertemporally across differentiated goods provided by individual households. In setting prices for these goods, households are exogenously constrained `a la Calvo. Fiscal policy is characterized by an exogenous process for government spending financed entirely through lump-sum taxes. Private spending is biased towards domestically produced goods, while government spending falls entirely on domestic goods. Monetary policy is characterized by an interest rate feedback rule. Regarding the structure of international financial markets, I distinguish the case where financial markets are complete at the international level from a set-up where only non-state-contingent bonds are traded across countries. Since the countries are symmetric, I focus the exposition on the home country using the following notation: foreign variables within the home economy are indexed by the subscript ‘F’, while foreign variables in the foreign economy are indexed by a star.



3.1



Intratemporal expenditure allocation



A generic home household i, with i ∈ [0, 1] , purchases a composite good, Ct , and provides a differentiated good, Yt+k (i), to the world market. The objective of the household is to 8 The model belongs to a class of stochastic general equilibrium models which combine optimization behavior at the micro-level with price stickiness to address problems of the open economy, see, e.g. Benigno and Benigno (2003), Chari, Kehoe and McGrattan (2002) and Gal´ı and Monacelli (2005).
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maximize Et



(∞ X



) k



β [u (Ct+k ) − v (Yt+k (i))] ,



(1)



k=0



where 0 < β < 1 is the time discount factor. The period contribution of utility u is assumed to be concave and increasing. The period contribution of disutility v is assumed to be convex and increasing. Et denotes expectations conditional on the information available at date t. In principle, it is convenient to think of Ct as purchases of nondurable consumption goods and to abstract from issues related to capital accumulation. To the extent, however, that the model is set up to rationalize the empirical evidence reported above, the amount of purchases of the composite good Ct is meant to represent private spending, i.e. the household’s purchase of investment goods as well as durable and non-durable consumption goods. Under this interpretation the household experiences direct utility from investment goods as, for example, in Rotemberg and Woodford (1997) or Amato and Laubach (2003). This simplification allows to derive analytical insights into the transmission of government spending shocks in section 4 below. The composite good Ct is an aggregate of home and foreign bundles of differentiated goods, CH,t and CF,t , respectively, such that ¸ ε · ε−1 ε−1 ε−1 1 1 ε ε ε ε Ct = θ CH,t + (1 − θ) CF,t , where ε > 0 provides a measure for the intratemporal elasticity of substitution between the home and foreign good and θ ∈ [0.5, 1] measures the home bias in private spending. Consequently, the domestic and foreign composite goods differ for all θ > 1/2. Home and foreign goods are bundled according to the CES technology µZ CH,t =
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where CH,t (j) and CF,t (j) denote differentiated goods produced by household j ∈ [0, 1] in home and foreign, respectively. µ > 1 denotes the price elasticity of demand for differentiated output goods. PH,t (j) and PF,t (j) are the price (denoted in home currency) of domestic good j and foreign good j, respectively. The price indices for home and foreign good bundles are ³R ´ 1 ³R ´ 1 1−µ 1−µ 1 1 defined as PH,t = 0 PH,t (j)1−µ dj and PF,t = 0 PF,t (j)1−µ dj . The price index for private spending is given by i1/(1−ε) h 1−ε 1−ε + (1 − θ) PF,t . Pt = θPH,t



(2)



Let St denote the nominal exchange rate, i.e. the price of foreign currency in terms of domestic currency. While the law of one price holds, i.e. ∗ St = PH,t /PH,t ,



11



(3)



purchasing power parity does not hold for θ > 1/2. For future reference it is also useful to define the terms of trade as the relative price of foreign goods to domestic goods τ˜t = PF,t /PH,t .



(4)



Since government spending, Gt , is assumed to fall entirely on domestic goods, an optimal allocation of expenditure implies that the demand for a generic home good, YtD (j), is given by



µ YtD (j) =
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(5)



denote the bundle of differentiated goods



produced in the home country, which corresponds to domestic output. Finally, the trade balance, T Bt , is defined as exports less imports PH,t T Bt = Pt
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(6)



Financial markets



Two different structures of financial markets are considered. In both cases financial markets are complete within countries. This assumption introduces homogeneity of households within a country with respect to expenditure decisions as households can perfectly insure the risk resulting from the price setting decisions discussed below. However, in the first case, international financial markets are complete as well, while in the second case, only non-statecontingent bonds are traded across countries. In the first case, financial markets are complete, both at the domestic and the international level and the set of state-contingent assets is denoted in domestic currency. Letting Qt,t+1 denote the stochastic discount factor used to price the portfolio At+1 in period t, the budget constraint of a representative home household is given by Pt Ct + Et {Qt,t+1 At+1 } + Tt = At + PH,t Yt ,



(7)



where Tt denotes lump sum taxes. Ruling out Ponzi schemes, the maximization of (1) subject to (7) gives β



u0 (Ct+1 ) Pt = Qt,t+1 , u0 (Ct ) Pt+1



(8)



which holds in each possible state. Defining the short-term nominal interest rate as Rt−1 = Et {Qt,t+1 } and taking expectations of (8) gives the Euler equation ¾ ½ 0 u (Ct+1 ) Pt = Rt−1 . βEt u0 (Ct ) Pt+1 12



(9)



As analogous relationships hold for the foreign economy, one obtains the risk sharing condition u0 (Ct∗ ) = k



St Pt∗ 0 u (Ct ), Pt



(10)



where k is a constant, see Chari, Kehoe and McGrattan (2002). Intuitively, complete international financial markets allow perfect risk-sharing such that the marginal utility of private spending, weighted by the real exchange rate, St Pt∗ /Pt , is equalized across countries. If home and foreign goods have equal weight in private spending, purchasing power parity holds, the real exchange rate is constant and private spending is equal across countries. If θ > 1/2, an increase in the price of domestic goods induces an appreciation of the real exchange rate and requires that private spending falls in the home country relative to the foreign country in order for (10) to hold. In the second case international financial markets are incomplete, such that only non-statecontingent bonds are traded across countries. As in Benigno (2001), households can allocate their wealth between a bond denominated in domestic currency, BH,t , and one denominated in foreign currency, BF,t . In order to ensure stationarity, the domestic household is assumed to face portfolio costs which are proportional to the position in the bond denominated in 2 foreign currency, ψSt BF,t+1 /(2Pt ), as discussed in Schmitt-Groh´e and Uribe (2003). The



budget constraint of a representative home household is given by St BF,t+1 BH,t+1 ψ 2 + + St BF,t+1 + Pt Ct + Tt = BH,t + St BF,t + PH,t Yt . Rt∗ Rt 2



(11)



Maximization of (1) with respect to (11) also implies the Euler equation (9), but instead of the complete risk-sharing condition (10), the solution to the household problem with respect to foreign bond holdings now requires that 1 + ψBF,t+1 = βEt Rt∗



½



U 0 (Ct+1 ) Pt St+1 U 0 (Ct ) Pt+1 St



¾ .



(12)



In the following, it is assumed that bonds denominated in domestic currency are in zero net supply within the home country.



3.3



Price setting



Given monopolistic competition in the goods market and the resulting downward-sloping demand functions, the price setting mechanism plays a crucial role for the real allocation of goods. It is assumed that price setting is constrained exogenously by a discrete time version of the mechanism suggested by Calvo (1983). In each period a generic household j has the opportunity to change its price with a given probability 1− α, independently of previous price adjustments. If allowed to set a new price PH,t (j) in period t the household takes Pt , PF,t, PH,t 13
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subject to the demand function (5) . Λt,t+k denotes the intertemporal marginal rate of substiD (j) are evaluated using the marginal utility of income tution. Note that revenues PH,t (j) Yt+k



u0 (Ct+k )/Pt+k , which is identical to all households as a result of complete income insurance within the country. The first order condition to this problem is given by Et
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(13)



Note that if prices are fully flexible, i.e. α = 0, the price is set to earn the household a constant mark-up over ‘marginal costs’ PH,t (j) =



3.4



µ v 0 (YtD (j)) Pt . µ − 1 u0 (Ct )



Policy



The government budget is balanced in each period, i.e. Tt = PH,t Gt , and government spending follows an exogenous AR(1) process Gt /G = (Gt−1 /G)ρ exp ut ,



(14)



where 0 < ρ < 1, and ut represents an i.i.d. government spending shock with constant variance. Letters without time-subscript refer to steady state values such that g = G/Y denotes the steady state share of government spending. Monetary policy is characterized by an interest feedback rule such that the nominal interest rate is adjusted in response to inflation and the output gap, ³ ´φyˆ Rt /R = (Pt /Pt−1 )φπ Yt /Ytf ,



(15)



where Ytf denotes output that would prevail if prices were fully flexible.



3.5



Equilibrium



Given an initial allocation of BF,0 , an exogenous process for government spending Gt and the flexible price output Ytf , an equilibrium for the economy is defined by a sequence for domestic producer price inflation, PH,t /PH,t−1 , foreign producer price inflation, PF,t /PF,t−1 , consumer price inflation, Pt /Pt−1 , the nominal interest rate, Rt , private spending, Ct , actual output, Yt , as well as their foreign counterparts. In addition, a path for the nominal exchange 14



rate, St , the terms of trade, τt , the trade balance, T Bt and the stock of debt, BF,t defines the equilibrium. These sequences have to satisfy the following conditions both in home and foreign: the Euler equation (9) and the appropriate transversality condition, the first order condition for price setting (13) , the definition of consumer price inflation implied by (2) , the law of one price (3), the goods market clearing conditions and the interest rate feedback rule (15) . In addition, the definition of the trade balance (6) and the terms of trade (4) are used to characterize the equilibrium. Finally, under complete financial markets the non-statecontingent bond is redundant and the risk sharing condition (10) is required to hold, whereas under incomplete financial markets the domestic budget constraint (11) and condition (12) determine the equilibrium allocation. The model will be analyzed in a form log-linearized around a deterministic steady state characterized by zero inflation, balanced trade and a zero net foreign asset position, see appendix B for details.



4



Government spending and foreign trade



Turning to the solution of the linearized model, lower case letters are used to denote logdeviations from steady state. In order to investigate the transmission channels of fiscal shocks as well as the role of monetary policy for the equilibrium outcome analytical expressions will be derived under simplifying assumptions in the next subsection. These will be relaxed afterwards when the model is solved numerically.



4.1



Some analytical insights



A natural benchmark for the equilibrium outcome is given by the allocation that would prevail under flexible prices. Benigno and Benigno (2003) show that such an allocation is the equilibrium outcome in a two country model if monetary policy, both in home and foreign, maintains producer price stability. In the following, this allocation is referred to by means of a superscript ‘f’. In this case households will have no incentive to adjust their prices in response to shocks occurring at the country level. The adjustment to shocks is achieved entirely through the nominal exchange rate.9 The following statement summarizes this result. The derivation is given in the appendix together with the other results that follow. Result 1 (Flexible price allocation) If international financial markets are complete and monetary policy maintains producer price stability in both countries, an exogenous increase in domestic government spending induces a fall in the terms of trade and the nominal exchange rate by the same amount τtf = sft = − (g/ξ) gt . 9



Note that this mechanism constitutes the case for flexible exchange rates in Friedman (1953).
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Note that ξ is a positive constant which decreases in the elasticity of the marginal disutility of producing output with respect to an increase in output, ω = v 00 Y /v 0 , but increases in the inter- and intratemporal elasticity of substitution, σ = −u0 /u00 C and ε, respectively, see expression (31) in the appendix. A fall in the terms of trade reflects an increase in the price of domestic goods relative to foreign goods. Intuitively, this is the consequence of the home bias in government spending. Note that this home bias need not be complete as in the present model, see, e.g. Backus, Kehoe and Kydland (1994). Moreover, if the provision of output is costly (high ω) and the elasticities of substitution are low (low σ and ε), a larger response of the terms of trade (low ξ) is required in order to induce a reallocation of resources in response to an exogenous increase in government spending. Result 1 characterizes the flexible price allocation and provides a benchmark for an evaluation of the response of the terms of trade in case monetary policy does not maintain producer price stability, but instead is characterized by an interest rate feedback rule as given by equation (15). For the moment it is convenient to consider a simplified interest rate feedback rule where interest rates are adjusted only in response to producer price inflation. Let φπ denote the elasticity of the interest rate with respect to producer price inflation and κ the slope of the New Keynesian Phillips curve derived from the linearized price setting problem (13). Then one obtains the following result. Result 2 (Sticky price allocation) If international financial markets are complete and monetary policy adjusts the interest rate in response to producer price inflation, both in home and in foreign, the equilibrium is determinate if φπ > 1. If, in addition, government spending shocks display no persistence (ρ = 0) , an exogenous increase in domestic government spending induces a fall in the terms of trade that is smaller than in the flexible price allocation (and identical for φπ → ∞): τt = − [g/ (ξ + 1/ (ωκφπ ))] gt . The nominal exchange rate depreciates in the long run, but falls on impact. Intuitively, monetary policy by adjusting interest rates in response to producer price inflation, is accommodating the fiscal shock in the home country relative to the benchmark case where producer price stability is maintained. This is reflected in the path of the nominal exchange rate. A measure for the monetary stance during the transmission of fiscal shocks is provided by the natural interest rate, i.e. the real interest rate that is consistent with the flexible price allocation, see Woodford (2003, p. 248). Therefore it is instructive to solve for the difference in the real interest rate between home and foreign and compare this actual interest rate differential with the natural interest rate differential. In fact, the actual interest rate differential derived in the appendix, (2θ − 1) [g/ (ξ + 1/ (ωκφπ ))] gt , is smaller than the natural interest rate differential, (2θ − 1) (g/ξ) gt , except for φπ → ∞. Home monetary policy is thus accommodating the fiscal expansion as it prevents the real interest rate differential 16



from increasing to the same extent as in the flexible price allocation (under producer price stability). Note also that in the absence of home bias, θ = 1/2, the interest rate differential is zero and the dynamic adjustment of private spending is identical in both countries. While an increase in domestic government spending unambiguously increases the prices of home goods relative to foreign goods, the response of the trade balance relative to steady state output eventually depends on the relative size of the inter- and intratemporal elasticity of substitution, σ and ε, respectively, and the degree of home bias in private spending, θ. This is established in the following result. Result 3 (Trade balance) If international financial markets are complete and government spending shocks display no persistence (ρ = 0) , the response of the trade balance to an exogenous increase in domestic government spending is positive if 1 + (2θ − 1) σ > 2θε. This is true for both the flexible and the sticky price allocation. Regarding the latter case, the weaker the response of monetary policy to producer price inflation, the weaker the response of the trade balance. The response is strongest in case of producer price stability (flexible price allocation). To understand the condition for an increase in the trade balance, 1 + (2θ − 1) σ > 2θε, note that three channels determine the response of the trade balance: i) a value channel - if domestic goods become more expensive relative to foreign goods, the value of exports increases and the value of imports falls; ii) a risk-sharing channel - the term (2θ − 1) σ determines the private spending differential induced by changes in the terms of trade under efficient risksharing (approximation to equation (10)). If private spending is home biased and domestic goods become more expensive relative to foreign, efficiency requires that the level of domestic private spending falls relative to foreign, i.e. private spending is ‘crowded out’ in the home country relative to the foreign country. The stronger the home bias and the intertemporal elasticity of substitution of private spending, the larger the ‘crowding out’ relative to foreign, and eventually the amount of resources transferred from the home country to the foreign country. This effect is absent if private spending has equal shares of home and foreign goods in both countries, i.e. if θ = 0.5; iii) a substitution channel - the term 2θε reflects that the composition of private spending also changes in response to a terms of trade appreciation. The higher the home bias and the higher the intratemporal elasticity of substitution between the home and foreign good, the stronger the ‘expenditure switching’ from domestically produced goods to foreign goods. While an increase in the relative price of domestic goods has a positive effect on the trade balance through the value and the risk-sharing channel, it has a negative effect through the substitution channel. Hence, if the effects working through the first two channels dominate the third, the trade balance increases. As a result, for a given degree of home bias, the trade 17
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Figure 3: Graphical representation of result 3. The surface gives parameter combinations for which a shock to government spending has no effect on the trade balance; for combinations below the surface the trade balance increases.



balance is likely to increase in response to a government spending shock if the intratemporal elasticity is low relative to the intertemporal elasticity of substitution of private spending. Figure 3 provides a graphical representation of this result. For combinations of the inter- and intratemporal elasticity of substitution, σ and ε, respectively and the degree of home bias, θ, below the depicted surface, the trade balance increases in response to a government spending shock. The range of plausible parameter values is discussed in the numerical analysis below. Note finally that the sign of the response of the trade balance to a government spending shock does not depend on the monetary regime. However, the monetary regime matters for the strength of the response of the terms of trade and therefore indirectly for the quantitative effect of government spending on the trade balance. An accommodating monetary policy dampens the effect of a government spending shock on the trade balance.



4.2



Numerical analysis



So far, the analysis has been limited by the assumption that i) government spending shocks are not persistent, ii) international financial markets are complete and iii) the nominal interest rate is adjusted only in response to producer price inflation. These assumptions may appear somewhat restrictive, given that the fiscal shock identified in the data displays a high degree of persistence, that complete financial markets provide full insurance against country-specific 18



shocks and that monetary policy is often characterized by an interest rate feedback rule that responds to consumer price inflation and the output gap. Therefore, I investigate whether the above results also hold for persistent shocks to government spending, incomplete financial markets and a characterization of monetary policy by the Taylor rule. The model is solved numerically on the basis of the generalized Schur decomposition as discussed by Klein (2000). Before turning to the results, parameter values have to be assigned. A time period in the model corresponds to one quarter and β is set to 0.99. The share of government spending is fixed at 20 percent, the long-run average in the data. The degree of autocorrelation in public spending is set to ρ = 0.9, which is suitable to generate the persistence of the spending shock identified in the VAR. The share of imports in U.S. GDP is approximately 10 percent in the period 1973 - 2005. Given that government spending falls only on domestic goods in the model, this implies θ = 0.875. The elasticity of the marginal disutility of producing output with respect to an increase in output, ω, is set to 0.47, the value found in Rotemberg and Woodford (1997). The price elasticity of demand µ is set to six, implying a steady state mark-up of 20 percent. Regarding the average frequency of price adjustments, α is set to 0.75 which implies that prices are adjusted on average once a year. To parameterize portfolio costs ψ is set to 0.0074, as in Schmitt-Groh´e and Uribe (2003). The coefficients in the interest rate feedback rule (15) are set to φπ = 1.51 and φyˆ = 0.77/4, i.e. the estimates by Taylor (1993). Note that the results obtained below are fairly robust with respect to variations of the parameter values discussed in the previous paragraph. In contrast, given home bias in private spending, the relative size of the inter- and intratemporal elasticity of substitution is crucial for the response of the trade balance. Unfortunately, there is substantial uncertainty regarding appropriate values for these elasticities. Corsetti, Dedola and Leduc (2004) provide a detailed discussion of recent evidence regarding the intratemporal elasticity of substitution. I set ε = 0.9 in the baseline case, corresponding to the estimate reported by Heathcote and Perri (2002). Given the central role of this parameter, results for ε = 3 are reported as well. Regarding the intertemporal elasticity of substitution, values around one are often employed in calibrated macroeconomic models for consumption, while the empirical literature has suggested rather lower values, see Guvenen (2005) for a recent discussion. However, in the present paper σ measures the intertemporal elasticity of private spending which is likely to be more interestsensitive as it also includes investment. I therefore assume σ = 3.84, the value reported by Amato and Laubach (2003). This seems the appropriate choice, given that these authors estimate a structural model where the households’ choice over the intertemporal allocation of goods also includes investment as in earlier work by Rotemberg and Woodford (1997) who find a somewhat higher value. Figure 4 displays the responses of key variables to a temporary increase in government spending. In the baseline specification, international financial markets are incomplete, mone-
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Figure 4: Effects of a government spending shock in the two-country model. Responses to a one percent increase in government spending are displayed for various specifications of the two-country model. Vertical axes indicate deviations from steady state. Net exports: percentage points of steady state output. Other variables: percent. Horizontal axes indicate quarters.
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tary policy follows a Taylor rule and the intratemporal substitution between home and foreign goods is relatively limited (solid line). Three alternatives are considered, where, in turn, one feature of the baseline case is altered. First, in order to assess the role of monetary policy, the case of producer price stability is considered. Note that, as argued above, the resulting allocation would prevail under flexible prices (dotted line). Next, in order to assess the role of international financial markets, the case of complete risk sharing across both countries is considered as well (broken line). Recall that under this assumption the analytical results have been derived above. Finally, the intratemporal elasticity of substitution between the home and foreign good is assumed to be high (solid line with plus sign), i.e. ε = 3 instead of 0.9. Government spending is assumed to be exogenous. Its response is therefore unaffected by variations of the baseline specification (panel a). Panel b shows the response of private spending which in all four experiments falls on impact by 0.11 − 0.14 percent relative to its steady state level. Private spending is thus ‘crowded out’ by the increase of government spending, irrespectively of whether international financial markets are complete or whether only nonstate-contingent bonds are traded across countries. While under complete financial markets the burden of the increase in government spending is equally shared across countries, under incomplete financial markets the appreciation of the terms of trade provides implicit insurance against government spending shocks. Therefore the fall in private spending is quantitatively similar across asset market structures, see Cole and Obstfeld (1991) for a general discussion. Panel c displays the response of the price level which declines on impact, but starts to increase after about 2-3 quarters except if monetary policy maintains producer price stability. In this case the price level falls throughout as a result of complete exchange rate pass-through. A comparison of the baseline response and the response under price stability indicates that the Taylor rule implies a relatively accommodating monetary policy stance. This is reflected in the response of the nominal exchange rate which depreciates relative to the price stability scenario as shown in panel d. Similarly, panel e shows that the endogenous response of monetary policy mitigates the appreciation of the terms of trade relative to the price stability case. Finally, in all cases except when the intratemporal elasticity of substitution between the home and foreign good is high, net exports increase in response to a government spending shock, see panel f. Here the numerical analysis is in line with result 3 of section 4, which established (for ρ = 0) that the trade balance increases in response to a spending shock as long as 1 + (2θ − 1)σ > 2θε. For a given intertemporal elasticity of substitution and a given home bias, this inequality does not hold for high values of the intratemporal elasticity of substitution. Recall that an appreciation of the terms of trade induces temporary substitution towards foreign goods, increasing their share in private spending in both countries. This effect is stronger, the higher the intratemporal elasticity of substitution and dominates the revaluation of trade flows and the fall in private domestic spending in case ε = 3, σ = 3.84



21



and θ = 0.875. Overall, the numerical analysis shows that the simplifying assumptions employed in section 4 are not critical for the results. Moreover, a comparison of the VAR responses (figure 1) and the model responses (figure 4) suggests that the transmission mechanism of the theoretical model is broadly consistent with the empirical evidence - at least from a qualitative point of view. The fall in the terms of trade and, in particular, the increase in the trade balance which characterize the transmission of a shock to government spending according to the VAR model, are generated under various specifications of the theoretical model. In addition, the open economy dimension allows to account for the fall in the price level documented by figure 1. If monetary policy allows the nominal exchange rate to appreciate, a fall in import prices may lower the domestic price level.10 Finally, the theoretical model predicts the fall in private spending in line with the results of the empirical analysis. However, private spending falls immediately in the theoretical model, yet panel b of figure 1 documents a decline only after about 1.5 years. While this illustrates that the stylized theoretical model lacks the full ability to account for the rich dynamics characterizing the data, the key features of the theoretical transmission mechanism are in line with the evidence. In particular, from a theoretical perspective one may attribute the initial increase of the trade balance to a revaluation of trade flows resulting from the sharp appreciation of the terms of trade. The delayed decline in private spending, on the other hand, squares well with the increase of the trade balance observed after about 1.5 years. Intratemporal substitution effects, on the other hand, appear to be of limited importance. Given that the VAR documents a difference in the sign of the impact response of private consumption and investment, it would seem worthwhile to treat both components differently in a theoretical model. However, for the theoretical model to predict an increase in consumption, substantial modifications are required which come at the expense of analytical tractability. By limiting its scope to private spending, the present paper aims at complementing more extensive numerical work by providing analytical insights into the international transmission of spending shocks. In a recent paper Erceg, Guerrieri and Gust (2005) calibrate a rich twocountry model featuring also rule-of-thumb consumers. In fact, simulations by these authors show that private consumption increases while investment declines in response to a government spending shock. At the same time the effects of a government spending shock on the trade balance are generally found to be modest and mostly negative, but the possibility of an increase of the trade balance is acknowledged for low values of the intratemporal elasticity of substitution - in line with the evidence and arguments in the present paper. 10



Of course, to the extent that the nominal exchange rate appears to depreciate according to the VAR model, the potential of this explanation is limited.
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5



Conclusion



This paper has tried to empirically establish the dynamic effects of an exogenous increase in government spending on the nominal exchange rate, the terms of trade and the trade balance. The main finding proves to be robust across various VAR specifications: the exchange rate depreciates, the terms of trade appreciate and the trade balance moves into surplus after an exogenous increase in government spending. The strong and significant response of the terms of trade provides a guideline for the theoretical exploration of the empirical findings. Specifically, I investigated whether a twocountry two-good general equilibrium model with price rigidities can account for the evidence, and if so under what conditions. It turns out that, independently of the monetary stance during the transmission process, an exogenous increase in government spending increases the trade balance if, in the presence of home bias in private spending, the intertemporal elasticity of substitution of private spending is high relative to the intratemporal elasticity of substitution between the home and foreign good. The reason is as follows: under the assumption that government spending falls entirely on home goods, an increase in government spending induces an appreciation in the terms of trade such that home goods become more expensive relative to foreign goods. If private spending is home biased, a high intertemporal elasticity of substitution induces a fall in the level of private domestic relative to private foreign spending as a result of the terms of trade appreciation, while a low intratemporal elasticity of substitution induces only limited substitution from home to foreign goods. Hence, resources are transferred from home to foreign and net exports increase. Monetary policy is characterized by an interest rate feedback rule. It is found not to alter but to dampen the effect on net exports, because it accommodates the increase in government spending relative to the flexible price allocation. A loose monetary stance is also reflected in the depreciation of the nominal exchange rate relative to the flexible price allocation. The mechanism underlying the theoretical transmission of government spending shocks is broadly in line with the evidence obtained from the VAR. It should be noted, however, that the analysis has been limited to a qualitative account of the key features of the data. Naturally, the transmission process as apparent from the data displays richer dynamics relative to those generated by the theoretical model. In particular, private spending which the theoretical model predicts to fall immediately in response to a government spending shock, falls only after a considerable delay according to the empirical VAR model. From that point on it appears to be a key factor underlying the increase of the trade balance. The terms of trade, in contrast, respond immediately according to the empirical VAR model and the resulting revaluation of trade flows appears to be an important channel for the immediate increase of the trade balance, as predicted by the theoretical model. Against this background, it seems adequate to draw a tentative conclusion regarding 23



the recent U.S. fiscal expansion. Contrary to widely held views, an exogenous increase in government spending may not necessarily have contributed to the U.S. trade deficit. On the other hand, a fairly accommodating monetary policy may generally have dampened the possible effects of government spending on the trade balance. Hence, the current and also former episodes in U.S. time series when high government spending and trade deficits occurred simultaneously appear not to be the result of discretionary changes in fiscal policy per se. An alternative explanation of these episodes may instead focus on (business cycle) factors which might endogenously generate a systematic co-movement of budget and trade deficits. Also, the recent U.S. fiscal expansion is in large parts the result of tax cuts, which have not been investigated in the present paper. Finally, it may be instructive to establish more evidence using data for smaller countries, where government spending may have little impact on the terms of trade. Lane and Perotti (2003), for example, use a small country model and suggest that fiscal expansions induce a loss in competitiveness as costs increase while prices are fixed on world markets. In this scenario, a trade deficit rather than a surplus might be the effect of a fiscal expansion. Further investigations into these issues appear to be promising. Acknowledgements This paper is based on the first chapter of my Ph.D. dissertation at the European University Institute, Florence. I am very grateful to Larry Christiano, Giancarlo Corsetti, Rafael Dom´enech and Roberto Perotti for comments and discussions. Further, I would like to thank Florin Bilbiie, Fabio Ghironi, Panagiotis Konstantinou, Andreas Schabert, an anonymous referee and seminar participants at University of Bonn, CEPII Paris (Vth Doctoral Meeting) and EUI for helpful comments. The usual disclaimer applies.
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A



The Data



All data series range from the first quarter of 1973 to the third quarter of 2005. Most of the data are from the National Income and Product Accounts available from the Bureau of Economic Analysis (mnemonics are given in parentheses). In the baseline specification government spending is real government consumption expenditures and gross investment (A822RX1). Alternatively, I construct real government spending by deflating the sum of government consumption expenditures (A955RC1) and gross government investment (A782RC1) with the GDP deflator (A191RD3). Real net taxes are current tax receipts (W054RC1) and contributions for government social insurance (A061RC1) less current transfer payments (A084RC1) and subsidies (A107RC1) deflated with the GDP deflator. Private consumption is real personal consumption expenditures (A002RX1). Private investment is real gross private domestic investment (A006RX1). Private spending is the sum of private consumption and private investment. The terms of trade are the ratio of the price index of imports (B021RG3) to the price index of exports (B020RG3). The trade balance is constructed as the ratio of exports (B020RC1) less imports (B021RC1) over GDP (A191RC1). Quarterly population figures are also provided by the NIPA tables (B230RC0). The nominal effective exchange rate is obtained from the International Financial Statistics of the IMF and inverted such that an increase corresponds to a depreciation. The 10 year nominal interest rate is obtained from the FRED database of the St. Louis Fed and converted into quarterly frequency by taking quarterly averages.



B



The log-linear model and derivations of the results



Log-linearized model Small letters denote the log-deviation of a variable from its steady state value, where the latter is referred to by dropping the subscript ‘t’. Given an initial steady state with balanced trade and a zero net foreign asset position, an exogenous process for domestic government spending gt and the flex-price output levels ytf and ytf ∗ , the following sequence is considered: n o∞ ∗ ∗ πH,t , πH,t , πF,t , πF,t , πt , πt∗ , rt , rt∗ , ct , c∗t , yt , yt∗ , ∆st , τt , tˆbt , ˆbF,t , t=0



b t = T Bt /Y and where πt = log(Pt /Pt−1 ), πH,t = log(PH,t /PH,t−1 ), . . . , τt = log(PF,t /PH,t ), tb ˆbF,t+1 = BF,t /Y. It satisfies the following conditions/definitions. First, symmetric conditions in home and foreign are considered. The Euler equation (9) and its foreign equivalent is approximated by ∗ c∗t = Et c∗t+1 − σ(rt∗ − Et πt+1 ),



ct = Et ct+1 − σ(rt − Et πt+1 ),
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(16)



where σ = −u0 /u00 C measures the intertemporal elasticity of substitution. A log-linear approximation to (13) gives a variant of the New Keynesian Phillips Curve, ¡ ¢ πH,t = βEt πH,t+1 + κ (1 − θ) τt + ωyt + σ −1 ct , ¡ ¢ ∗ ∗ πF,t = βEt πF,t+1 + κ − (1 − θ) τt + ωyt∗ + σ −1 c∗t ,



(17) (18)



where κ = (1 − α) (1 − αβ) /(α(1 + µω)) and ω = v 00 Y /v 0 measures the elasticity of the marginal disutility of producing output with respect to an increase in output. The price index of private spending (2) is approximated as ∗ ∗ πt∗ = θπF,t + (1 − θ)πH,t .



πt = θπH,t + (1 − θ)πF,t ,



(19)



Linearizing the law of one price (3) and taking first differences gives ∗ πH,t = ∆st + πH,t ,



∗ πF,t = ∆st + πF,t .



(20)



The goods market clearing conditions are approximated as yt = θ (1 − g) ct + (1 − θ) (1 − g) c∗t + ggt + 2εθ (1 − g) (1 − θ)τt ,



(21)



yt∗ = θ (1 − g) c∗t + (1 − θ) (1 − g) ct − 2εθ (1 − g) (1 − θ)τt .



(22)



The interest rate feedback rules (15) can be conveniently written as ³ ´ ³ ´ rt = φπ πt + φyˆ yt − ytf , rt∗ = φπ πt∗ + φyˆ yt∗ − ytf ∗ .



(23)



A second set of conditions/definitions characterizes the interdependence between both countries. The trade balance (6) is approximated as 1 b t = (2εθ − 1) τt − (ct − c∗ ) , tb t (1 − θ) (1 − g)



(24)



while the terms of trade (4) imply the following log-linear dynamic relationship τt = τt−1 + πF,t − πH,t .



(25)



Finally, under complete international financial markets an approximation to the risk sharing condition (10) has to hold, while the non-state-contingent bond is redundant, ct − c∗t = σ (2θ − 1) τt ,



ˆbF,t = 0.



(26)



On the other hand, if international financial markets are incomplete, the linearized domestic budget constraint (11) is used to characterize the equilibrium βˆbF,t+1 = ˆbF,t + yt − (1 − g) ct − ggt − (1 − g) (1 − θ) τt , 26



(27)



as well as the condition rt − rt∗ = ∆st+1 − ψY ˆbF,t+1 ,



(28)



obtained from linearizing (12) and subtracting the linearized Euler equation (9) . Result 1 (Flexible price allocation) Formally, producer price stability implies that instead of (23) the following holds ∗ πF,t = 0.



πH,t = 0,



(29)



Under this assumption it is straightforward to solve for the terms of trade. Subtracting the goods market clearing condition for the foreign good (22) from its home counterpart (21) and proceeding similarly for the New Keynesian Phillips curve gives - after imposing the risk sharing condition (26)



g τtf = − gt , ξ



(30)



ξ ≡ ω −1 + 4εθ (1 − g) (1 − θ) + σ (2θ − 1)2 (1 − g)



(31)



where



is unambiguously positive and the superscript ‘f’ denotes the flexible price allocation. Combining the law of one price (3) with the definition of the terms of trade (4) gives st = τt + pH,t − p∗F,t .



(32)



So the nominal exchange rate displays the same dynamics as the terms of trade in case of producer price stability



g sft = τtf = − gt . ξ



(33)



Assuming that ρ = 0, one may solve for the real interest rate differential under price stability (i.e. the natural interest rate differential) by combining the difference of the Euler equations (16) with the risk sharing condition (26) g r˜tf = (2θ − 1) gt . ξ



(34)



In the simulation of the model monetary policy is adjusting the interest rate in response to the output gap, yt −ytf . Therefore it is useful to solve for the response of output in the flexible price allocation. To obtain the response of domestic output, I substitute for foreign private spending in the goods market clearing condition using the risk sharing condition (16) and for domestic private spending using the New Keynesian Phillips curve (17) under producer
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price stability. Proceeding analogously for foreign gives the solution for output in home and foreign under producer price stability (flexible price allocation) ytf



=



ytf ∗ =



1 − 2θ (ε − σ) (1 − g) (1 − θ) 1ξ 1 + σω (1 − g) 2θ (ε − σ) (1 − g) (1 − θ) 1 ggt . 1 + σω(1 − g) ξ



ggt



Result 2 (Sticky price allocation) Instead of (23) , monetary policy is now characterized by the feedback rules ∗ rt∗ = φπ πF,t .



rt = φπ πH,t ,



(35)



To solve for the terms of trade under this assumption, it is convenient to focus on the difference between the values of variables in the home and foreign country denoted by the superscript ‘D’. Starting from the Euler equation (16) and the New Keynesian Phillips curve (18), while relying on the risk sharing condition to substitute for the private spending differential, one obtains, after some algebra, a system of expectational difference equations with two endogenous forward-looking variables ¸ · ¸· D ¸ · ¸ · ¸· D Et π ˆt+1 φπ 1 π ˆt 0 1 1 = + g. Et τt+1 1 −κωξ τt −κωg t β 0 | {z } | {z } | {z } =:A



=:B



(36)



=:C



∗ denotes the difference between home and foreign producer price inflawhere π ˆtD ≡ πH,t − πF,t



tion. If both eigenvalues of Ω−1 = A−1 B are outside the unit circle the rational expectations equilibrium is determinate. This will be the case if φπ exceeds unity. To see this, note that det Ω = (1 + φπ κωξ) /β and tr Ω−1 = 1 + (1 + κωξ) /β



(37)



such that, if φπ > 1, det Ω−1 + tr Ω−1 > −1 and det Ω−1 − tr Ω−1 > −1,



(38)



which is sufficient for both eigenvalues being outside the unit circle, see Woodford (2003, Add. to Ch. 4). In the New Keynesian closed economy model the condition φπ > 1 is known as the Taylor principle. Rewriting (36) gives · D ¸ · D ¸ π ˆt π ˆt+1 = ΩEt − Γgt , τt τt+1



(39)



where Γ := B −1 C. Solving forward using the law of iterated expectations and the properties of Ω−1 (implying limT →∞ ΩT = 0), gives · D ¸ ∞ X π ˆt =− Ωk ΓEt {gt+k } . τt k=0
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(40)



Under the assumption that there is no persistence in the exogenous shock, i.e. if ρ = 0, the solution for the producer price inflation differential and the terms of trade is given by · D ¸ · ¸ κωg π ˆt 1 = −Γgt = gt . τt φπ κωξ + 1 −φπ



(41)



Rewriting gives for the terms of trade τt = −



g gt . ξ + 1/ (ωκφπ )



(42)



Next, consider the response of the nominal exchange rate. Taking the first difference of (32) gives ∆st = τt − τt−1 + π ˆtD .



(43)



Using the solution for the inflation differential and the terms of trade and the fact that the economy is initially in steady state, the impact response of the exchange rate, s1 , to a spending shock is given by s1 = −



g φπ − 1 g1 , φπ ξ + 1/ (ωκφπ )



(44)



whereas from the second period onwards it stays permanently at the new level s¯ =



1 g g1 . φπ ξ + 1/ (ωκφπ )



(45)



To solve for the real interest rate differential, first consider the difference in consumer price inflation, after imposing the law of one price (20) and relationship (43): πtD = π ˆtD +2(1−θ)∆τt . The real interest rate differential is given by the difference in the nominal interest rates less D . Given that E π D Et πt+1 t ˆt+1 = 0 and Et τt+1 = 0 this implies



r˜t =



(2θ − 1) g gt . ξ + 1/ (ωκφπ )



(46)



Result 3 (Trade balance) First, consider the flexible price allocation. Using (26) and (30) in (24) gives



1 b t = [(2θ − 1) σ + 1 − 2εθ] g gt . tb (1 − θ) (1 − g) ξ



In the sticky price allocation, using (26) and (42) in (24) gives µ ¶ g 1 b t = [(2θ − 1) σ + 1 − 2εθ] tb gt . (1 − θ) (1 − g) ξ + 1/ (ωκφπ )
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(47)



(48)
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