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This paper investigates the role played by total factor productivity (TFP) in the tradable and non-
tradable sectors of the United States, the euro area, and Japan in the emergence and evolution of 
today’s global trade imbalances. Simulation results based on a dynamic general equilibrium model 
of the world economy, and using the EU KLEMS database, indicate that TFP developments in 
these economies can account for a significant fraction of the total deterioration in the U.S. trade 
balance since 1999, as well as account for some the surpluses in the euro area and Japan. 
Differences in TFP developments across sectors can also partially explain the evolution of the real 
effective value of the U.S. dollar during this period.  
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 3 

 
I. INTRODUCTION 

 
During the 1990s, large trade imbalances developed in different regions of the world, 

with the United States running persistent deficits, and Japan and the euro area first, and later 
emerging Asia and oil-exporting countries, running surpluses (Figure 1). Today, the United 
States absorbs the majority of the world’s current account surpluses, and net U.S. liabilities 
remain at record-high, representing over a fifth of U.S. GDP. 

 
The debate about the sources and hence possible resolutions of these external 

imbalances is polarized. Some argue that global imbalances should not be resisted. This is 
because they largely manifest as an equilibrium phenomenon, generated by the interaction of 
growth and financial development differentials among countries, that will resolve themselves 
slowly over time---see, for example, Engel and Rogers (2006), Blanchard (2007), Caballero, 
Fahri, and Gourinchas (2007), Mendoza, Rull, and Quadrini (2007), Perri and Fogli (2007),  
and McGrattan and Prescott (2007). Many, however, trust that these imbalances originate in 
economic distortions, and they should be resolved primarily through policy adjustment, 
including significant changes in effective exchange rates and fiscal policies or both---for 
instance, IMF (2005 and 2006), Blanchard, Giavazzi and Sa (2007), Mussa (2004), Obstfeld 
and Rogoff (2007), Roubini and Setser (2004), and Yoshitomi (2006). 

 
One issue that, by contrast, is relatively undisputed is that differences in relative 

productivity across world regions have likely played a non-negligible role in the emergence 
and evolution of the today’s trade imbalances. This general perception is supported by 
empirical evidence. Glick and Rogoff (1995), for example, estimate that a one percent 
increase in country-specific productivity decreases the current account balance by 0.15 
percent of GDP. Estimates by Bems, Dedola and Smets (2007), Edwards (2007), and 
Corsetti, Dedola, and Leduc (2007) detect even larger elasticities between shocks to 
productivity and imbalances. A few recent studies also examined the potential role of total 
factor productivity (TFP) differences across countries in explaining the global imbalances, 
based on multi-country dynamic general equilibrium models with calibrated TFP processes. 
Erceg, Guerrieri, and Gust (2002) and Hunt and Rebucci (2005), for instance, find that a 
permanent shock to the level of TFP in the U.S., combined with uncertainty or learning about 
its persistence, can explain at least in part the behaviour of the U.S. trade deficit in the late 
1990s. 

 
As Obstfeld and Rogoff (2007) note, however, productivity could only help to reduce 

the large U.S. trade deficit if it were concentrated either in the tradable sector of the United 
States (as foreign goods become less attractive to both U.S. and non-U.S. residents) or in the 
non-tradable sector in the euro area and Japan (as this boosts their wage and capital income 
and hence their demand for U.S. goods).2 Reasoning along these lines, they infer that much 

                                                 
2 Guerrieri, Henderson, and Kim (2005) also point out that the transmission of a TFP shock in the tradable 
sector may differ significantly from that of a shock in the non-tradable sector of the U.S.  economy, in terms of 
the responses of the exchange rate and the trade balance. 
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of the widening of the U.S. trade deficit over the past 10 years or so must have originated 
from the boom in relative productivity in the U.S. non-tradable sector. 

 
This paper investigates the role played by TFP in the tradable and non-tradable 

sectors of the United States, the euro area, and Japan in the emergence and evolution of 
today’s global trade imbalances. Specifically, we feed sector-specific TFP data from 1995 to 
2004 for these countries, from a new and homogenous data set, to a flexible-price version of 
the dynamic general equilibrium model (DGE) of the world economy developed by Cova and 
Pisani (2007) at the Bank of Italy. 

 
This model is a five-region DGE. It comprises an emerging Asia and a rest-of-the-

world block, in addition to the United States, the euro area, and Japan and shares many 
features with the IMF’s GEM (i.e., Laxton and Pesenti, 2003; Hunt and Rebucci, 2005; 
Batini, N'Diaye, Rebucci, 2005; Faruqee et al., 2007). The model does not treat oil-exporting 
exporting economies separately. It does not incorporate realistic financial frictions, possibly 
inducing precautionary demands for official reserves or constraining the supply of 
marketable financial assets, as well as other policy distortions, such as sustained sterilized 
foreign exchange intervention.3 

 
Subject to the caveat that the analysis in this paper focuses only on one among several 

factors likely to drive the current constellation of global imbalances, we find that TFP 
developments in advanced economies, and especially in the non-tradable sector of the United 
States, can account for a significant fraction of the total deterioration in the U.S. trade 
balance after 1999, as well as for some of the surplus periods in the euro area and Japan. 
Sector-specific productivity differentials in the United States also do well at capturing the 
direction, persistence, and turning point of the U.S. dollar effective exchange rate since mid-
1990s, although the volatility of the simulated exchange rate path is much smaller, and the 
turning point earlier, than in the data. 

 
The rest of the paper is organized as follows. Section II describes the methodology 

that we employ, including the model, its calibration and solution, and the data. Section III 
presents and discusses the results. Conclusions and implications follow in Section IV. 

 
 

II. METHODOLOGY 
 

We feed to our model historically realized TFP paths for the United States, the euro 
area, and Japan. We then compare actual and simulated paths for the trade balance, as well as 
the real effective exchange rate and the national accounts. This section briefly describes the 
model, its calibration and solution, and the data that we use in the analysis. 

 

                                                 
3 See IMF (2006 and 2007) on the role of oil prices and exchange rate changes for global imbalances. 
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A. Model, Calibration, and Solution 

The analysis uses a flexible price version of the model of the world economy 
developed by Cova and Pisani (2007) at the Bank of Italy.4 This is a five-region and two-
sector (tradable and non-tradable) DGE model with incomplete international asset markets, 
home bias in consumption and investment, international price discrimination (due to the 
presence of a distribution sector), capital accumulation, and non-zero net foreign asset 
positions in steady state. The five regions are the United States, Japan, euro area, emerging 
Asia, and the rest of the world. The calibration of the model draws on previous GEM work at 
the IMF and on the international real business cycle and trade literature. The model is coded 
in DYNARE and is solved using the deterministic (perfect foresight) simulation command 
“simul”, with a simulation length of 500 periods or quarters.5  

 
In the simulations, we assume the world economy is in steady state in 1994:Q4 and 

that, after 2004:Q4, historical TFP paths for the United States, the euro area, and Japan, 
revert to trend at the rate of 0.001 per quarter (i.e., with an autoregressive coefficient of 
0.999). The TFP paths of Emerging Asia and the rest of the world are assumed to remain in 
steady state throughout the simulation period. Given that the spillover from other countries’ 
TFP evolution to the United States are very small (see below), we start the simulations in 
1995. Thus, the simulations attach no weight to the 1990-1995 productivity slowdown in 
Japan and the euro area. 

 
 

B. TFP Paths 
 
We construct the historical path for TFP in the United States (US), the euro area (EA, 

defined here as EU-15), and Japan (JA), for the tradable and non-tradable sector, from the 
new EU KLEMS database “Growth and Productivity Accounts” (see euklems.net). 

 
We identify the tradable sector with “Manufacturing” and the non-tradable with the 

weighted average of “Wholesale and retail trade,” “Electricity, gas and water supply,” and 
“Transportation, storage, and communication,” with weights given by the relative value 
added within the sector. We include only a subset of all the sectors available because these 
are the most accurately measured (Basu and Fernald, 2006). The results reported in the next 
section, however, are robust to using a narrower definition of the non-tradable sector or a 
broader definition of the tradable sector. 

 

                                                 
4 Specific model features, and the details of its calibration, are reported and discussed in the appendix. 

5 The “simul” instruction uses a Newton method to solve simultaneously all the equations for every period (see 
Juillard, 1996). Simulations with up to 6000 periods give similar results. In the published version of the paper, 
the model is solved assuming that agents forecast recursively the future path of TFP. As the main results of the 
paper are robust to this change, here we report the results based on standard perfect foresight simulations as 
described above. 
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The data is in line with the conventional wisdom about the evolution of productivity 
growth in these areas---e.g., Jorgenson (2003, 2005), Jorgenson and Motohashi (2005), 
Gordon (2004), Oliner, Sichel, and Stiroh (2007). Table 1 reports 5-year averages of annual 
TFP growth, together with their average over the whole sample period available, and from 
1981 to 2004 for ease of comparison across countries. U.S. tradable TFP growth accelerated 
temporarily in late 1990s, while non-tradable TFP growth lagged behind for most of the 
1990s, accelerating sharply only in the last 5-year period. In Japan, tradable TFP growth was 
below average during the 1990s, falling sharply in the first half of the 2000s. The fall in TFP 
growth in the non-tradable sector lagged by about five years, but was deeper and more 
persistent than that experienced in the tradable sector. In the euro area, tradable and non-
tradable TFP growth slowed down markedly in the 1990s. In the first half of the 2000s, 
tradable productivity recovered partially, while non-tradable productivity continued to 
decline.6  

 
Interestingly, while the differences in TFP growth across sectors and countries are 

large and persistent over the past 15 years or so, longer term averages are remarkably similar. 
The TFP growth acceleration in the tradable sector of the United States, in particular, appears 
to be temporary, consistent with the estimates of Ireland and Schuh (2007) for the degree of 
persistence of investment-specific technological progress. 

 
Detrended historical TFP paths are computed taking country and sector specific gross 

percent deviations from linear trends. The country and sector specific linear trends are 
calculated as time averages from 1980 up to the beginning of the shock periods. The 
beginning of the shock periods, in turn, is identified maximizing the model-based 
simulation’s ability to fit the U.S. trade balance path. The identified beginning of the shock 
periods are: 1995 and 2000 for the U.S. tradable and non-tradable sector, respectively; and 
1990 and 1995 for the euro area and Japan tradable and non-tradable sector, respectively. The 
resulting historical TFP paths, from 1995 to 2004, are plotted in Figure 2.  

 
Our quantitative results are somewhat sensitive to the time windows chosen to 

compute the averages used in the construction of the linear trends. Note, however, that the 
choice of these time windows can be interpreted as an assumption about the expectations 
agents have at the beginning of the shock period on the evolution of future TFP.7 
 
 

                                                 
6 We also looked at the TFP evolution in emerging Asia, with data from Jaumotte and Spatafora (2007). These 
data point to a possible deceleration of TFP growth in the region, consistent with the notion of a catch up and 
convergence with more advanced economies. This slowdown, however, is modest and it is thus unclear to what 
extent it may have had impact on this region’s large trade surplus after the mid-1990s crisis.  

7 Erceg, Guerrieri, and Gust (2002) and Hunt and Rebucci (2005), for instance, calibrate a learning process 
about future TFP growth to the time evolution of actual medium-term growth forecasts for the United States and 
show this can help improve the model’s ability to match the data, especially consumption and the exchange rate. 
Introducing “news shocks”, along the line of Jaimovich and Rebelo (2007), is an alternative way to address the 
same issue. 
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III. RESULTS  
 
The results compare actual and simulated paths. We simulated the model under four 

different scenarios: (i) U.S. non-tradable TFP only, (ii) U.S. tradable TFP only, (iii) both U.S. 
tradable and non-tradable TFP, and (iv), finally, tradable and non-tradable TFP in all three 
economies. Figure 3 plots the U.S. trade balance of goods and services as a share of GDP, in 
deviation from the model steady state, normalized so that the steady state is equal to the data 
in 1994:Q4 in all four scenarios. Figure 4 compares actual and simulated paths for the trade 
balance of the United States, Japan, the euro area, as well as emerging Asia, in the fourth 
scenario (measured as in Figure 3). Figure 5 plots the U.S. real effective exchange rate in the 
fourth scenario (in deviation from the model steady state, normalized so that the steady state 
is equal to the data value in 1994:Q4).  

 
The simulation with only U.S. non-tradable TFP tracks the U.S. trade balance 

evolution reasonably well (Figure 3) from 1999 onward. U.S. non-tradable TFP declines 
mildly between 1995 and 1999, with a sharper fall in 1999, and then increases strongly 
through 2004 (Figure 2). The associated trade balance dynamics results from the net effect of 
three different forces.8 First, there is a “composition” effect associated with the 
complementarity between tradables and nontradables and the strong substitutability among 
tradables. Driven by TFP changes, the relative price of non-tradable goods first rises and then 
falls (not reported). Correspondingly, U.S. demand of nontradables first decreases and then 
increases. Because of the complementarity between tradables and nontradables, U.S. 
consumption of tradable goods also decreases first and then increases. The U.S. terms of 
trade first deteriorates and then improves, and, with high substitutability, foreign demand of 
U.S. tradables (U.S. imports of foreign tradables) first increases and then decreases (first 
decrease and then increase). Therefore, these composition effect tend to push the U.S. trade 
balance into surplus initially, and then into deficit. Second, there is consumption smoothing. 
Households initially decrease and then increase consumption, but less than the labor and 
capital income changes associated with actual TFP changes. This second force tends to offset 
the composition effect, initially increasing and then reducing the trade balance deficit. Third, 
firms postpone investment, which is relatively intensive in tradables and less biased toward 
U.S. goods than the consumption basket, towards relatively more productive times.9 This 
third force pushes the trade balance in the same direction as the composition effect, initially 
into surplus and then into deficit. As a result, the trade balance deteriorates significantly only 
after 1999, as the desire to anticipate consumption is initially dominated by the composition 
effect and the firms’ desire to postpone investment. 

The simulation with only U.S. tradable TFP results in a persistent and counterfactual 
trade balance improvement in the United States between 1996 and 2000 (Figure 3). U.S. 
tradable TFP declines slightly in 1995 and then increases sharply until 2001, when it starts to 
                                                 
8 More details on the transmission mechanism are discussed in the appendix. 

9 The share of tradable goods in aggregate investment and consumption is 0.75 and 0.35, respectively. The bias 
towards domestic goods in the traded good basket of both the investment and consumption composite good is 
0.87. 
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revert toward its trend (Figure 2). The transmission mechanism is similar to the one for non-
tradable TFP. Consumption and investment gradually rise over time as labor and capital 
income increase. However, the composition effect depresses the U.S. terms of trade sharply 
and persistently, in this case, after a short-lived improvement.10 World demand, therefore, 
shifts strongly in favor of U.S. tradable goods after 1996, driving the trade balance into 
persistent surplus. Not surprisingly, the simulation with both tradable and non-tradable U.S. 
TFP tracks the evolution of the U.S. trade balance less well than in the case of only non-
tradable TFP, with the deficit deteriorating persistently only after 2003 in the latter case. 

The simulation with tradable and non-tradable TFP in all three economies tracks 
relatively well the trade balance of the euro area and Japan. In the case of emerging Asia, 
however, the model cannot account for the very large trade balance reversal associated with 
the crisis in 1997 and 1998 (Figure 4).11 For the euro area, the model fit is better in the first 
part of the simulation period, while for Japan the fit is better in the second part.12  Note, 
however, that the relatively large TFP swings that we feed to the model have small spillover 
effects to other countries. For instance, adding the TFP evolution of the euro area and Japan 
to the model (as in the fourth scenario reported) has essentially no impact on the U.S. trade 
balance evolution (Figure 3). This is in part because TFP changes in the euro area and Japan, 
during this period, are not conducive to large trade balance surpluses in these countries, but 
also because, in our multi-country model, the largest trade linkages of the United States are 
with the rest of the world, which in our calibration includes Canada and Mexico.  

The simulation with tradable and non-tradable TFP in all three economies also tracks 
the evolution of the U.S. real effective exchange rate relatively well. The simulation tracks 
well the direction, persistence, and turning point of the exchange rate response, although the 
volatility is less, and the turning point is earlier, than in the data (Figure 5). For example, the 
dollar stops appreciating in 1998:Q4, when non-tradable productivity starts to increase, and 
starts to fall in 2000:Q4. However, in the data, the dollar reversal in 1999 is followed by a 
renewed sustained appreciation through end-2001. As for the transmission mechanism, the 
simulated exchange rate dynamics is driven by a Harrod-Balassa-Samuelson effect. The 
relative price of non-tradable goods first raises and then declines sharply, in the simulation, 
dominating movements in the terms of trade. This is both because of the timing differences in 
TFP changes across tradable and nontradable sectors, as well as the large share of the non-
tradable sector in the U.S. consumption basket. 

These results are robust to the assumptions on the elasticity of substitution between 
home and foreign tradable goods, and between imports from different countries (see the 
working paper version of this article for more details on the latter). The results, however, are 

                                                 
10 The relative price of non-tradable goods initially falls, but by less than the increase in the tradable good price 
(because of the complementarity between tradables and nontradables), and then increases over time. 

11 See Cova, Piasni and Rebucci (2009) for an analysis of emerging Asia role in the global imbalances. 

12 We do not report model-based results for the rest of the world because we do not have a data benchmark for 
this aggregate due the well known global trade discrepancy. 
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sensitive to two other model features. First, reducing the value of the financial intermediation 
cost that determine model stationarity alters agents’ intertemporal consumption smoothing 
possibilities, strengthening the consumption response, and hence resulting in larger trade 
deficits, at the beginning of the simulation period.13 Second, as we mentioned in the previous 
section, the results are also sensitive to the implicit assumptions on agent’s expectations 
about future productivity, which would effectively alter actual TFP paths fed to the model. 

 
Our results are partly consistent with the existing empirical literature. We find that a 

one percent increase in U.S. productivity in the non-tradable sector decreases the U.S. trade 
account by 0.16 percent of GDP (See Figure A2 in the appendix), a value at the lower end of 
the 0.15-0.5 range of elasticities in the empirical work of Glick and Rogoff (1995), Bems, 
Dedola and Smets (2007) and Edwards (2007). On the other hand, given our calibration of 
the model, the U.S. trade balance moves into surplus, and the U.S. terms of trade depreciate, 
in response to a one percent increase in tradable TFP (see Figure A1 in the appendix), which 
runs counter the recent empirical evidence of Corsetti, Dedola, and Leduc (2007). 
 
 

IV. CONCLUSIONS 
 

This paper examined the role of TFP differences in the tradable and non-tradable 
sector of the United States, the euro area, and Japan on the emergence and evolution of 
today’s constellation of global trade imbalances. Feeding these differences to a global, 
flexible price DGE model yields dynamics that are partially consistent with those observed in 
the data. The simulations can explain a significant fraction of the overall deterioration in the 
U.S. trade balance since 1999, some of the surpluses in Japan and the euro area, as well as 
the persistent U.S. exchange rate swings observed in the data. The basic mechanisms at work 
in the model, however, result in an exchange rate that is too little volatile compared to the 
data.  

 
One important implication of the analysis is that, as past TFP accelerations seem 

persistent but ultimately temporary, and spillovers from TFP changes in individual countries 
appear small, rebalancing of the U.S., and hence global, trade imbalance should happen, at 
least in part, naturally, as the acceleration in U.S. non-tradable TFP slowly unwinds. More 
generally, the analysis highlights the importance of focusing on productivity developments in 
the non-tradable sector to understand the evolution of the trade balance and the exchange rate 
of large, relatively closed economies such as the United States, the euro area and Japan. 

 
We see the analysis of TFP differences across sectors and countries in the presence of 

financial frictions and policy distortions as a natural complement of the work reported in this 
paper and a promising area of future research. 

                                                 
13 In our simulations it would be possible to eliminate the adjustment costs on net foreign asset provided we 
specify the end value of the net foreign asset position, and solve the model with a two-point boundary algorithm 
(e.g., for instance, Mendoza and Tesar, 1998). 
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16 APPENDIX I

I.   THE MODEL

In this appendix we describe the model, its calibration, and the solution technique that we use.
The world economy consists of  ve regional blocs (‘countries’): United States (US), Japan (JAP),
EA (Euro area), Emerging Asia (AS), and Rest of the World (ROW). In each country there are
households,  rms, and a government. World population is normalized to unity. Country sizes
are denotes sCO, with

P
sCO = 1. We denote TRENDt the common stochastic trend for the

world economy and gt,τ its (gross) rate of growth, with TRENDτ = gt,τTRENDt. All quantity
variables in the model are expressed in detrended terms, i.e. as ratios of TREND.

Each household is in nitely-lived, consumes a non-tradable  nal good (C), and is the monopolistic
supplier of a differentiated labor input (c) to all domestic  rms.1

In each country there are two types of households: forward-looking or Ricardian ones (with
subscript FL) and liquidity-constrained or non Ricardian ones (with subscript LC). Liquidity-
constrained agents do not have access to capital markets and  nance their consumption exclusively
through income from labor. Forward-looking households own domestic  rms and the domestic
capital stock (K), which they rent to domestic  rms. The market for capital is competitive.
Capital accumulation is subject to standard adjustment costs. Labor and capital are immobile
internationally, but fully mobile across sectors.

Forward-looking households in each country also hold two short-term nominal bonds, one
denominated in domestic currency and issued by the country’s government, and another issued by
the United States and denominated in US dollars and with a zero net supply worldwide. There
are intermediation costs for national households entering the international bond market to induce
stationarity. No other asset is traded internationally.

In each country, perfectly competitive  rms produce two  nal nontradable goods, a consumption
good (A) and an investment good (E) using all types of intermediate goods as inputs (nontradables
N , domestic tradables Q, and imports M). Intermediate goods come in different brands, each
produced by a single  rm under conditions of monopolistic competition with domestic labor
inputs and domestic capital. Firms also provide intermediation services, without use of human or
physical resources. All prices and wages are fully  exible (the correspondent adjustment cost
is set to zero). Therefore, there is no role for monetary policy in the model (in each country the
interest rate rule imposes that the gross consumer price in ation rate equal to 1 in all period).

The government in each country consumes the two  nal goods and  nances its expenditures
by issuing debt. The government’s intertemporal solvency condition is guaranteed by a simple
feedback rule according to which lump-sum taxes vary as the debt-to-GDP ratio deviates from
some exogenous target ratio.

1Interpreting TRENDt as labor-augmenting technical change, ct in the model is time devoted to
work, assumed to be bounded by endowment, while effective labor is TRENDtct. It follows that
the nominal wage (the monetary remuneration for one unit of labor services c) can be trending
both because of nominal in ation and because of real (labor-augmenting) growth.
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As a general convention in the model, when we state that variable X follows an autoregressive
process, we mean that:

Xt = X
ρX
t−1eX,t (A-1)

where 0 < ρX < 1 and eX,t is a noise term.

A. Firms

Supply of intermediate goods

In each country there are two kinds of intermediate goods, tradables and nontradables. Each kind
is de ned over a continuum of brands of mass s. Without loss of generality, we assume that each
nontradable brand is produced by a single domestic  rm indexed by n ∈ [0, s], and each tradable
brand is produced by a  rm h ∈ [0, s].

The nontradable brand n is produced with the following CES technology:

Nt(n) = ZN,t

∙
(1− αN)

1
ξN ct(n)

1− 1
ξN + α

1
ξN
N Kt(n)

1− 1
ξN

¸ ξN
ξN−1

(A-2)

Firm n uses labor c(n) and capital K(n) to produce N(n) units of its brand. ξN > 0 is the
elasticity of input substitution, and ZN is a productivity shock common to all producers of
nontradables.

De ning as wt and rt the relative prices of labor and capital (in units of domestic consumption),
the marginal cost to produce nontradables is:

mct(n) =

n
(1− αN)w

1−ξN
t + αNr

1−ξN
t

o 1
1−ξN

ZN,t
(A-3)

and the capital-labor ratio is:
Kt(n)

ct(n)
=

αN

1− αN

µ
rt
wt

¶−ξN
(A-4)

Labor inputs are differentiated by skills. They are de ned over a continuum of mass equal to the
country size and indexed by j ∈ [0, s]. Each  rm n uses a CES combination of labor inputs:

ct(n) =

"µ
1

s

¶ 1
ψt
Z s

0

c(n, j)
1− 1

ψt dj

# ψt
ψt−1

(A-5)

where c(n, j) is the demand of labor input of type j by the producer of good n, and ψ > 1 is the
elasticity of substitution among different labor skills. Cost minimization implies that c(n, j) is a
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function of the relative wage:

ct(n, j) =

µ
1

s

¶µ
wt(j)

wt

¶−ψt
ct(n) (A-6)

where w(j) is the wage paid to Home labor input j and the wage index w is de ned as:

wt =

∙µ
1

s

¶Z s

0

wt(j)
1−ψtdj

¸ 1
1−ψt

(A-7)

Similar considerations hold for the production of tradables. We denote by T (h) the supply of each
intermediate tradable h. Using self-explanatory notation, we have:

Tt (h) = ZT,t

∙
(1− αT )

1
ξT ct(h)

1− 1
ξT + α

1
ξT
T Kt(h)

1− 1
ξT

¸ ξT
ξT−1

(A-8)

where ZT is an autoregressive process (in logarithm). Aggregating across  rms, we obtain the
total demand for labor input j as:Z s

0

ct(n, j)dn+

Z s

0

ct(h, j)dh

=

µ
wt(j)

wt

¶−ψt µ1
s

¶µZ s

0

ct (n) dn+

Z s

0

ct (h) dh

¶
≡
µ
wt(j)

wt

¶−ψt
ct (9)

where c is per-capita total labor in the economy.

Price setting in the nontradable sector

Consider now pro t maximization in the intermediate nontradable sector. Each  rm n takes into
account the demand (A-18) for its product and sets its price to maximize the real pro ts in each
period.

The price-setting problem is then characterized as:

max
pt(n)

(pt(n)−mct(n))

µ
pt(n)

pN,t

¶−θN
(NA,t +NE,t +GN,t) (pro ts)

where NA, NE, and GN represent the  nal demands by households and the government and
θN > 1 is the elasticity of subsitution between nontradable brands. The optimization problem
yields the standard constant mark-up pricing rule:

p(n) =
θN

θN − 1
mct(n) (A-10)

Since the  rms n are symmetric they all charge the same equilibrium price p(n) = pN .
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The distribution sector and price setting in the tradable sector

As we want to focus on export markets, our notation needs to account explicitly for country
indexes. In what follows we use the index CO to denote a generic country, and denote H the
country where the exporting  rm hH is located.

Following Corsetti et al. (2004), we assume that tradeable-producing  rms need distribution
services intensive in local nontradeables to deliver their products to  nal consumers. This implies
that the elasticity of demand for any tradable brand is not necessarily the same across markets,
re ecting asymmetries in the marginal costs and prices across the country-speci c distribution
sectors. As a consequence, it is optimal to price discriminate across markets.

Firms in the distribution sector are perfectly competitive. They purchase home and foreign
tradeable goods and distribute them domestically using a Leontief technology through which they
combine one unit of the tradeable with η ≥ 0 units of the basket of nontradeable brands n:

η ≡
∙Z 1

0

η (n)
θN−1
θN dn

¸ θN
θN−1

θN > 1 (A-11)

The distribution sector introduces a wedge η between wholesale and consumer prices. Denoting
with p̄COτ (hH) and pCOτ (hH) the wholesale and consumer prices of the home brand in country
CO, and p̄Hτ (h

H) and pHτ (h
H) their domestic counterparts, respectively, consumer prices are given

by:
pHt (h) = p̄Ht (h) + ηPH

N,t , pCOt (h) = p̄COt (h) + ηPCO
N,t (A-12)

where PH
N (PCO

N ) is the price of the home (generic importing country) composite basket η.2

Consider now the price-setting problem in the tradables sector. As the distribution sector induces
segmentation among  ve national markets in the world economy, each  rm h has to set  ve
prices, one in the domestic market and four in the export markets.

Taking equation (A-27) below into account, the four price-setting problems of  rm h in country
H can then characterized as follows:

max
CO p̄COt (hH)

X
CO

(A-14)⎧⎨⎩[εH,CO
t p̄COt (hH)−mcHt (h

H)] ∗ s
CO

sH

Ã
pCOt (hH)

pCO,HM,t

!−θHT ³
MCO,H

A,t +MCO,H
E,t +GCO,H

H,t

´⎫⎬⎭
2The price index PCO

N is:

PCO
N =

∙Z 1

0

pCO (n)1−θN dn

¸ 1
θN−1

(A-13)

This is the minimum expenditure necessary to buy one unit of the basket η.



20 APPENDIX I

When H 6= CO, recall that p̄CO(hH) is the wholesale price of good hH in country CO, p̄CO,HM is
the wholesale price of country CO’s imports from country H, and MCO,H

A +MCO,H
E are country

CO’s imports from country H. The term εH,CO is the bilateral real exchange rate between country
H and country CO (an increase in εH,CO represents a real depreciation of country H’s currency
against country CO).3 θHT > 1 is the elasticity of substitution between tradable brands produced
in country H.

For the domestic prices of tradables p̄H(hH) we use (A-14) with CO = H, adopting the notational
conventions p̄H,H

M = p̄HQ , MH,H
A = QH

A and MH,H
E = QH

E as described in (A-19) below.

Demand for domestic intermediate goods

As we just saw in the last section, intermediate inputs come in different brands and are produced
under conditions of monopolistic competition. They are then bundled by a continuum of
symmetric  rms indexed by x ∈ [0, s], where 0 < s < 1 is the country size, into two baskets
of intermediate goods (tradable and nontradable) under perfect competition. Consider now the
composition of the baskets of intermediate goods.

Focusing  rst on the basket NA, this is a CES index of all domestic brands of nontradables.
Denoting as NA (n, x) the demand by  rm x of an intermediate good produced by  rm n, the
basket NA(x) is:

NA,t(x) =

"µ
1

s

¶ 1
θN,t

Z s

0

NA,t (n, x)
1− 1

θN,t dn

# θN
θN−1

(A-15)

Firm x takes as given the prices of the nontradable goods p(n) and minimizes its costs subject to
its production technology (A-15). Cost minimization implies:

NA,t(n, x) =
1

s

µ
pt(n)

pN,t

¶−θN
NA,t(x) (A-16)

where pN is the price of one unit of the non-tradable basket, or:

pN,t =

∙µ
1

s

¶Z s

0

pt (n)
1−θN dn

¸ 1
1−θN

(A-17)

The basket NE is similarly characterized. Aggregating across  rms, and accounting for public
demand of nontradables — here assumed to have the same composition of private demand — we

3All exchange rates are quoted in real terms, that is, in relative consumption units. Of course,
εH,CO = 1/εCO,H and εH,H = 1.
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obtain the total demand for good n as:4Z s

0

NA,t(n, x)dx+

Z s

0

NE,t(n, e)de+GN,t(n) =

µ
pt(n)

pN,t

¶−θN
(NA,t +NE,t +GN,t) (A-18)

Following the same steps we can derive the domestic demand schedules for the intermediate
goods h:Z s

0

QA,t(h, x)dx+

Z s

0

QE,t(h, e)de+GA,t(h) =

µ
pt(h)

pQ,t

¶−θHT
(QA,t +QE,t +GA,t) . (A-19)

Demand for imports

The derivation of the foreign demand schedule for good h shares the same functional form as
(A-18) and (A-19) above and can be written as a function of the relative price of good h (with
elasticity θT,t) and total foreign demand for imports.

Let us focus  rst on import demand in the consumption good sector. Since we deal with goods
produced in different countries, the notation needs to rely on speci c country indexes. Thus, we
refer again to a generic country as CO, to the importing country as H, and to the representative
 rm in the consumption sector as xH ∈ [0, sH ]. Its imports MH

A (x
H) are a CES function of

baskets of goods imported from the other countries, or:

MH
A,t(x

H)
1− 1

ρH
A =

X
CO 6=H

³
bH,CO
A

´ 1

ρH
A

³
MH,CO

A,t (xH)
´1− 1

ρH
A (A-20)

where:
0 ≤ bH,CO ≤ 1,

X
CO 6=H

bH,CO = 1 (A-21)

In (A-20) above, MH,CO
A (xH) denotes imports of country H’s  rm xH from country CO, while

ρHA is the elasticity of import substitution across countries: the higher ρHA , the easier it is for  rm
xH to substitute imports from one country with imports from another. The parameters bH,CO

A

determine the composition of the import basket across countries.

Denoting pH,CO
M the relative price in country H of a basket of intermediate inputs imported from

CO, cost minimization implies:

MH,CO
A,t (xH) = bH,CO

A

Ã
pH.CO
M,t

pHMA,t(x
H)

!−ρHA
MH

A,t(x
H) (A-22)

4Variables which are not explicitly indexed (to  rms or households) are expressed in per-capita
(average) terms. For instance At ≡ (1/s)

R s
0
At(x)dx.
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The import price in the consumption sector, pHMA, is de ned as:

pHMA,t(x
H) =

" X
CO 6=H

bH,CO
³
pH,CO
M,t

´1−ρHA# 1

1−ρH
A

(A-23)

In principle, the cost-minimizing import price pHMA(x
H) is  rm-speci c, as it depends on  rm

xH’s import share. To the extent that all  rms xH are symmetric within the consumption sector,
however, there will be a unique import price pHMA.5

Let us now consider the basket MH,CO
A (xH) in some detail. In analogy with (A-15) above, it is

a CES index of all brands of tradable intermediate goods produced by  rms hCO operating in
country CO and exported to country H. Denoting as MH,CO

A

¡
hCO, xH

¢
the demand by  rm xH

of an intermediate good produced by  rm hCO, the basket MH,CO
A

¡
xH
¢

is:

MH,CO
A,t (xH) =

"µ
1

sCO

¶ 1

θCO
T,t

Z sCO

0

MH,CO
A,t

¡
hCO, xH

¢1− 1

θCO
T dhCO

# θCOT
θCO
T

−1

(A-24)

where θCOT > 1 is the elasticity of substitution among intermediate brands, the same elasticity
entering (A-19) in country CO.

The cost-minimizing  rm xH takes as given the prices of the imported goods pH(hCO) and
determines its demand of good hCO according to:

MH,CO
A,t (hCO, xH) =

1

sCO

Ã
pHt (h

CO)

pH,CO
M,t

!−θCOT
MH,CO

A,t (xH) (A-25)

where MH,CO
A,t (xH) has been de ned in (A-22) and pH,CO

M is:

pH,CO
M,t =

"µ
1

sCO

¶Z sCO

0

pHt
¡
hCO

¢1−θCOT dhCO

# 1

1−θCO
T

(A-26)

The import demand schedules in the investment good sector can be derived in the same way.
Finally, we can derive country CO’s demand schedule for country H’s intermediate good hH , that
is, the foreign equivalent of (A-19). Aggregating across  rms (and paying attention to the order of
the country indexes) we obtain:Z sCO

0

MCO,H
A,t (hH , xCO)dxCO +

Z sCO

0

MCO,H
E,t (hH , eCO)deCO +GCO,H

A,t (h)

=
sCO

sH

Ã
pCOt (hH)

pCO,HM,t

!−θHT,t ³
MCO,H

A,t +MCO,H
E,t

´
+

Ã
pCOt (hH)

pCO,HM,t

!−θHT
GCO,H
A,t (h) (27)

5It follows that pHMAM
H
A =

P
CO 6=H pH,CO

M MH,CO
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Final goods

The baskets of intermediate goods are used in each country by a continuum of symmetric  rms to
produce two  nal goods, the consumption good (A) and the investment good (E) under perfect
competition.6

Consider  rst the consumption sector. Each  rm is indexed by x ∈ [0, s], where 0 < s < 1 is the
country size. Indicating  rm x’s output at time (quarter) t with At(x), the consumption good is
produced with the following nested constant elasticity of substitution (CES) technology:

At(x)
1− 1

εA =
¡
1− γA,t

¢ 1
εA NA,t(x)

1− 1
εA

+γ
1
εA
A,t[ν

1
μA
A QA,t(x)

1− 1
μA + (1− νA)

1
μA MA,t(x)

1− 1
μA ]

μA
μA−1

1− 1
εA (A-28)

Three intermediate inputs are used in the production of the consumption good A: a basket NA of
nontradable goods, a basket QA of domestic tradable goods, and a basket MA of imported goods.
The elasticity of substitution between tradables and nontradables is εA > 0, and the elasticity of
substitution between domestic and imported tradables is μA > 0. The weights of the three inputs
are, respectively, 1− γA, γAνA and γA (1− νA) with 0 < γA, νA < 1.

Firm x takes as given the prices of the three inputs and minimizes its costs subject to the
technological constraint (A-28). Cost minimization implies that  rm x’s demands for intermediate
inputs are:

NA,t(x) =
¡
1− γA,t

¢
p−εAN,t At(x) (A-29)

QA,t(x) = γA,tνAp
−μA
Q,t p

μA−εA
XA,t At(x) (A-30)

MA,t(x) = γA,t (1− νA) p
−μA
MA,tp

μA−εA
XA,t At(x) (A-31)

where pN , pQ and pMA are the relative prices of the inputs in terms of consumption baskets and
pXA is the price of the composite basket of domestic and foreign tradables, or:

pXA,t ≡
h
νAp

1−μA
Q,t + (1− νA) p

1−μA
MA,t

i 1
1−μA (A-32)

The technologies for the production of consumption and investment goods can be parametrized
differently but their functional forms are the same, with self-explanatory changes in notation. For
instance, a  rm e ∈ [0, s] produces the investment good demands nontradable goods according
to:

NE,t(e) =
¡
1− γE,t

¢
(pN,t/pE,t)

−εE Et (A-33)

Note that pMA and pME are sector-speci c as they re ect the different composition of imports -
described below - in the two sectors, while pN and pQ are identical across sectors.

6A is the numeraire of the economy and all national prices are expressed in terms of domestic
consumption units, that is relative to the consumer price index (CPI).
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B. Households

Consumer preferences

In each country there is a continuum of households indexed by j ∈ [0, s], the same index of labor
inputs. Some households have access to capital markets, while others do not. The latter, indexed
by j ∈ [0, s (1− sLC)],  nance their consumption by relying exclusively on their income from
labor and are a share (1− sLC) of total domestic households. The former are a share sLC of total
domestic households and are indexed by j ∈ (s (1− sLC) , s].

The speci cation of households’ preferences adopts the Greenwood, Hercowitz and Huffman
(1988) (GHH) utility function, adjusted for habit formation and preference shocks. Denoting with
Wt(j) the lifetime expected utility of household j, we have:

Wt(j) ≡ Et
∞X
τ=t

βτg1−σt,τ uτ( Cτ (j), cτ(j) ) (A-34)

where the instantaneous felicity is a function of detrended consumption C and labor effort c:

ut ( Ct(j), ct(j) ) = ZU(1−
bc

gt−1,t
)(
1− bc
1− σ

)

∗[Ct(j)− bcCj,t−1/gt−1,t
1− bc/gt−1,t

− ZV

1 + ζ
(
ct(j)− bccj,τ−1

1− bc
)1+ζ ]1−σ (A-35)

In the expressions above βτ is the discount rate between time t and time τ , possibly different
across countries. The term g1−σt,τ in (A-34) implies that the disutility of labor effort increases
with the common trend. As customary, this feature can be interpreted as technological progress
associated with home production activities, here related to the global trend. The parameter σ in
(A-34) and (A-35) is the reciprocal of the elasticity of intertemporal substitution. The parameter ζ
which affects the curvature of labor disutility is the reciprocal of the Frish elasticity.

There is habit persistence in consumption with coef cient 0 < bc < 1. The term Cj,t−1 in (A-35)
is past per-capita consumption of household j’s peers. Similarly, there is habit persistence in
leisure with coef cient 0 < bc < 1.7 The terms ZU and ZV are constants.

7The instantaneous felicity is normalized such that in a steady state U , UC and Uc can all be
written as constant ∗ f(C, c), where f is some function of steady-state consumption and labor
effort, independent of the habit persistence coef cients.
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Budget constraint (Ricardian households)

The individual  ow budget constraint for Ricardian agent j ∈ [0, (1− sLC) s] is:

Bt(j) + εtB
∗
t (j) ≤ (1 + it−1)

Bt−1(j)

gt−1,t
+ (1 + i∗t−1) [1− ΓB,t−1]

εtB
∗
t−1(j)

gt−1,t

+ rtKt(j) + wt(j)ct(j)− Ct(j)− pE,tIt(j) + Φt(j)− TTt(j) (36)

where TTt < 0 is a positive transfer to households.

Households hold two real bonds: Bt(j) represents (detrended) holdings of domestic bond by
household j, expressed in terms of domestic consumption units, while B∗t (j) indicates (detrended)
holdings of the international bond, expressed in terms of US consumption units, and εt is the
CPI-based, bilateral real exchange rate, expressed as the price of one unit of US consumption
basket in terms of domestic consumption.8

The short-term real rates it and i∗t are paid at the beginning of period t + 1 and are known at
time t. Only the US bond is traded internationally and is in zero net supply worldwide, while
the domestic bond is issued by the local government.9 It follows that the net  nancial wealth of
Ricardian household j at time t is:

Ft(j) ≡ (1 + i∗t−1) [1− ΓB,t−1]
εtB

∗
t−1(j)

gt−1,t
(A-37)

A  nancial friction ΓB is introduced to guarantee that international net asset positions follow
a stationary process and that economies converge asymptotically to a well-de ned steady
state. Agents who take a position in the international bond market must deal with  nancial
intermediaries who charge a transaction fee ΓB on sales/purchases of the international bond.10 This
transaction cost is a function of the aggregate net foreign asset position of the whole economy.
Speci cally, we adopt the following functional form:

1− ΓB,t =

µ
1− φB1

exp (φB2 [εtB
∗
t − b∗FGDPt])− 1

exp (φB2 [εtB
∗
t − b∗FGDPt]) + 1

¶
(A-38)

where 0 ≤ φB1 ≤ 1, φB2 > 0, and εtB
∗ ≡ (1/s) εt

R s(1−sLC)
0

B∗(j)dj represents the per-capita
net asset position of the country in consumption units. The term b∗F is the steady state net asset
position of the country expressed as a ratio of GDP .11

8Note that ε is shorthand for εH,US, where H denotes the country under consideration.
9If the country under consideration is the United States, ε = 1 and i = i∗.

10In our model it is assumed that all intermediation  rms are owned by the country’s residents,
and that their revenue is rebated to domestic households in a lump-sum form. A simple variant of
the model in which intermediation  rms are owned by foreign residents leaves the basic results
virtually unchanged. There are no intermediation costs for US residents entering the international
bond market, that is, there is no difference between onshore and offshore US interest rates.
11The concept of GDP in our model will be discussed below with reference to (A-52).
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To understand the role played by ΓB, suppose  rst that b∗F = 0. In this case, when the net asset
position of the country is equal to its steady state level of zero, it must be the case that ΓB = 0
and the return on the international bond is equal to 1 + i∗. If the country is a net creditor ΓB rises
above zero, implying that domestic residents lose an increasing fraction of their international bond
returns to  nancial intermediaries. When holdings of the international bond go to in nity, the
return on the international bond approaches (1 + i∗) (1− φB1). By the same token, if the country
is a net debtor worldwide ΓB falls from zero to−φB1, implying that households pay an increasing
intermediation premium on their international debt. When net borrowing goes to in nity, the cost
of borrowing approaches (1 + i∗) (1 + φB1). The parameter φB2 controls the  atness of the ΓB
function: if φB2 = 0 then ΓB = 0 regardless of the net asset position; if φB2 tends to in nity then
1− ΓB = (1− φB1) for any arbitrarily small net lending position, and 1− ΓB = (1 + φB1) for
any arbitrarily small net borrowing position. An appropriate parameterization allows the model to
generate realistic dynamics for net asset positions and current account.

Households accumulate physical capital which they rent to domestic  rms at rate r. The law of
motion of capital is:

Kt+1(j)gt,t+1 = (1− δ)Kt(j) + ΓI,tKt(j) 0 < δ ≤ 1 (A-39)

where δ is the country-speci c depreciation rate of capital. To simulate realistic investment  ows,
capital accumulation is subject to adjustment costs. Capital accumulation is denoted by ΓI,tKt(j),
where ΓI(.) is an increasing, concave, and twice-continuously differentiable function of the
investment/capital ratio It(j)/Kt(j) with two properties entailing no adjustment costs in steady
state: ΓI(δ + g − 1) = δ + g− 1 and Γ0I(δ + g− 1) = 1. The speci c functional form we adopt is
quadratic and encompasses inertia in investment:

ΓI,t(j) ≡
It(j)

Kt(j)
− φI1

2

µ
It(j)

Kt(j)
− (δ + g − 1)

¶2
where φI1 ≥ 0, and g is the steady-state growth rate.

Each household j is the monopolistic supplier of a speci c labor input and sets the nominal wage
for its labor variety j accounting for (A-9).

Ricardian households own all domestic  rms and there is no international trade in claims on
 rms’ pro ts. Finally, the variable Φ in the budget constraint includes all dividends accruing
to shareholders, plus revenue from  nancial intermediation which is assumed to be provided by
domestic  rms exclusively.

Liquidity-constrained households

A fraction of the population is composed by liquidity-constrained households, that do not
borrow or save because of lack of access to  nancial markets. Hence, they cannot smooth their
consumption intertemporally. Each household is subject to the following budget constraint:

Ct(j) = wt(j)Lt(j)− TTt(j)
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For simplicity we assume that the amount of hours worked, Lt, the real wage and the per capita
amounts of net transfers from the  scal authority are the same as the correspondent counterparts
received by the forward-looking agents.

C. Government

Given that all prices and wages are fully  exible, we impose that there is no role for monetary
policy. For calibration purposes, we assume there is a  scal authority in each country which
consumes  nal goods and collects lump-sum taxes following a simple feedback rule such that
deviations of the government debt-to-GDP ratio from its target are temporary.

Speci cally, public spending falls exclusively on intermediate nontradable goods. The Home
government budget constraint is:

BG,t

Rt
−BG,t−1 = pN,tGt − TTX,t

BG is the negative of a riskless one-period real bond domestically sold (government debt). TTX
are total lump-sum taxes (in consumption units) paid by the households. Rt is the gross real
interest rate. We assume that Ricardian and non-Ricardian agents are equally taxed. Taxes are set
so as to stabilize the public debt: µ

TTXt

TTX

¶
=

µ
BG,t

BG

¶φB

where φB > 0 and TTX and BG are the steady state values of tax and public debt.

D. Market clearing and the current account

The model is closed by imposing the following resource constraints and market clearing
conditions, adopting explicit country indexes.

For every country H , the domestic resource constraints for capital and labor are, respectively:Z sH(1−sHLC)

0

KH
t (j

H)djH ≥
Z sH

0

KH
t (n

H)dnH +

Z sH

0

KH
t (h

H)dhH (A-40)

and:

cHt (j
H) ≥

Z sH

0

cHt (n
H , jH)dnH +

Z sH

0

cHt (h
H , jH)dhH (A-41)

The resource constraint for the nontradable good nH is:

NH
t (n

H) ≥
Z sH

0

NH
A,t(n

H , xH)dxH +

Z sH

0

NH
E,t(n

H , eH)deH + η (n)

Z sH

0

Tt
¡
hH
¢
dhH +Gt

(A-42)
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while the tradable hH can be used by domestic  rms or imported by foreign  rms:

Tt
¡
hH
¢
≥
Z sH

0

QA,t(h
H , xH)dxH +

Z sH

0

QE,t(h
H , eH)deH

+
X

CO 6=H

ÃZ sCO

0

MCO,H
A,t (hH , xCO)dxCO +

Z sCO

0

MCO,H
E,t (hH , eCO)deCO

!
(A-43)

The  nal good A can be used for private consumption (by both liquidity-constrained and
forward-looking households):Z sH

0

AH
t (x

H)dxH ≥
Z sH(1−sHLC)

0

CH(jH)djH +

Z sH

sH(1−sHLC)
CH(jH)djH (A-44)

and similarly for the investment good E:Z sH

0

EH
t (e

H)deH ≥
Z (1−sHLC)sH
0

IHt (j
H)djH (A-45)

Market clearing in the asset market requires:Z sH(1−sHLC)

0

BH
t (j

H)djH = sHBH
t (A-46)

for the  ve government bond markets, and:X
CO

Z sCO(1−sCOLC )

0

B∗COt (jCO)djCO = 0. (A-47)

E. Measuring output and current account

The current account balance of country H can be written as:

CURBALH
t = εH,US

t

µ
B∗Ht −

B∗Ht−1
gt−1,t

¶
=

i∗t−1ε
H,US
t B∗Ht−1
gt−1,t

+ TBALH
t (A-48)

The left hand side of (A-48) represents algebraically country H’s current account, the  rst term
on the right hand side indicates net factor payments from the rest of the world to country H and
TBAL is the trade balance. The latter can be expressed in symbols as:

TBALH
t = EXH

t − IMH
t (A-49)

where total exports EX are:

EXH
t = pHT,tT

H
t − pHQ,t

¡
QH

A,t +QH
E,t

¢
(A-50)
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and total imports IM are:

IMH
t = pMA,tM

H
A,t + pME,tM

H
E,t =

X
CO 6=H

pH,CO
M,t

³
MH,CO

A,t +MH,CO
E,t

´
(A-51)

Finally, we de ne the model-based Gross Domestic Product (in consumption units) as:

GDPH
t = AH

t + pHE,tE
H
t +EXH

t − IMH
t = pHN,tN

H
t + pHT,tT

H
t (A-52)

so that:

CURBALH
t = TBALH

t +
i∗t−1ε

H,US
t B∗Ht−1
gt−1,t

= GDPH
t −

¡
CH
t + pHE,tI

H
t

¢
+
i∗t−1ε

H,US
t B∗Ht−1
gt−1,t

(A-53)

Note that, while theoretically consistent with the model, this measure of output is not consistent
with standard,  xed-weight, constant-dollar measures of real GDP constructed by national
accounts. The problem is particularly severe for relatively open economies facing large swings in
real exchange rates and relative prices. In the simulations, we therefore adopt ‘national accounts’
concepts for GDP , TBAL and their components, evaluating constant-dollar expenditures at any
time t by using  xed steady-state prices instead of the corresponding relative prices at time t.

F. The equilibrium

We  nd a symmetric equilibrium of the model. In each country there are two representative
agents (Ricardian and non-Ricardian) and four representative  rms (belonging to the intermediate
tradable sector, the intermediate nontradable sector, the consumption production sector and the
investment production sector). The equilibrium is a sequence of allocations and prices such that,
given initial and transversality conditions and the sequence of exogenous shocks, each private
agent and  rm satisfy the correspondent  rst order conditions such that market clearing conditions
hold.

I. CALIBRATION

To calibrate the model we rely on previous GEM work at the IMF (e.g., Hunt and Rebucci (2005),
Batini, N’Diaye, Rebucci (2005), Faruquee et al. (2007)) and on the real business cycle and trade
literature. Table A1 provides a data benchmark for the steady state of the model. Tables A2
through A5 document the parameterization adopted.

Table A2 reports the parameter governing the optimization problem of households and  rms. The
share of non Ricardian households is 10 percent, in all  ve regional blocs. Although households
differ with respect to their access to  nancing, the preferences of the liquidity-constrained and
forward-looking households are identical. We set identical discount factors, at 0.997, which
implies a steady state quarterly real interest rate of 0.53 percent, and unitary elasticities of
intertemporal substitution in consumption (i.e., logarithmic period utility). For labor, we assume
a common value for the Frish elasticity of 0.67. The elasticity of substitution between labor and
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capital is set at 0.75 in both the tradable and non-tradable sectors. This is slightly lower than
the conventional (Cobb-Douglas) unitary assumption to help reduce the sensitivity of capital to
changes in its relative price. The bias towards the use of capital, sector-specific but common
across countries, yields a slightly higher investment share of GDP for emerging Asia (close to
18 percent) relative to the other blocks, whose investment shares are very similar (between 15
and 16 percent). In all regions, the non-tradable sector (e.g., services) is assumed to be less
capital-intensive than the tradable sector (e.g., manufacturing). The depreciation rate is assumed
to be 2 percent per quarter across all regions (8 percent per year). Following the trade literature,
as well as Engel and Rogers (2006), we set the elasticity of substitution between imported goods
and that between (domestic and imported) tradeable to a relatively high level, equal to 4, thus
typically higher than in the GEM. The substitution between tradable and non-tradable is set to a
more conventional level of 0.5, consistent with the GEM.

The only real rigidities that we keep are described in Table A3. The distribution cost parameter
is set at 0.3, a value very close to that used in the GEM. Following the RBC literature, the capital
adjustment cost parameter is set very low, at 0.01, and habit persistence on consumption and labor,
as well as adjustment costs on investment, are set to 0 (not reported in Table A3).

There are separate mark-ups on tradable and non-tradable goods since firms have pricing power
under monopolistic competition (Table A4). We use estimates for the price mark-ups from
Martins, Scarpetta, and Pilat (1996) and take the simple average of their sector-specific values for
the United States, Japan, the euro area, and the rest of the world. This yields average mark-ups
of 18 and 35 percent for the traded and non traded sectors, respectively. In the labor market, we
assume agents have the same pricing power, yielding a 20 percent wage mark-up in all regions.

The calibration of each international linkages is reported in Table A5. The regional composition
of imports in Table A5, as well as the weight coefficients in the demand function for imports in
Table A2, are consistent with the matrix of trade shares (at end 2002) used to calibrate the IMF
GEM. The elasticity of substitution among baskets of imports from different countries is slightly
higher than the elasticity between home and foreign tradable goods, at 5. The maximum and the
steepness of the financial intermediation cost on net foreign asset holdings are set as in the GEM
at 0.05 and 0.1, respectively.

The common gross rate of growth, gtτ , is set to one. This corresponds to assuming that the model
is stationary and there is no underlying trend growth.

II. TRANSMISSION

To better illustrate the transmission mechanism implied by the model, we report the impulse
response to unitary TFP shocks in the United States. To do so, we assume that technology follow
AR(1) processes with autoregressive coefficient equal to 0.99, with no correlation across sectors
or countries, in both the tradable and non-tradable sector, and solve the model for its rational
expectation equilibrium (always in DYNARE).
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Figure A1 and A2 report the impulse responses to these TFP shocks in the tradable and
non-tradable sector, respectively.12 A temporary but persistent TFP increase in the U.S. tradable
sector leads to a persistent trade balance improvement and an effective exchange rate appreciation
with our calibration (Figure A1). Key to understand the trade balance response are the high
elasticity of substitution between domestically and foreign produced tradable goods, the low
elasticity between tradable and nontradable goods (implying that domestic and imported tradable
are substitute while domestic tradables and nontradables are complement), and the high shares of
domestic tradable goods and non tradable goods in U.S. investment and consumption, respectively.

The higher TFP level leads to lower marginal costs and relative prices in the U.S. tradable sector,
and hence to a terms of trade deterioration for the United States. As the elasticity of substitution
between home and foreign tradables is above one, output increases more than the price falls,
with a positive income and wealth effect. Firms in the tradable sector take advantage of higher
productivity and lower costs and expand output, also increasing factor demand and remunerations,
with a positive effect on income and wealth. U.S. investment is intensive in domestic tradables,
so higher demand for capital can be met in part with higher U.S. production of tradables.
As the relative price of tradable goods has fallen, world aggregate demand for U.S. tradable
goods increases. Tradable and non-tradable goods are complements, therefore consumption of
non-tradable goods also increases on impact. After the initial increase, the relative price of non
tradable goods gradually reverts back toward its steady state value, and consumption of non
tradable goods increases further, pulling along overall consumption, given this is intensive in
non-tradables. As a result, aggregate consumption has an hump-shaped response to the shock with
our calibration, and the trade balance improves, despite the increases in aggregate investment.

The relatively high weight of non-tradables in the consumption baskets and our calibration of
the trade elasticities generate a persistent Harrod-Balassa-Samuelson (HBS) effect, with the
increase in the relative price of non tradable goods dominating the fall in the relative price of the
tradable goods and the associated terms of trade deterioration. As a result the real exchange rate
appreciates persistently in response to this shock.

This transmission mechanism is fairly robust. With lower elasticities of substitution between
home and foreign tradable goods (i.e., 2, about the same as those used by Faruque et al (2007)),
the terms of trade deterioraton is lower and much more persistent, the shift of world demand
toward U.S. tradable goods is smaller, and the consumption increase is more frontloaded (as the
initial fall in the relative price of tradables is lower and more persistent). This results in a larger
deterioration of the trade balance. With even higher elasticity of substitution (i.e., 6, as in Engel
and Rogers (2006)) we find a larger surplus. Neither of these changes affects the the sign of the
exchange rate responses though.

12The responses are absolute deviations from steady state levels. Note also that the terms of trade
and the relative price of nontradables are defined as import over export prices (i.e. an increase
corresponds to a terms of trade deterioration), and as nontradable prices over domestic consumer
prices, respectively. As a result, an increase in the real effective exchange rate is a depreciation.
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The same intuition explains why, in contrast, a productivity acceleration in the U.S. non-tradable
sector, leads to a persistent deterioration of the U.S. trade balance and an effective exchange rate
depreciation (Figure A2). Specifically, in response to a TFP shock in the non-tradable sector,
marginal costs and relative prices fall in this sector. U.S. demand of non-tradables increases.
However, the complementarity between tradable and non-tradable and the large size of the
nontradable sector imply that consumption and the relative price of tradable goods also increase,
with an improvement in the terms of trade. Foreign demand for U.S. tradable goods decreases,
and therefore the U.S. trade balance deteriorates. Firms in both sectors expand output, and
investment (intensive in tradable goods) increases sharply, lifting the U.S. import demand. The
U.S. real exchange rate depreciates, despite a terms of trade improvement, because the relative
price of nontradables appreciates, given that non tradable goods have a relatively high weight in
the consumer price index.
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Table A1: Steady-state National Accounts (In percent of GDP)

US JA AS EA ROW

Private Consumption 68.96 59.64 69.33 58.99 67.83
Forward-looking consumers 62.64 52.56 54.71 54.73 62.00
Liquidity-constrained consumers 6.31 7.08 14.60 4.25 5.83
Private Investment 15.94 21.08 19.34 15.32 15.73
Public Expenditure 14.51 19.78 12.1 25.5 16.8
Trade balance 0.60 -0.41 -0.64 0.18 -0.37
Imports 11.46 11.49 26.73 17.41 22.98
Consumption Goods 7.33 8.06 11.32 15.01 12.13
Investment Goods 4.13 3.43 15.40 2.40 10.85

Government Debt 61.5 80.0 55.0 60.0 60.0
Net Foreign Assets -51.08 55.03 49.02 -11.3 26.4
Share of World GDP (percent) 30.05 11.48 9.83 22.80 25.84
Source: Batini, N’Diaye, Rebucci (2005).
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Table A2: Households and Firms Behavior

US JA AS EA ROW

Rate of time preference .997 .997 .997 .997 .997
Depreciation rate 0.02 0.02 0.02 0.02 0.02
Intertemporal elasticity of substitution 1.00 1.00 1.00 1.00 1.00
Inverse of the Frisch elasticity of labor 1.50 1.50 1.50 1.50 1.50
Share of liquidity-constrained consumers 0.10 0.10 0.10 0.10 0.10
Tradable Intermediate Goods
Substitution between factors of production 0.75 0.75 0.75 0.75 0.75
Bias towards capital 0.60 .60 0.60 0.60 0.60
Nontradable Intermediate Goods
Substitution between factors of production 0.75 0.75 0.75 0.75 0.75
Bias towards capital 0.50 .50 0.50 0.50 0.50
Final consumption goods
Substitution between domestic and imported goods 4 4 4 4 4
Bias towards domestic goods 0.87 0.49 0.15 0.04 0.20
Substitution between tradables and nontradables 0.50 0.50 0.50 0.50 0.50
Bias towards tradable goods 0.35 0.36 0.37 0.36 0.30
Final investment goods
Substitution between domestic and imported goods 4 4 4 4 4
Bias towards domestic goods 0.87 0.63 0.06 0.92 0.14
Substitution between tradables and nontradables 0.50 0.50 0.50 0.50 0.50
Bias towards tradable goods 0.75 0.77 0.82 0.75 0.73

Table A3: Real rigidities

US JA AS EA ROW
Capital accumulation 0.01 0.01 0.01 0.01 0.01
Distribution costs 0.30 0.30 0.30 0.30 0.30

Table A4: Price and Wage Markups

US JA AS EA ROW
Tradables Price Markups

1.18 1.18 1.18 1.18 1.18
Nontradables Price Markups

1.35 1.35 1.35 1.35 1.35
Wage Markup

1.20 1.20 1.20 1.20 1.20
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Table A5: International Linkages

US JA AS EA ROW
Substitution between consumption imports 5 5 5 5 5
Bias towards imported consumption goods from
US ... 0.45 0.23 0.04 0.39
JA 0.06 ... 0.12 0.03 0.01
AS 0.17 0.38 ... 0.14 0.02
EA 0.16 0.10 0.25 ... 0.58
ROW 0.61 0.07 0.40 0.79 ...
Substitution between investment imports from 5 5 5 5 5
Bias towards imported investment goods from
US ... 0.53 0.26 0.26 0.37
JA 0.06 ... 0.13 0.05 0.04
AS 0.28 0.25 ... 0.14 0.16
EA 0.16 0.13 0.12 ... 0.43
ROW 0.50 0.09 0.49 0.55 ...
Net Foreign Liabilities
Maximum of  nancial intermediation cost function 0.05 0.05 0.05 0.05 0.05
Steepness of  nancial intermediation cost function 0.1 0.1 0.1 0.1 0.1
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Figure A1. US Tradable TFP Shock
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Figure A2. US Non-Tradable TFP Shock
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