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Introduction



In an article in the March 2008 issue of the American Economic Review , J´on Steinsson studies the real exchange rate in both an empirical and a theoretical setting (J´on Steinsson, 2008). He uses univariate autoregressive models for the trade-weighted real exchange rate of nine industrialized countries to show that the real exchange rate displays a hump-shaped response to shocks in most countries. He goes on to demonstrate theoretically that two simple two-country sticky-price models can generate a humpshaped response of the real exchange rate if real shocks (rather than monetary shocks) are the source of volatility. Furthermore, with real shocks the persistence of the real exchange rate as well as its volatility relative to consumption is as large in the models as in the data. Steinsson’s results are noteworthy in several respects. First, Kenneth Rogoff (1996) argues that real shocks may well explain the persistence of the real exchange rate, but not its volatility, as these shocks are not believed to be sufficiently volatile. Second, Steinsson argues that the structural relationship between the real exchange rate, marginal cost, and inflation is essentially the same irrespective if the labor market is country-wide or firm-specific. But these different labor market structures should have different implications for the effects of terms of trade changes on marginal cost and inflation. Furthermore, while Steinsson shows that the empirical behavior of the real exchange rate is similar across a diverse set of countries, his theoretical analysis is based on a calibration that fits the U.S. economy, which is relatively closed compared with the other countries in his sample. We therefore revisit Steinsson’s analysis in order to better understand the underlying mechanisms for his findings and investigate the sensitivity of his results to reasonable variations in the specification and calibration of his models. We obtain three sets of results. First, we show that Steinsson neglects an important variable in the model with country-wide (or homogeneous) labor markets. This variable is related to the terms of trade; correctly taking it into account leads to substantially lower persistence and volatility of the real exchange rate. Second, we show that neither model matches the volatility of the real exchange rate relative to output under the calibration used by Steinsson. This failure is largely due to a large elasticity of substitution between domestic and foreign traded goods in the benchmark calibration. With a lower value of this trade elasticity, similar to that used in other studies, the models are able to account for the observed volatility of the real exchange rate relative to both consumption and output, as long as the other



1



parameters are kept at their benchmark values. Third, we conduct a sensitivity analysis, considering the effects of allowing for crosscountry shock correlation, a weaker home bias in preferences, and lower inertia in the monetary policy rule. We also examine the effects of specifying the monetary policy rule in terms of output rather than consumption, as assumed by Steinsson. All of our alternative calibrations and specifications predict low levels of volatility or low degrees of persistence of the real exchange rate (or both) compared with the empirical evidence. Our findings show that Steinsson’s results are not robust to reasonable variations in the model economy. We conclude that sticky prices combined with real shocks are unlikely to be the sole, or even the most important, explanation for the observed behavior of the real exchange rate. In the following we briefly explain the difference between our models and those used by Steinsson, present our results, and offer some concluding remarks. A separate appendix provides technical details.
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Models



Steinsson uses two closely related theoretical models to study the dynamics of the real exchange rate. The models feature two equally sized countries, each populated by a continuum of households and producers. Producers use labor input to produce a differentiated good which is sold under monopolistic competition to domestic and foreign households. Prices are staggered as in Guillermo Calvo (1983) and set in the currency of the consumer. Households supply labor to domestic producers and consume an aggregate of domestically and foreign produced goods with preferences biased towards domestic goods. Financial markets are complete, so households engage in perfect risk sharing across countries. The two models differ in their assumptions regarding the labor market. In one model the labor market is heterogeneous, in the sense that each producer can only use the labor supply of a particular household in production. In other words, labor markets are highly segmented. In the other model the labor market is homogenous, as each producer can use the labor supply of all households in the domestic economy. Hence, this model features country-wide labor markets. Steinsson shows that a log-linear approximation of the heterogeneous labor market model around a deterministic steady state can be represented by seven equations. First, the optimal consumption decisions of households imply the two consumption
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Euler equations ct = Et ct+1 − σEt (it − π t+1 ) ,  c∗t = Et c∗t+1 − σEt i∗t − π ∗t+1 ,



(1) (2)



where ct and c∗t are aggregate consumption in the home and foreign countries, it and i∗t are the home and foreign nominal one-period interest rates, π t and π ∗t are aggregate inflation in home and foreign, and σ is the elasticity of intertemporal substitution (the inverse coefficient of relative risk aversion). Second, complete markets imply the optimal risk sharing condition ct − c∗t = σqt ,



(3)



where qt is the real exchange rate, defined as the price of foreign consumption in terms of domestic consumption. Movements in the real exchange rate are thus driven by movements in the consumption differential across countries. Third, firms’ profit maximization under staggered price-setting gives rise to the two Phillips curves  M∗ π t = βEt π t+1 + κζ φH cM t + φF ct  (η − θ) (φH − φF ) +κωφF pF,t − p∗H,t + 2κφH φF qt − η t , 1 + ωθ



(4)



 ∗ M π ∗t = βEt π ∗t+1 + κζ φH cM + φ c F t t  (η − θ) (φH − φF ) −κωφF pF,t − p∗H,t − 2κφH φF qt − η ∗t , 1 + ωθ



(5)



M∗ ∗ = φH c∗t + φF ct , pF,t is the real price of the foreign goods where cM t = φH ct + φF ct , ct bundle sold in home, and p∗H,t is the real price of the home goods bundle sold abroad.1 The parameter β is the discount factor, ω is the elasticity of marginal cost with respect to demand, φH = 1−φF is the steady-state home bias in preferences, η is the elasticity of substitution between home- and foreign-produced goods bundles (the trade elasticity), θ is the steady-state elasticity of substitution between goods produced in the same country, κ = (1 − α) (1 − αβ) /α, where α is the probability that a producer does not update its price in a given period, and ζ = (ω + σ −1 ) /(1 + ωθ). The shocks η t and η ∗t are composites of five different real shocks: to productivity,



It is straightforward to show that pF,t − p∗H,t = τ t + qt where τ t is the terms of trade, defined as the price of home imports measured in terms of home exports. 1
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labor supply, government spending, the world demand for home goods (the home bias), and to price markups. For simplicity, we will here focus on productivity shocks only. In this case, η t and η ∗t are given as η t = χ (φH at + φF a∗t ) ,



(6)



η ∗t = χ (φH a∗t + φF at ) ,



(7)



where χ is a positive constant, and at and a∗t are the logs of total factor productivity in home and foreign. We assume that the productivity shocks follow2        ρa e ρa at−1 ν at   +  t ,  = e ρa ρa a∗t−1 ν ∗t a∗t



  ν  t  ∼ N (0, Σν ) . ν ∗t



(8)



Finally, the nominal interest rates are set according to the monetary policy rules it = ρi it−1 + (1 − ρi ) ψ c ct + (1 − ρi ) ψ π π t + εt ,



(9)



i∗t = ρi i∗t−1 + (1 − ρi ) ψ c c∗t + (1 − ρi ) ψ π π ∗t + ε∗t ,



(10)



where εt and ε∗t are monetary policy shocks.3 Steinsson argues that the log-linearized model under homogeneous labor markets can be represented by the same seven equations as the heterogeneous labor markets model, the only difference being the slope of the two Phillips curves: whereas ζ = (ω + σ −1 ) /(1 + ωθ) under the assumption of heterogeneous labor markets, with homogeneous labor markets he obtains ζ = ω + σ −1 . Furthermore, Steinsson uses a calibration where θ = η, so the terms involving pF,t − p∗H,t in the Phillips curves cancel out in both models. In the following we show that there is, in fact, a more fundamental difference between the Phillips curves in the two models. For the model with homogeneous labor markets, we obtain the following Phillips 0



Steinsson’s paper gives the impression that he assumes a stochastic process for (η t , η ∗t ) , where η t and η ∗t are uncorrelated. However, as η t and η ∗t are linear combinations of the five structural shocks in both home and foreign, this requires very specific assumptions about the correlation structure of the underlying shocks. For instance, if only productivity shocks vary over time as in (6) and (7), at and a∗t have to be negatively correlated to induce zero correlation of η t and η ∗t . This would have important consequences for the variability of the real exchange rate compared with assuming zero correlation of 0 at and a∗t . In practice, Steinsson’s numerical results are based on a process for (at , a∗t ) . We follow the same procedure here. 2
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These shocks are not considered in the analysis, which focuses on real shocks.



4



curves: π t = βEt π t+1 + κ ωSc + σ −1



 M∗ φH cM t + φF ct  +κωηφF (φH − φF ) pF,t − p∗H,t + 2κφH φF qt − η t ,



(11)



 ∗ + φF cM φH cM t t  −κωηφF (φH − φF ) pF,t − p∗H,t − 2κφH φF qt − η ∗t .



(12)







π ∗t = βEt π ∗t+1 + κ ωSc + σ −1







Two things are worth noticing. First, it is apparent that these equations do not reduce to equations (4) and (5) when θ = η, as the terms involving pF,t − p∗H,t do not cancel out. In fact, the value of θ is not important in determining how pF,t − p∗H,t affects inflation. Second, the slopes of the Phillips curves differ from those in Steinsson: where he obtains ζ = ω + σ −1 , we get a slope of ωSc + σ −1 where Sc is the ratio of consumption to output in steady state. As we show in the Appendix, this difference reflects an error in how Steinsson log-linearizes the resource constraint.4 There we also show that the quantitative effect of this error is small. In the model with heterogeneous labor markets we obtain expressions similar to equations (4) and (5), but with slope coefficients as in equations (11) and (12). As discussed by Steinsson (2011), in the case where ω = 0 the homogeneous labor market model can be written in terms of the equations in Steinsson (2008) albeit with a different value of ζ. However, in the original paper Steinsson assumes that ω = 3 in both models. Our numerical results will be based on a calibration where ω = 3 in both models, but our analytical results are valid for any ω ≥ 0.5 To understand why the terms involving pF,t − p∗H,t cancel out with heterogeneous labor markets when θ = η but remain with homogeneous labor markets, notice that a change in pF,t − p∗H,t affects demand for an individual producer’s good, which, in turn, affects marginal cost and inflation. The effects on demand does not depend on the structure of the labor market, and is therefore the same in both models. The effects on marginal cost and inflation, in contast, depends crucially on the labor market structure. Steinsson writes that C = C ∗ = Y in the steady state (see Steinsson, 2007), where C and Y indicate the steady state levels of private consumption and output, respectively. In this case variation in government spending has no impact on the first-order dynamics of the model. Nevertheless, he includes government spending shocks in the log-linearized models. We assume a symmetric steady state where C + G = C ∗ + G∗ = Y and where government spending accounts for 25 percent of output in the steady state, so Sc = 0.75. For further details, see the Appendix. 4
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A value of ω = 0 corresponds to assumptions of a linear production function and linear disutility of labor. This value implies that the two models have identical implications for the real exchange rate, consumption, inflation, and output.
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First, consider the effects on the demand for a given home producer’s good of an increase in p∗H,t , the real price of home products sold in foreign, holding constant the real price of the individual producer. There are two opposing effects. First, the increase in p∗H,t increases demand for the individual producer’s good because of substitution within the set of home produced goods. Second, the price increase reduces demand for all home produced goods because of substitution between home and foreign goods. Up to a first-order approximation, the magnitude of the first effect is governed by θ, which denotes the steady state elasticity of substitution between goods from a particular country. The second effect is governed by η, which denotes the elasticity of substitution between goods from different countries. If θ > η, the first effect dominates and demand increases, whereas the opposite is true if θ < η. And if θ = η, the two effects on demand exactly offset each other. Second, as mentioned, these changes in demand occur irrespective of the labor market structure. Also, in both models the reduction in overall demand for home goods (the second effect) tends to reduce the demand for labor and therefore the real wage and marginal cost. In contrast, the impact on marginal cost and inflation of the increased demand for the individual product (the first effect) depends crucially on the structure of the labor market. In the heterogeneous labor market model each producer uses only the labor supply of a particular household. Higher individual demand then requires an increased labor supply of that household, which pushes up the real wage and marginal cost. The total effect on marginal cost and inflation then depends on the relationship between θ and η. With θ = η, the two effects cancel out. In the homogeneous (or country-wide) labor market model, on the other hand, producers use the labor supply of all domestic households. As the producer is a negligible part of the economy an increase in the demand facing an individual producer has no impact on total labor demand or on marginal cost. An increase in p∗H,t then decreases overall demand for home labor and therefore also marginal cost and inflation. The strength of this effect is determined by the trade elasticity η. Thus, with heterogeneous labor markets the effects on inflation of changes in pF,t − p∗H,t cancel out when θ = η, while with homogeneous labor markets the effects are governed only by η, irrespective of the value for θ. The quantitative effects of pF,t − p∗H,t on inflation also depend on the degree of home bias (captured by the term φF (φH − φF )) and the elasticity of marginal cost with respect to demand (captured by ω). To illustrate the role of home bias, note that an increase in p∗H,t results in a decrease in p∗F,t , the real price of foreign goods sold in foreign. If an increase in p∗H,t implies a decrease in demand for home goods, the resulting decrease in p∗F,t implies an increase in demand for foreign goods. In other



6



words, variation in pF,t − p∗H,t results in a change in relative demand and therefore relative marginal costs across countries. With a large degree of home bias (a value of φH close to unity and φF close to zero) households consume mostly domestically produced goods, so variation in pF,t − p∗H,t has only a small effect on relative demand, and therefore a small effect on relative marginal cost and inflation. On the other hand, with a low degree of home bias (φH and φF close to one half), variation in pF,t − p∗H,t causes large shifts in relative demand and marginal cost across countries. Also, with a low degree of home bias, households place almost equal weight on domestically and foreign produced goods in their consumption basket. Hence, a given change in pF,t −p∗H,t that results in a change in relative marginal cost across countries has little implication for inflation, because the resulting changes in the relative price of domestic and foreign goods almost completely offset each other. Finally, if ω = 0, so marginal cost does not vary with demand, a change in the relative price and therefore relative demand has no implication for marginal cost. This explains why variation in pF,t − p∗H,t does not affect inflation in this case. To complete the models, we need an additional equation determining the dynamics of pF,t − p∗H,t .6 In both models, this equation can be written as i  e − π t ) − 1 + β + κ 1 + 2ωφF ζ pF,t − p∗H,t     = βEt π ∗t+1 − π t+1 − pF,t+1 − p∗H,t+1 − pF,t−1 − p∗H,t−1 1 (η − η ∗t ) , +κζ (φH − φF ) (ct − c∗t ) − 2κφH qt − φH − φF t



(π ∗t



h







(13)



where e ζ = (η − θ)/(1 + ωθ) with heterogeneous labor markets and e ζ = η with homogeneous labor markets. (See the Appendix for details.) To summarize, we find two errors in Steinsson’s Phillips curves. First, an error in the log-linearization of the resource constraint implies that the slopes of our Phillips curves in both models are slightly different compared to Steinsson’s. Second, in the homogeneous labor market model Steinsson neglects a variable that equals the sum of the terms of trade and the real exchange rate. As it turns out, the first of these errors is quantitatively unimportant. The second error, however, has important effects on the dynamic behavior of the real exchange rate. 6



Of course, if θ = η this variable is not needed to compute the equilibrium values for the remaining variables in the heterogeneous labor market model.
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Results



In this section we first report results using Steinsson’s original calibration of the models but correcting the errors we discussed in the previous section. We compare these results with those obtained from Steinsson’s original models. Second, we argue that Steinsson’s calibration of the trade elasticity prevents the models from simultaneously matching the volatility of the real exchange rate relative to both consumption and output. We discuss the reasons for this discrepancy and show that the models perform better with a lower value of the trade elasticity. Third, we conduct a sensitivity analysis by varying key parameters and changing the specification of the monetary policy rule in order to understand whether Steinsson’s results are robust to plausible model alterations. We start out with the same calibration as in Steinsson, which is reported in Table 1. In addition to Steinsson’s parameters, we also need to calibrate the ratio of private consumption to output in the steady state, Sc . We set this equal to 0.75, which is close to the median ratio of consumption to the sum of consumption and government spending in the economies used in Steinsson’s empirical analysis. ——— Insert Table 1 here ———



3.1



Real exchange rate behavior in the benchmark models



Steinsson reports five different statistics to give an understanding of the behavior of the real exchange rate in his theoretical models. The first three statistics are based on a univariate autoregressive model estimated on simulated data from the models. Steinsson estimates an AR(5) model on simulated data and computes the half-life (HL), the up-life divided by the half-life (UL/HL) and the quarter-life minus the halflife (QL−HL) from the impulse-response function of the AR(5). Denote by IR(T ) the value of the impulse response function in period T from a unit-sized impulse in period 0. Steinsson defines the up-life as the largest T such that IR(T − 1) ≥ 1 and IR(T ) < 1. Hence, a non-zero up-life implies that the impulse response is hump-shaped. The half-life is defined as the largest T such that IR(T − 1) ≥ 0.5 and IR(T ) < 0.5, and the quarter-life is defined as the largest T such that IR(T − 1) ≥ 0.25 and IR(T ) < 0.25. Steinsson also reports two statistics based on HP-filtered simulated data: the autocorrelation of the real exchange rate (ρ1,hp ) and the standard deviation of the real exchange rate relative to the standard deviation of consumption (Std(qt,hp )/Std(ct,hp )). All statistics are median values across 1,000 simulations. We report the same statistics as Steinsson and three additional statistics: the standard deviation of the HP-filtered real exchange rate relative to the standard deviation
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of HP-filtered output; the standard deviation of the growth rate of the real exchange rate relative to the standard deviation of the growth rate of consumption; and the standard deviation of the growth rate of the real exchange rate relative to the standard deviation of the growth rate of output. The first measure of the volatility of the real exchange rate has been used extensively in the literature (see, e.g., V. V. Chari, Patrick J. Kehoe, and Ellen R. McGrattan, 2002; Paul R. Bergin and Robert C. Feenstra, 2001). It is therefore of interest to investigate whether the models can explain real exchange rate volatility also along this dimension. The second and third measures based on growth rates are included for robustness, as HP-filtering may remove some of the low-frequency movements in the real exchange rate (see Steinsson, 2008). We base our results on Steinsson’s Matlab programs.7 However, we identified three errors in the computation of the AR(5) based statistics. First, Steinsson does not use all the coefficients in the estimated AR(5) to compute the impulse response functions of the real exchange rate. Second, the calculation of various statistics characterizing the impulse response function is based on the absolute value of that function, rather than the real value as defined in Steinsson (2008). Third, a counting error implies that the up-life of the impulse response function is one quarter too long. We find, however, that the programming errors have small quantitative effects on the results (see the Appendix). ——— Insert Table 2 here ——— Table 2 contains our first set of results. The first row reports the empirical values from Steinsson’s paper. These are the median values based on the trade-weighted real exchange rate in nine industrialized countries: Canada, the euro area, France, Germany, Italy, Japan, Switzerland, the UK, and the U.S. Panels (a) and (b) contain results from different versions of the homogeneous and heterogeneous labor market models, respectively. The first row in each panel contains Steinsson’s results, whereas the second row reports our reproduction using his models and Matlab programs. We match perfectly the up-life divided by the half-life, the autocorrelation of the HP-filtered real exchange rate and the volatility of the HP-filtered real exchange rate relative to consumption. We also come quite close in matching the half-life and the quarter-life minus the half-life.8 7



The Matlab programs are available on http://www.aeaweb.org/articles.php?doi=10.1257/aer.98.1.519.
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The distribution of these estimates across simulations is fairly wide. We are therefore not able to perfectly replicate Steinsson’s results without using his value of the random seed, which is not available in the Matlab programs.
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The third row of each panel in Table 2 reports the results using our versions of the two models. Comparing the second and third rows for the homogeneous labor market model shows that incorporating the variable pF,t − p∗H,t reduces both the persistence and the volatility of the real exchange rate.9 For instance, the half-life drops from about 3.5 years in Steinsson’s model to less than two years in our version of the model, considerably lower than the empirical value of 3.7 years and outside the consensus estimate of three to five years (Rogoff, 1996). Also the up-life divided by the half-life and the quarter-life minus the half-life are substantially lower in our model compared to Steinsson’s, indicating a less pronounced hump-shape in the impulse response function. Turning to the HP-filtered statistics, both the autocorrelation and the relative volatility of the real exchange rate relative to consumption decrease. The most dramatic fall is in the relative volatility. In Steinsson’s model the real exchange rate is about 6.9 times as volatile as consumption, which is substantially above the empirical value of 3.3. In our version of the model the relative standard deviation is 2.4, below the empirical value. Virtually the same picture emerges when using growth rates to filter the data. In this case, Steinsson’s model implies a standard deviation of the real exchange rate relative to consumption of about 6.9, whereas in our model the relative volatility is 2.7. The empirical value is 3.7.10 Turning to the heterogeneous labor markets model, the differences between our results and those of Steinsson are less significant. A comparison of the second and third rows of panel (b) shows that our model implies a slightly longer half-life and a larger uplife divided by half-life compared to Steinsson’s model. Hence, the real exchange rate in our model has a slightly more pronounced hump-shaped impulse response function. The statistics based on growth rate and HP-filtered data are practically identical across the two heterogeneous labor market models. The only difference between Steinsson’s version and our version of this model is that we assume Sc = 0.75 instead of 1 and we correct the estimation of the AR-based statistics. Again, these changes have a limited quantitative effect. Table 2 reveals that in both our models the real exchange rate is about as volatile as output but substantially more volatile than consumption, regardless of whether the data is filtered with growth rates or the HP-filter. This reflects the fact that In addition to incorporating pF,t − p∗H,t , we obtain the results in the third row by setting Sc = 0.75 rather than 1 as implicitly assumed by Steinsson, and using Matlab programs where we have corrected the three coding errors. As mentioned, setting Sc = 0.75 rather than 1, and using the corrected Matlab programs has limited quantitative effects on the results. For further details, see the Appendix. 9
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The empirical values reported in the last three columns of Table 2 is the median value of the countries in Steinsson’s sample, using data for the real exchange rate from the BIS and data on consumption and GDP from the OECD.
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consumption is much less volatile than output under the benchmark calibration. In contrast, in the data the relative volatility of the HP-filtered real exchange rate is only slightly lower when measured with respect to HP-filtered output than if measured with respect to HP-filtered consumption, as consumption is only slightly less volatile than output. For the growth rate based statistics, the volatility of the real exchange rate is actually larger when measured relative to output than when measured relative to consumption. Steinsson argues in favor of using the volatility of the real exchange rate relative to consumption as the measure of real exchange rate volatility, as consumption plays a more central role in the models than output. He also argues that the volatility of consumption and output are similar in his models. Our results show that this is not correct under his original calibration: the standard deviation of output is about two and a half to four times as large as that of consumption. The reason for the different volatilities of consumption and output under the benchmark calibration is the large value of the trade elasticity used by Steinsson, η = 10. To see why, note that, under our assumption that productivity shocks are the only source of volatility, output can be written as  yt = (η − 1) φF pF,t − p∗H,t + Sc (φH ct + φF c∗t ) + φF qt ,  yt∗ = − (η − 1) φF pF,t − p∗H,t + Sc (φH c∗t + φF ct ) − φF qt ,



(14) (15)



where yt and yt∗ are output in home and foreign (see the Appendix for details). The extensive degree of home bias in consumption used in Steinsson’s calibration (φH = 1 − φF = 0.94) means that home output is primarily determined by home consumption and the variable pF,t − p∗H,t . Under Steinsson’s calibration of η the coefficient on this variable is (η − 1) φF = 0.54, whereas the coefficient on home consumption is Sc φH = 0.75.11 Since there is substantial movement in the variable pF,t − p∗H,t following productivity shocks, output and consumption will behave quite differently despite the extensive home bias in consumption. Other authors, in contrast, use substantially lower values of the trade elasticity. Setting η = 1.5, as in David K. Backus, Kehoe, and Finn E. Kydland (1994) and Chari, Kehoe, and McGrattan (2002), the dynamics of output and consumption would be much more similar. With this value of η we get (η − 1) φF = 0.03, so the variable pF,t − p∗H,t has a negligible impact on home output, which is therefore closely related to home consumption. The fourth row of each panel in Table 2 reports our results when setting η = 1.5 while retaining all other parameters at their benchmark values. For both the 11



The coefficients on foreign consumption and the real exchange rate are Sc φF = 0.045 and φF = 0.06, respectively.
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homogeneous and heterogeneous labor market models, the real exchange rate is more persistent and volatile when η = 1.5 compared to η = 10. The trade elasticity measures how willing households are to substitute between home and foreign goods bundles following a relative price change. Hence, for low values of η the composition of home and foreign households’ consumption bundles will be quite different out of steady state, as households are less willing to substitute away from the temporarily expensive goods. These differences in consumption bundles, in turn, imply more volatility and persistence of the real exchange rate through the optimal risk sharing relation in equation (3). Furthermore, for both models the real exchange rate is much more volatile than both consumption and output when η = 1.5 and the volatility relative to consumption is not much larger than the volatility relative to output irrespective of the way the data is filtered.12 Thus, in order to account for the volatility of the real exchange rate relative to the volatility of both consumption and output, we need a low value of the trade elasticity. We therefore maintain η = 1.5 for the rest of our analysis.



3.2



Alternative calibrations



We now examine the effects of introducing cross-country shock correlation, reducing the degree of home bias in consumption, and decreasing inertia in the monetary policy rules. These alternative parameterizations are likely to be important for the real exchange rate because they affect the dynamic behavior of the ratio of consumption across countries. This will impact the real exchange rate through the optimal risk sharing relation, equation (3). Table 3 reports the results. For convenience, we report the empirical values in the top row and the results from our benchmark model with η = 1.5 in panel (a).13 The calibration used by Steinsson implies that shocks are uncorrelated across countries: e ρa = 0 and Corr(ν t , ν ∗t ) = 0. In the model, the real shocks η t and η ∗t potentially reflect five distinct shocks: to productivity, labor supply, government spending, the world demand for home goods, and to price markups. We find it difficult to come up with compelling arguments for why these shocks should be completely uncorrelated across countries. In fact, under our maintained assumption that the real shocks correspond to productivity disturbances, the empirical evidence suggests a positive correlation. For instance, Backus, Kehoe, and Kydland (1992) find a positive corre12



The models with η = 1.5 predict too volatile real exchange rates. By increasing the elasticity of intertemporal substitution (σ) volatility is reduced with little impact on the other statistics. 13



We do not include the growth rate based volatility measures in Table 3, as they give essentially the same conclusions as the HP-filtered statistics.



12



lation between TFP shocks in the U.S. and Europe as well as between shocks in the U.S. and Canada. To examine the effect of cross-country correlation on the dynamics of the real exchange rate we use their calibration of the productivity process (8), ρa = 0.906, e ρa = 0.088, and Corr(ν t , ν ∗t ) = 0.258, keeping all other parameters at their benchmark values. The results are reported in panel (b) of Table 3. For the homogeneous labor market model most persistence measures and both volatility measures are lower under the assumption of correlated shocks than in the benchmark model without correlated shocks. The only exception is the up-life divided by the half-life that is slightly higher with correlated shocks, as the half-life decreases by more than the up-life. For the heterogeneous labor market model the same picture emerges: most persistence measures and both volatility measures are lower with correlated shocks, and, in some cases, substantially so. For instance, the volatility of the real exchange rate relative to consumption decreases from 6.1 with no correlation to 0.8 with correlated shocks (the empirical value is 3.3). Hence, it is quite important for the real exchange rate dynamics whether the real shocks are correlated across countries or not. Because of perfect risk sharing, the real exchange rate is determined by the difference between consumption in the two countries: σqt = ct − c∗t . Now, suppose that a positive productivity shock occurs in home. Regardless of the degree of correlation between the shocks and the structure of the labor market, consumption increases in both countries, but because of home bias in preferences the consumption response is stronger in home than in foreign. However, the foreign consumption response is much stronger with correlated shocks because it raises the future productivity and wealth of foreign households. Also, under the correlated shock specification, the productivity shock spills over with 8.8% per quarter which implies that foreign consumption “catches up” with home consumption much faster than with uncorrelated shocks. These effects, in turn, imply less persistence and volatility of the real exchange rate. ——— Insert Table 3 here ——— We next examine the effect of decreasing φH , the degree of home bias in preferences. Steinsson sets φH = 0.94 which corresponds to a steady state import to output ratio of 6%. This calibration is chosen to roughly match the fraction of total spending that is allocated to domestic goods in the U.S. The other countries in Steinsson’s sample tend to have larger import shares than the U.S., however: the median ratio of imports to the sum of consumption and government spending is more than 30%.
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Panel (c) of Table 3 reports our results when we set φH = 0.7. For the homogeneous labor market model all persistence and volatility measures are lower than under the benchmark calibration. The half-life is 2.2 years and the standard deviation of the real exchange rate relative to consumption is about 1.7, compared with 2.9 and 5.4 in the benchmark model (the empirical values are 3.7 and 3.3). For the heterogeneous labor market model most persistence measures are larger than in the benchmark model, whereas the volatility measures decrease substantially: the real exchange rate is 2.3 times as volatile as consumption and about 1.3 times as volatile as output (compared with 6.1 and 5.1 in the benchmark models). As with correlated shocks, the lower volatility of the real exchange rate when φH = 0.7 is due to the fact that consumption bundles are more similar across the two countries. Under perfect risk sharing, smaller consumption differentials imply less volatility in the real exchange rate. We now study the effects of decreasing inertia in the monetary policy rule. Gianluca Benigno (2004) emphasizes the role of monetary policy inertia in generating real exchange rate persistence after monetary shocks: without inertia his model is unable to generate persistent real exchange rates. This motivates us to study how monetary policy inertia affects persistence after real shocks. The benchmark calibration sets ρi = 0.85. Panel (d ) of Table 3 reports results where we instead set ρi = 0. Whereas volatility is slightly higher in the model compared to the benchmark models, persistence is much smaller. The up-life is zero for both models, so there is no hump-shaped response to shocks. The half-life for the homogeneous labor market model is about 1.2 years if ρi = 0, which is substantially shorter than the empirical value of 3.7 years and the consensus estimate of three to five years. The half-life in the heterogenous labor markets model is 2.3 years. The lack of persistence of the real exchange rate is also reflected in the autocorrelation of the HP-filtered data, which is 0.62 for the homogeneous labor market model and 0.7 with heterogeneous labor markets, to be compared with the empirical value of 0.78. The intuition for this result is straightforward. As discussed by Steinsson, the reason for the hump-shaped impulse response of the real exchange rate in the benchmark models is that, following a positive productivity shock in home, the home real interest rate increases on impact but then turns negative in the subsequent periods. The real interest rate is defined by the difference between the nominal interest rate and expected inflation, it − Et π t+1 . In the benchmark models the initial increase in the real interest rate is caused by the fact that expected inflation falls faster than the nominal interest rate following the positive productivity shock. Without inertia in the monetary policy rule this cannot occur, as the nominal interest rate responds by more than one for one with inflation. Hence, a drop in inflation causes a further drop in the nominal interest
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rate and a decrease in the real interest rate. In the subsequent periods the real interest rate slowly reverts back to the steady state value. This monotonic response of the real interest rate removes the hump-shaped response of the real exchange rate.



3.3



The role of monetary policy



Steinsson specifies the monetary policy rules (9)–(10) in terms of consumption. A more common specification, following John B. Taylor (1993), is to write the monetary policy rules in terms of output. In this section we examine the consequences of assuming that the nominal interest rate responds to output instead of consumption, that is, monetary policy is set according to it = ρi it−1 + (1 − ρi ) ψ c yt + (1 − ρi ) ψ π π t ,



(16)



i∗t = ρi i∗t−1 + (1 − ρi ) ψ c yt∗ + (1 − ρi ) ψ π π ∗t .



(17)



where yt and yt∗ are determined by equations (14) and (15). Our discussion in Subsection 3.1 suggests that including output instead of consumption in the monetary policy rules should not matter much under our calibration with η = 1.5, as output and consumption are closely related. We also showed, however, that with a lower degree of home bias, the link between output and consumption is weaker. Panel (e) of Table 3 reports the results with output in the monetary policy rules and φH = 0.7. The persistence of the real exchange rate is substantially lower than under the benchmark calibration. For instance, the half-life is about 1.5 years in the homogeneous labor market model and 2.8 years under heterogeneous labor markets implying that both models predict half-lives that are shorter than the empirical value and shorter than the consensus estimate of three to five years. In the homogeneous labor market model the up-life relative to half-life is zero, so the impulse response is not hump-shaped. For the heterogeneous labor markets model the up-life divided by the half-life is 0.03, implying a very limited hump in the impulse response function. The real exchange rate is also considerably less volatile than in the benchmark model. For the homogeneous labor market model the real exchange rate is less volatile than both consumption and output, whereas in the heterogeneous labor markets model it is about as volatile as output and 1.4 times as volatile as consumption. To illustrate the intuition for these results, Figures 1 and 2 report the dynamic responses of key variables following a positive productivity shock in home in the heterogeneous labor market model. Figure 1 reports responses for the benchmark model with consumption in the monetary policy rules (with η = 1.5 and φH = 0.7) whereas
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Figure 2 shows responses for the same calibration but with output in the monetary policy rules. There are potentially two channels through which a productivity shock can affect the real exchange rate. The first channel is caused by the assumption of home bias in consumption (φH > φF ). A positive home productivity shock reduces the prices of home goods in both home and foreign. When preferences are biased towards domestic goods, a fall in home goods prices has the largest impact on the price of consumption in home. This implies a depreciation of the real exchange rate, as home consumption rises more than foreign. Thus, the real exchange rate in Figure 1 depreciates on impact and follows a hump-shaped response over time. With output in the monetary policy rules in Figure 2, a second channel arises. A positive home productivity shock leads to an increase in home output relative to foreign since η > 1, and therefore upward pressure on the spread between home and foreign nominal interest rates. This tends to increase the real interest rate differential and pushes down home consumption relative to foreign consumption. Hence, the real exchange rate appreciates. Thus, two counteracting effects impinge on the real exchange rate. The first channel, due to home bias, works to depreciate the real exchange rate, whereas the second channel, present when monetary policy responds to output, tends to appreciate the real exchange rate. Reducing the degree of home bias reduces the importance of the first channel. The second channel then dominates on impact but the first channel gradually takes over, so the real exchange is eventually weaker than its long-run level. This shift explains why the real exchange rate in both models lacks a hump-shaped impulse response when output is included in the monetary policy rules and home bias is weak. ——— Insert Figures 1 and 2 here ———



4



Conclusions



Steinsson (2008) argues that real shocks propagated in sticky price models can go a long way in explaining the observed behavior of the real exchange rate. Our analysis provides a number of caveats to this result. First, we noted a number of errors in Steinsson’s model derivations. Correcting an error in one of the models reduces both the persistence and the volatility of the real exchange rate. Second, we showed that the models are unable to match the volatility of the real exchange rate relative to output under Steinsson’s calibration. However, using a lower trade elasticity allows the models to match the volatility of the real exchange rate relative both consumption and output.
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Third, we analyzed the mechanisms underlying the ability of the models to account for the behavior of the observed real exchange rates by varying key parameters in the models and changing the specification of the monetary policy rules. We showed that allowing for more cross-country correlation in the stochastic process driving productivity shocks, or setting the degree of home bias to match the empirical value for the countries in Steinsson’s analysis implies a considerably lower volatility of the real exchange rate. Reducing monetary policy inertia instead decreases persistence substantially. In addition we showed that including output in the monetary policy rules, rather than consumption as used by Steinsson, in combination with a lower degree of home bias reduces both the persistence and the volatility of the real exchange rate compared with the benchmark models. All these modifications make it more difficult to reconcile the theoretical predictions with the empirical observations. The countries included in Steinsson’s empirical analysis are quite diverse with respect to labor market structure, size, openness, and monetary experience over the sample period considered, but all have real exchange rates that are persistent, volatile and display hump-shaped responses to shocks. Our results show that the models are unable to match these features of real exchange rate behavior when we account for the structural differences across economies. Hence, real shocks propagated in sticky price models are unlikely to be the sole, or even the most important, explanation for the observed behavior of the real exchange rate.
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Figure 1: Dynamic responses to productivity shock in heterogeneous labor market model with weak home bias Real exchange rate
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This figure shows the dynamic responses of the real exchange rate and other key variables in the home and foreign economies to a unit-sized innovation to home productivity in the benchmark model with heterogeneous labor markets with a low trade elastiticy (η = 1.5) and weak home bias (φH = 0.7).
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Figure 2: Dynamic responses to productivity shock in heterogeneous labor market model with output in monetary policy rules and weak home bias Real exchange rate
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This figure shows the dynamic responses of the real exchange rate and other key variables in the home and foreign economies to a unit-sized innovation to home productivity in the model with heterogeneous labor markets with output in the monetary policy rules, a low trade elastiticy (η = 1.5), and weak home bias (φH = 0.7).
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Table 1: Parameter values, original calibration. Discount factor Elasticity of intertemporal substitution Elasticity of marginal cost Elast. of subst. goods from same country Elast. of subst. goods from different countries Fraction of firms that change prices in given period Home bias Monetary policy rule Productivity process Steady state consumption to output ratio



β = 0.99 σ = 1/5 ω=3 θ = 10 η = 10 1 − α = 0.25 φH = 0.94, φF = 0.06 ρi = 0.85, ψ c = 0.5, ψ π = 2 ρa = 0.9, e ρa = 0, Corr(ν t , ν ∗t ) = 0 Sc = 0.75



This table reports the parameter values from Steinsson (2008), except the steady state consumption to output ratio which is based on the authors’ own calculations.
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Table 2: Behavior of real exchange rate in benchmark models.
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Std(∆qt ) filtered output; denotes the standard deviation of the growth rate of the real exchange rate relative to the growth rate of consumption; Std(∆y t) denotes the standard deviation of the growth rate of the real exchange rate relative to the growth rate of output. All statistics are medians across Std(q ) Std(∆qt ) Std(∆qt ) 1,000 simulations. The empirical values are from Steinsson (2008), except for Std(yt,hp , Std(∆ct ) , and Std(∆y which are based on the authors’ own t) t,hp ) calculations. The first row of each panel reports values from Steinsson (2008). The second row reports our reproduction of Steinsson’s results using his models and Matlab programs. The third row reports results using our models and corrected Matlab programs. The results in rows 1–3 are obtained using Steinsson’s original model calibration. The fourth row reports results using Steinsson’s original model calibration but setting η = 1.5.
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This table reports estimates of real exchange rate persistence and volatility in the benchmark models. HL denotes half-life (measured in years), UL/HL denotes up-life divided by half-life, QL−HL denotes quarter-life minus half-life. HL, UL, and QL are median unbiased estimates. ρ1,hp denotes the Std(qt,hp ) autocorrelation of the HP-filtered real exchange rate; Std(ct,hp ) denotes the standard deviation of the HP-filtered real exchange rate relative to the
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Table 3: Behavior of real exchange rate under alternative model calibrations and specifications. HL
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This table reports estimates of real exchange rate persistence and volatility under the alternative calibrations of the models. All models have a low trade elasticity: η = 1.5. HL denotes half-life (measured in years), UL/HL denotes up-life divided by half-life, QL−HL denotes quarter-life minus half-life. HL, UL, and QL are median unbiased estimates. ρ1,hp denotes the autocorrelation of the HPStd(qt,hp ) filtered real exchange rate; Std(ct,hp ) denotes the standard deviation of the HP-filtered real exchange Std(q
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rate relative to the standard deviation of HP-filtered consumption; Std(yt,hp is the relative standard t,hp ) deviation of the HP-filtered real exchange rate with respect to HP-filtered output. The empirical values are from Steinsson (2008), except for the standard deviation of the real exchange rate relative to output, which is based on the authors’ own calculations. The estimates for UL, HL, QL are calculated using the corrected Matlab code.
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