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1 Introduction

For some countries the data on terms of trade - defined as the ratio of import prices to export prices - and
aggregate productivity are negatively correlated.1 In other words, when the terms of trade deteriorate
(i.e., increase) oftentimes productivity declines, suggesting that access to imports is crucial for productiv-
ity.2 Moreover, the data shows signs of positive productivity spillovers across countries over the business
cycle, which brings additional support to the idea that a country’s low supply of exports reduces its trade
patterns’ productivities.3 However, much of the standard theory on international real business cycles, ini-
tiated by Backus et. al. (1992), is silent on this evidence. First, according to this theory, a fall in a country’s
productivity leads to an improvement of its terms of trade. Second, the standard theory does not have
any endogenous mechanism through which productivity spillovers occur. Third, as shown by Kehoe and
Ruhl (2008), economic efficiency intrinsic to these models guarantees that terms of trade have no effect on
productivity and thus have no role in explaining the cross-border productivity spillovers.

In this paper, I revisit the question of how terms of trade (TT) affect total factor productivity (TFP)
using a two-country DSGE monopolistic competitive model. In the model, intermediate good producing
firms located in each country use standard factors (capital and labor) in combination with intermediate
goods (domestic or imported) and sell their output to both domestic and foreign markets. I adopt the
view that output markets are monopolistic competitive as in Dixit and Stiglitz (1977). The presence of
intermediate goods introduces input-output linkages as in Jones (2011). Production in each country is
affected by an aggregate (Hicks-neutral) technology shock. These shocks are country-specific and inde-
pendent, i.e., no spillovers. The rest of the decisions are in the hands of representative households who
maximize expected discounted utilities subject to budget constraints.4

I find that in equilibrium TFP in each country is not only a positive function of its technology shock, but
also a negative function of its TT, i.e., the ratio of import prices to export prices. Hence, once a country
is hit by a negative technology shock, its TFP declines and its TT improve. For the other country, TT
deteriorate and TFP declines. Therefore, the link between TT and TFP introduces a novel mechanism for
business cycle synchronization that resembles cross-country productivity spillovers. The key behind this
link is the inefficiency of the laissez-faire equilibrium. In particular, the monopolistic markup drives a
positive wedge, i.e. inefficiency wedge, between the marginal product of imports and the marginal cost
of imports, or TT. In equilibrium, this inefficiency wedge affects TFP.

To illustrate the above mechanism, consider the following example. Suppose that, for exogenous
reasons, a country’s TT deteriorate. In the model, firms respond by reducing the use of imported inter-
mediates. The lower utilization of imports impairs production through two channels: a direct channel, as
other factors of production are not perfect substitutes of imports, and an indirect channel, operating via
input-output linkages. Due to the inefficiency wedge, the fall of final good production exceeds the fall of
imports. As a result, the difference between the final good production and the real cost of imports, known

1See Backus et. al. (1992), Mendoza (1995), Kehoe and Ruhl (2008) and the evidence presented herein.
2Micro evidence supports this view, e.g., Amiti and Konings (2007) and Golberg et. al. (2010).
3See for example Backus et. al. (1992), Heathcote and Perri (2002) and more recently Rabanal et. al. (2011).
4I assume that households can only trade non-contingent risk-less bonds, i.e. asset markets are incomplete. There is also a

final good producer assembling goods for consumption and investment using local intermediate goods.
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as real gross domestic output, falls as well. This change in domestic output can occur even when the
state of technology and the utilization of other factors of production (capital and labor) in the domestic
economy remain constant. Therefore, the effects of TT spill over TFP. Explicit functional forms allow me
to characterize analytically this effect. As expected, the effect is more important as the inefficiency wedge
widens. When the inefficiency wedge vanishes, the effect of TT on TFP disappears. The size of the effect
increases with import intensity and with the strength of input-output linkages.5

I also characterize the general equilibrium response of other macroeconomic variables and find that
foreign technology shocks can have almost the same effects as domestic technology shocks. Yet, the effect of these
shocks differ in three important dimensions. First, foreign and domestic shocks of the same sign imply
opposite responses in TT as in the standard international real business cycle (IRBC) models. Specifically,
expansionary technology shocks in one country make its exports relatively more abundant than its im-
ports, lowering the price of exports relative to the price of imports. Second, the persistence of TFP (and
other macroeconomic variables) is higher after a foreign shock than after a domestic shock, which is ex-
plained by the persistence of TT. In particular, in the model, asset market incompleteness implies that
technology shocks lead to persistent wealth redistribution across countries, which induce persistent rel-
ative price movements.6 Third, consumption tends to be more volatile than output after foreign shocks,
while it is always less volatile than output after domestic shocks. For instance, after domestic distur-
bances, TT fluctuations attenuate the response of household’s purchasing power relative to the response
of output. In this case, TT provide insurance against production risk as in Cole and Obstfeld (1991). In
contrast, after foreign disturbances, TT fluctuations exacerbate the response of household’s purchasing
power relative to the response of output.

I perform several quantitative exercises aimed at comparing the predictions of the model to the data.
These quantitative exercises show that for plausible levels of markups, the effect of one country’s produc-
tivity on the other country’s productivity can be sizable. As a result, the model can deliver a degree of
comovement that is in the order of magnitude of the actual comovement of the U.S. economy with the
rest of the world. Then I explore the implications of the model for small open economies (SOE), both
developed and emerging countries. A likelihood-based method, i.e., Kalman smoothing, suggests that,
through the lens of the model, the observed TFP and business cycles in emerging countries were primar-
ily the result of foreign shocks. This is because most emerging countries share the following features:
highly persistent TFP, excess volatility of consumption, and negative correlation between TT and TFP.7

This result is in stark contrast to developed SOE’s, for which TFP and business cycles seem to be the result
of domestic disturbances. I conclude then that TFP in emerging economies is highly influenced by TT.8

5Import intensity is determined by the share of imports on the cost of intermediate inputs. This captures the direct effect of
imports on production. The strength of input-output linkages is approximately determined by the share of intermediate on the
total cost of production. This captures the indirect effect of imports on production.

6At the same time, through general equilibrium, persistent relative movements induce persistent relative wealth dynamics.
This is a very common feature in IRBC models under incomplete markets, e.g., Baxter and Crucini (1995) and Rabanal and
Rubio-Ramirez (2012).

7The first two features are documented in Aguiar and Gopinath (2007). For the correlation between TT and TFP see the
evidence presented in this paper.

8I also provide a quantification of the impact of TT on long-lasting TFP declines in emerging countries, which are difficult
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Finally, I present micro-evidence showing that, as predicted by the model, high markups or high import
intensity are associated with larger drops of TFP after a TT deterioration.

This paper bears a direct connection with large body of work trying to understand what causes TFP
to move. One strand of the literature assesses the role of variable utilization of factors on measured TFP.9

A second strand builds models in which TFP is endogenously determined, as in this paper. A common
theme in these models is the existence of frictions or market imperfections that drive a wedge between
market outcomes and efficiency.10 The main difference with respect to this latter group is that I stress the
role of monopolistic output markets and imported inputs in explaining the link between TT and TFP.

The mechanism highlighted in this paper, i.e., effect of TT on TFP, is reminiscent to Basu and Fer-
nald (2002), who show that, in a closed economy context, intermediate input use affects productivity. An
important difference is that, in my framework, the mere combination of intermediate inputs and monop-
olistic competition does not imply inefficient TFP dynamics. A necessary condition is that a fraction of
inputs is imported. Furthermore, by using explicit functional forms in a fully general equilibrium model,
I provide a characterization of the magnitude of the inefficiency. This allows me to set in the stage for
a quantitative evaluation of the mechanism. A recent parallel and independent work by Gopinath and
Neiman (2012) uses the same mechanism to explain why TFP responds to TT in a partial equilibrium
model. In addition to that, these authors show how the variation in the number of imported varieties
provides additional channels through which TT affect TFP. Importantly, the bulk of TFP adjustment re-
ported in their paper comes from the mechanism stressed here. Furthermore, while these authors focus
on how the micro-adjustment of trade affects TFP after an exogenous TT change, I focus on a different
set of questions that involve the general equilibrium macro-adjustment after technology shocks, which
endogenously generate TT variation.

Another important reference is Kehoe and Ruhl (2008), who show that, in standard macro models,
exogenous TT shocks do not have first-order effects on TFP. Their result can be understood using an en-
velope argument. Under perfect competition, profit maximizing behavior also guarantees the maximiza-
tion of aggregate domestic output and welfare. As a consequence, changes in relative prices can only
have second order effects on TFP. My work indicates that the envelope argument breaks down when mo-
nopolistic firms import intermediate goods. In fact, Kehoe and Ruhl’s result is nested in my framework
as the knife-edge case where firms’ output is perfectly substitutable.

The paper also contributes to a branch of the literature studying the transmission of shocks across
countries using different variants of the IRBC model.11 In these models, TT play a crucial role in the
propagation of business cycles via a trade channel. The novelty with respect to this literature is that

to reconcile with the theory, e.g., Kehoe and Prescott (2002). I find that TT deteriorations, through the lenses of the model,
contribute to up to 50 percent of the average long-lasting TFP decline.

9See King and Rebelo (1999) for a summary of this literature. Variable utilization can also explain why TT affects TFP, see
Backus and Crucini (2000).

10The role of imperfect competition in productivity is studied in Hall (1990), Basu (1995), Basu and Fernald (2002), Jaimovich
and Floetotto (2008), and others. The role of misallocation (due to tax distortions or regulations) in the RBC tradition is discussed
in Chari et. al. (2007).

11An inexhaustive list includes Backus et. al. (1992), Backus et. al. (1993), Backus and Crucini (2000), Mendoza (1995),
Heathcote and Perri (2002), Burstein et al. (2008) and others.

4



monopolistic competition introduces another channel of business cycle synchronization which operates
through productivity. This channel provides an explanation for the productivity spillovers found in the
data, which have been traditionally added into IRBC models as part of the exogenous characteristics of
technology. In addition, in this paper I show that interdependencies in production that arise from the
input-output linkages enhance business cycle comovement through the trade-channel and productivity-
channel. The role of production complementarities in explaining comovement through the trade channel
has been also explored in the literature, e.g., Backus et. al. (1993), Burstein et. al. (2008) and others.

Finally, the paper also offers an alternative explanation to some distinctive features of emerging
economies. First, the paper shows how adverse foreign shocks can lead to highly persistent fluctuations
of TFP, as it is observed in many emerging countries, see Aguiar and Gopinath (2007). Previous literature
has related this feature of TFP to permanent distortions to the allocative efficiency of the economy, e.g.
Chari et. al. (2007). Second, the paper shows how TT can explain the excess volatility of consumption
relative to the volatility of output. Previous work highlights the role of TT in providing insurance against
production risk, e.g. Cole and Obstfeld (1991). My results suggests that this mechanism is absent for some
countries, especially emerging countries. This finding concurs with Berka et. al. (2012). Other literature
has related the excess volatility of consumption to financial shocks, e.g., Neumeyer and Perri (2005), or to
persistent income shocks, e.g., Aguiar and Gopinath (2007). Finally, the paper also contributes to a large
body of literature documenting the relationship between TT and the economic performance of emerging
markets.12 This literature shows that TT are statistically important for business cycles and growth. This
paper documents that TT can also be important for TFP.

The rest of the paper is organized as follows. Section 2 presents empirical patterns showing that
for some countries TT and TFP are strongly negatively correlated. Section 3 outlines the model and
characterizes the equilibrium. Section 4 presents the quantitative analysis for both large and small open
economies. Section 5 discusses some extensions to the model and provides supporting micro evidence.
Section 6 concludes.

2 Terms of trade and TFP

This section quantifies the link between TT and TFP in the data. I find that for some countries the data
suggest that TT and TFP are negatively associated. This pattern is more common among emerging coun-
tries than among developed countries.

I consider a sample of countries that consists of a list of non-oil exporters, no transition, middle-
or high-income countries. These countries are listed in Table B.1 in the Appendix B. I split the sample
between large countries (G6), developed SOEs (other OECD), and emerging SOEs. Following Backus et.
al. (1992) (hereafter BKK), TT are defined as the ratio of import prices to export prices. TFP is calculated
as the SR: TFPt = Yt/

(
Kα
t−1L

1−α
t

)
, where Yt is real GDP, Kt−1 is the beginning of period t capital stock,

and Lt is the labor input. Detailed information about these time series is given in the data appendix.

12See Easterly et. al (1993), Reinhart and Wickham (1994), Becker and Mauro (2005), and Izquierdo et. al. (2008). Williamsom
(2011) provides an historical account of the subject.
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Table B.1 reports a correlation between TT and TFP by country.13 The correlation coefficients is re-
ported for two sub periods, 1960-1979 and 1980-2008, and the whole sample.14 For some countries, e.g.,
Switzerland, the data on TT and TFP are positively correlated (0.60). In other cases, such as Mexico, TT
and TFP are strongly negatively correlated (−0.8). The rest of the countries fall in the middle. Importantly,
for almost two thirds of the countries, the correlation is negative. Note also that emerging countries stand
out as the group in which TT and TFP are more negatively correlated, especially after 1980.

The issue is that much of the standard IRBC models, initiated by BKK (1992), are silent on the negative
correlation between TT and TFP. According to these models a fall in a country’s productivity leads to an
improvement of its TT, just the opposite of what we see for a large set of countries. Another possibil-
ity is that a change in one country’s productivity spills over to its trade patterns’ productivity. Indeed,
there is strong evidence showing that aggregate productivity correlates across countries over the business
cycle.15 Yet, the standard IRBC theory does not provide a mechanism through which that productivity
synchronization arises endogenously. Finally, as shown by Kehoe and Ruhl (2008), economic efficiency
intrinsic to IRBC models guarantees that TT have no first order effects on TFP and hence TT have no role
in explaining productivity spillovers.16

Section 3 outlines a two-country monopolistic competitive model. In this model, a negative foreign
technology shock leads to an adverse TT for the domestic economy as in the standard IRBC framework.
Importantly, the inefficiency of the laisse-faire equilibrium implies that these adverse TT reduce domestic
TFP. The link between TT and TFP introduces a novel mechanism for business cycle synchronization that
resembles the cross-border productivity spillovers found in the data. Section 4 explore the quantitative
properties of the model. In the first part of the analysis, I show that a calibrated version of the model can
deliver a degree of comovement that is in the order of magnitude of the actual comovement of the U.S.
economy with the rest of the world. In the second part of the analysis, I study the implications of the
calibrated model for small open economies, both developed and emerging. The results indicate that the
business cycles in emerging economies are more likely to be driven by foreign shocks.

3 The model

In this section, I outline the model and characterize its equilibrium. The world consists of two countries
(domestic and foreign), each of which is populated by one representative household, a final good pro-
ducer, and a continuum of intermediate good producers (hereafter firms). There is a total measure [0, 1]

of firms in the world; a measure [0, n] of them is located in the domestic country and a measure [n, 1] in
the foreign country. Hereafter, n indexes the size of the domestic country and 1−n indexes the size of the

13As it common in the literature, I recover the business cycle component by applying the Hodrick-Prescott filter with a smooth-
ing parameter of 100.

14This is done to avoid the influence of possible structural breaks. Backus and Crucini (2000) shows substantial changes in the
cyclicality of TT in developed countries after the post-war period. Aguiar and Gopinath (2007) points out that some important
stylized facts about emerging-market economies in the last decades are not present before 1980.

15See BKK (1992), Heathcote and Perri (2002), Crucini et. al. (2011), and Rabanal et. al. (2011).
16Measurement error can explain the link between TT and TFP as in Backus and Crucini (2000) or Feenstra et. al. (2009).

Abstracting from measurement error, TT do not have any effect on TFP in the standard IRBC framework.
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foreign country.
The representative household is standard; she consumes, invests on physical capital, supplies labor

and holds a portfolio of risk-less non-contingent bonds. The final good producer is also standard; it
assembles a final good using intermediate inputs produced by local firms. The final good is consumed or
invested locally in new physical capital. The final good producer behaves competitively in both output
and input markets. Firms produce one intermediate input using a production function that requires labor,
capital, other local intermediate inputs and imported intermediate inputs. Production by firms is affected
by a country-specific (Hicks-neutral) aggregate technology shock. Shocks are assumed to be independent
across countries. Firms sell their output in monopolistic competitive markets as in Dixit and Stiglitz
(1977). Firm’s demand comes from the local final good producer, from other local firms and from firms
abroad. This structure introduces input-output linkages into the model.17

All international trade in the model occurs at the level of intermediate goods. This is consistent with
evidence showing that the bulk of international trade is concentrated in those goods, e.g., Bems et. al.
(2011). Moreover, this production structure also captures the idea that even final good imports go under
a series of processes that involve local factors (e.g. repackaging, transportation, retailing) before reaching
their final demand, e.g., Burstein et. al. (2000).

Given the symmetry of both countries, I next provide details of the problems solved by the agents
in the domestic country. Hereafter, variables for the foreign economy are indexed by the superscript ∗.
Unless otherwise noted, parameters and functional forms are assumed to be the same across countries.

Representative Household Each representative household derives utility from consumption Ct and
dis-utility from labor Lt. Period utility is assumed to be CRRA and quasi-linear in consumption as in
Greenwood et. al. (1988),

U (Ct, Lt) =
(Ct − ψLυt )1−σ − 1

1− σ
,

where σ ∈ [0,∞) is the coefficient of risk aversion; υ > 1 is a parameter controlling the Frisch elasticity of
labor supply, i.e. 1/ (υ − 1); ψ is a scaling factor. The objective of the household is to maximize expected
discounted utility,

max
{Ct,Lt,B∗t,Kt}∞t=0

E0

∞∑
t=0

βt
(Ct − ψLυt )1−σ − 1

1− σ
,

where β ∈ (0, 1) is the discount factor, subject to a budget constraint and capital accumulation equation:

Ct + It +Bt +
P ∗t
Pt
B∗t +

κ

2

(
B2
t +

P ∗t
Pt
B2
∗t

)
=
wt
Pt
Lt +

rt
Pt
Kt−1 +

Πt

Pt
+Rt−1Bt−1 +

P ∗t
Pt
R∗t−1B∗t−1 + Tt (1)

It = Kt − (1− δ)Kt−1 +

(
φ

2

)(
Kt

Kt−1
− 1

)2

Kt−1 (2)

K−1, B−1 given.

17Specifically, in the model there are input-output linkages within a country, as in Basu (1995) and Jones (2011), and input-
output linkages between countries, as in Burstein et al. (2008) and Bems et. al. (2011).
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The household buys one unit of consumption Ct at a price Pt. At the same price, she invests in new
physical capital It, or saves in one-period non-contingent risk-less bond, Bt which pays Rt (gross real
interest rate). In addition, she has access to another non-contingent risk-less bond, B∗t, which pays R∗t
in units of the foreign final good. The price of the final good abroad is denoted by P ∗t . The household
also pays portfolio quadratic costs for her bonds holdings.18 These portfolio adjustment costs are rebated
back to the household via a lump sum transfer Tt. The household receives a real wage rate wt/Pt for
every unit of labor supplied to the market and receives a real rental rent rt/Pt for every unit of physical
capital supplied to the market. She also receives a lump sum transfer of aggregate profits of local firms
indexed by i ∈ [0, n], i.e. Πt ≡

∫ n
0 Πt (i) di. The capital accumulation includes a capital adjustment cost

which modulates investment volatility.19 Parameter δ ∈ (0, 1) is the depreciation rate. Parameters κ and φ
are positive real numbers controlling the portfolio and capital adjustment costs, respectively. Optimality
conditions are omitted since they are standard. See Appendix A.

Final good producer The final good is produced using local intermediate inputs gt (i) with i ∈ [0, n].
The production technology is a Dixit-Stiglitz aggregator with constant returns to scale,

Gt =

((
1

n

)1−θ ∫ n

0
gt (i)θ di

) 1
θ

, (3)

where θ ∈ (0, 1) controls the elasticity of substitution among intermediate goods, i.e. 1
1−θ . As θ → 1,

intermediate inputs are perfect substitutes. The final good is consumed or used in the formation of new
physical capital, i.e. Gt = Ct + It. The final good producer maximizes profits,

maxPtGt −
∫ n

0
pt (i) gt (i) di,

subject to (3) and taking all prices of local intermediate inputs pt (i) and the final good price as given:

Pt =

((
1

n

)∫ n

0
pt (i)

θ
θ−1 di

) θ−1
θ

.

Optimality conditions are omitted since they are standard. See Appendix A.

Intermediate good producers (firms) The production function of firm i ∈ [0, n] is,

qt (i) = At (i)
(
kt (i)α lt (i)1−α

)1−µ (
dt (i)γmt (i)1−γ

)µ
, (4)

where qt (i) is output, kt (i) is the rented capital, lt (i) is the hired labor, dt (i) is a composite of local
intermediate goods, and mt (i) is a composite of imported intermediate goods. Hereafter I refer to qt (i)

as gross output. At (i) represents firm i technology level which is composed of a static technology level

18This guarantees stationarity, see Uribe and Schmidtt-Grohe (2003).
19These adjustment costs are necessary because the household has access to foreign capital markets. This allows her to separate

her savings decisions from her investment decisions by financing any gap between the two with external resources. As a result,
investment is too volatile in the standard frictionless model. See Mendoza (1991) for a discussion.
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Ā (i) and aggregate technology level At, i.e. At (i) = Ā (i)At. The aggregate technology shock follows a
logarithmic AR(1) process,

logAt+1 = ρa logAt + σaεa,t+1, (5)

with εa,t+1 ∼ N (0, 1), 0 < ρa < 1 and σa > 0. Foreign technology shock is denoted by A∗t and also follows
a logarithmic AR(1) process with ε∗a,t+1 ∼ N (0, 1), 0 < ρ∗a < 1 and σ∗a > 0. Innovations εa,t+1 and ε∗a,t+1

are assumed to be independent, i.e. no spillovers.
Parameters α and µ lie in the unit interval and are the same in both countries. It is assumed that γ is

a function of the relative size of the other country: 1 − γ = (1− n)λ, where parameter λ represents the
degree of openness. Foreign firms’ production function is analogous to (4) except that 1 − γ∗ = nλ. This
specification is used later when I analyze the limiting small open economy, i.e. n→ 0. See De Paoli (2009)
for a similar application.

Domestic intermediate input dt (i) is a Dixit-Stiglitz aggregator of all local intermediate goods,

dt (i) =

((
1

n

)1−θ ∫ n

0
dt (i, j)θ dj

) 1
θ

, (6)

where dt (i, j) is the domestic intermediate used by firm i and produced by firm j ∈ [0, n] . Parameter
θ ∈ (0, 1) controls the elasticity of substitution among local intermediate goods, i.e. 1

1−θ . Imported inter-
mediate input mt (i) is a Dixit-Stiglitz aggregator of all foreign intermediate goods,

mt (i) =

((
1

1− n

)1−θ ∫ 1

n
mt (i, j)θ dj

) 1
θ

, (7)

where mt (i, j) is the demand of firm i for the intermediate good produced by foreign firm j ∈ [n, 1] .

Parameter θ ∈ (0, 1) controls the elasticity of substitution among local intermediate goods, i.e. 1
1−θ .

20

Firm i sells its output to the final good sector, other local firms and foreign firms. The total demand
faced by firm i is given by,

qt (i) = gt (i) +

∫ n

0
dt (j, i) dj +

∫ 1

n
m∗t (j, i) dj, (8)

where gt (i) is the demand of firm i output used in the production of the final good,
∫ n
0 dt (j, i) dj is the

aggregate demand of firm i output used by other firms in the same country, and
∫ 1
n m

∗
t (j, i) dj are the

exports of firm i to all firms j ∈ [n, 1] abroad.
Firm i maximizes profits,

Πt (i) = max
κt(i)

pt (i) qt (i)− rtkt (i)− wtlt (i)−
∫ n

0
pt (j) dt (i, j) dj −

∫ 1

n
p∗t (j)mt (i, j) dj, (9)

with : κt (i) ≡ {pt (i) , qt (i) , kt (i) , lt (i) , dt (i) , dt (i, j) ,mt (i, j)}

subject to (4) , (6) and (8) . Intermediate producer takes the wage rate wt, the rental rate rt, the price
of local intermediate inputs pt (j) with j ∈ [0, n] , and the price foreign intermediate inputs p∗t (j) with
j ∈ [n, 1] as given.

20Note that θ governs the elasticity of substitution in (3) , (6) and (7) is the same. This assumption simplifies the analysis.

9



The problem can be solved in two stages. The first stage minimizes costs, given factor prices. This
provides the optimal mix of factors. The second stage is the standard pricing decision under monopolistic
competition. See Appendix A for details. Before finishing this section, I emphasize that, because firms sell
their products at a monopolistic price (above marginal cost), the marginal product of all factors of production
are set above their corresponding real prices. Specifically,

(1− µ)α
qt (i)

kt (i)
=

1

θ

rt
pt (i)

(10)

(1− µ) (1− α)
qt (i)

lt (i)
=

1

θ

wt
pt (i)

(11)

µγ
qt (i)

dt (i)
=

1

θ

Pt
pt (i)

(12)

µ (1− γ)
qt (i)

mt (i)
=

1

θ

P ∗t
pt (i)

. (13)

Definition of equilibrium Given Ā (i) ∀ i ∈ [0, 1] and the sequences of aggregate technology shocks
At and A∗t , the equilibrium is defined by:
(i) a sequence of allocations {Ct, Kt, Bt, B∗t, Lt} and {C∗t , K∗t , B∗t , B∗∗t , L∗t } for each household,
(ii) a sequence of allocations {Gt, gt (i)} and {G∗t , g∗t (i)} for each final good producer,
(iii) a sequence of allocations {kt (i) , lt (i) , dt (i, j) , mt (i, j) , qt (i)}, and prices pt (i) for all domestic firms
i ∈ [0, n] and {k∗t (i) , l∗t (i) , d∗t (i, j) , m∗t (i, j) , q∗t (i)}, and prices p∗t (i) for all foreign firms i ∈ [n, 1] ,

(iv) a sequence of prices {Pt, wt, rt, Rt,P ∗t , w∗t , r∗t , R∗t }
such that:
(a) given (iv), (i) solves the problem of each household,
(b) given (iv), (ii) solves the problem of each final good producer,
(c) given (iv), (iii) solves the problem of all firms i ∈ [0, 1] ,

(d) markets clear:

Lt =

∫ n

0
lt (i) di, L∗t =

∫ 1

n
l∗t (i) di (14)

Kt−1 =

∫ n

0
kt (i) di, K∗t−1 =

∫ 1

n
k∗t (i) di (15)

qt (i) = gt (i) +

∫ n

0
dt (j, i) dj +

∫ 1

n
m∗t (j, i) dj ∀i ∈ [0, n] (16)

q∗t (i) = g∗t (i) +

∫ 1

n
d∗t (j, i) dj +

∫ n

0
mt (j, i) dj ∀i ∈ [n, 1] (17)

Gt = Ct + It, G∗t = C∗t + I∗t (18)

Bt +B∗t = 0 (19)

B∗t +B∗∗t = 0. (20)

Without loss of generality, I focus hereafter on a symmetric equilibrium where the firm-specific tech-
nology is equalized across firms within each country, i.e., Ā (i) = Ā ∀ i ∈ [0, n] and Ā∗ (i) = Ā∗ ∀i ∈
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[n, 1] .21 In this symmetric equilibrium, Pt = pt (i) , Qt = nqt (i) , Kt−1 = nkt (i) , Lt = nlt (i) , Dt =

ndt (i) , Mt = nmt (i) , Gt = ngt (i) for all domestic firms and P ∗t = p∗t (i) , Q∗t = (1− n) q∗t (i) , K∗t−1 =

(1− n) k∗t (i) , L∗t = (1− n) l∗t (i) , D∗t = (1− n) d∗t (i) , M∗t = (1− n)m∗t (i) , G∗t = (1− n) g∗t (i) for all
foreign firms.

Additional definitions For each country I define the terms of trade as the ratio between the price of
imports and the price of exports. For the domestic country,

TTt ≡
P ∗t
Pt
, (21)

and for the foreign country the terms of trade are TT−1t .
For some results it is going to be useful to define a household’s real gross domestic income (hereafter

income) as the sum of labor income, capital income, and profits generated by firms in units of the final
consumption good. For the domestic country, income is given by (for the foreign country the formula is
analogous),

Zt ≡
Πt + rtKt−1 + wtLt

Pt
. (22)

I denote aggregate gross output by Qt. This measure not only includes output that satisfies final good
demand, but also intermediate good demand by other local firms, see equation (16) . Hence, gross output
of final goods is gross output minus local intermediate good demand, i.e. Qt − Dt. From (16) and (18) ,

gross output of final goods equals the sum of consumption, investment and exports, which in the model
is given by Gt +M∗t .

Aggregate output is given by the standard real gross domestic product (GDP) formula. From the expen-
diture approach, nominal GDP equals the value of gross output of final goods minus the cost of imports.22

Real GDP follows the same formulation, except that prices are constant. In the domestic country, real GDP
is given by the formula,

Yt = PbGt + PbM
∗
t − P ∗bMt, (23)

where b stands for ”base” year, M∗t denotes domestic exports (foreign imports), which are valued at a
constant price Pb, and Mt denotes domestic imports (foreign exports), which are valued at a constant
price P ∗b . The definition of real GDP in the foreign country is analogous,

Y ∗t = P ∗b G
∗
t + P ∗bMt − PbM∗t . (24)

21Allocative efficiency of the model guarantees that, at the aggregate level, a symmetric equilibrium is isomorphic to an
equilibrium with dispersed idiosyncratic productivities.

22The inclusion of imports in GDP as an offsetting entry deserves further explanation. From the point of view of the model, all
imports are intermediate goods. This implies that imports are included in consumption, investment and exports. Therefore, to
accurately reflect domestic final good production, imports of intermediates are subtracted from GDP to offset the contribution of
foreign production in the final expenditures components. Standard practices for computing real GDP are detailed in ”System of
National Accounts 2008,” published jointly by the European Commission, the IMF, the OECD, the United Nations and the World
Bank, and ”Concepts and Methods of the U.S. National Income and Product Accounts,” published by the Bureau of Economic
Analysis.
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Partial characterization The goal of this section is to characterize, at least partially, some properties
of the equilibrium. The main result of the paper is given in Proposition 1 which shows how TT affect TFP.
In particular, this proposition implies that a fall in foreign technology, which leads to a TT deterioration
for the domestic country, also depresses domestic TFP. This mechanism generates synchronization of
business cycles across countries. A more general message of this section is that foreign shocks can have
almost the same effects as domestic technology shocks. The differences between these two shocks are also
discussed.

In the model, TT are endogenous. Following the same intuition of standard IRBC models a rise in the
domestic technology deteriorates the domestic TT as domestic goods become relatively more abundant.
Conversely, a rise in the foreign technology improves the domestic TT. I focus hereafter on a deterioration
of TT that originates from a negative foreign technology shock while domestic technology is constant.
Moreover, throughout the following discussion I neglect the general equilibrium feedback between capi-
tal, labor and TT.

From (4) , aggregate gross output at the symmetric equilibrium is,

Qt = AtĀ
(
Kα
t−1L

1−α
t

)1−µ (
Dγ
tM

1−γ
t

)µ
. (25)

It is relatively straightforward to show, after using the first order conditions from the firm’s problem
(evaluated at the symmetric equilibrium), that aggregate gross output can be rewritten as,

Qt = $TT
− (1−γ)µ

1−µ
t A

1
1−µ
t Kα

t−1L
1−α
t , (26)

where,

$ ≡
(

(1− γ)1−γ γγ
) µ

1−µ
(µθ)

µ
1−µ Ā

1
1−µ . (27)

Equation (26) shows three effects that are worth emphasizing.
First, the markup θ−1 depresses the level of aggregate gross output through the constant term $. In-

tuitively, the markup generates an inefficiency by raising the marginal product of all intermediate inputs
(both domestic and foreign) above their real prices. As a result, all firms underproduce.

Second, aggregate technology shocks are scaled up by 1/ (1− µ). This is the input multiplier arising
from the input-output linkages. Specifically, this multiplier works as follows: higher technology leads
to more production for all firms, which increases the demand and supply of intermediate goods, which
increases production for all firms, and so on. The elasticity of gross output to intermediate inputs is µ.
Hence, the overall effect is 1 + µ+ µ2 + ... = 1/ (1− µ) .23

Third, an adverse TT deterioration (an increase of TT), reduces aggregate gross output. The economic
intuition for this effect is the following: After TT deteriorate, domestic firms utilize fewer imported inputs
as they become relatively more expensive. To the extent that these intermediate inputs cannot be perfectly
substituted with other factors, lower imported intermediates reduce production for all firms. In the first
round, the reduction in production is given by the elasticity of gross output to imported intermediates,

23This formula reflects the simple architecture of the input-output matrix. In the model, each firm has the same number of
downstream and upstream interconnections, i.e. each firm supplies inputs to every other firm and buys inputs from every other
firm. See Jones (2011) for a similar result.
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i.e., µ (1− γ) . Hereafter, I refer to this effect as the direct effect of import intensity. This direct effect is then
amplified in further rounds by the input multiplier.24 Hereafter, I refer to this effect as the indirect effect of
import intensity. The following expression is the elasticity of gross output to TT that takes into account
these two effects,

ε (Q,TT ) = −(1− γ)µ

(1− µ)
< 0. (28)

I now focus on gross domestic output and productivity. Gross domestic output equals gross output of
final goods minus imports, both valued at constant equilibrium prices. It is straightforward to show, after
using the first order conditions from the firm’s problem, that the two components of output are given by,

Gt +M∗t = (1− µγθ)Qt, (29)

Mt = (1− γ)µθ TT−1t Qt. (30)

The above equations indicate that both gross output of final goods and imports fall after a TT deteri-
oration. Plugging (29) and (30) into (23) , delivers a formula for output that depends on technology, TT,
the stock of capital and labor. Appendix A shows that output is given by,

Yt = TFPt K
α
t−1L

1−α
t , (31)

where TFPt measures the total factor productivity of the country. Proposition 1 gives the details of the
TFP function.

Proposition 1 In the decentralized equilibrium, TFP is not only a positive function of technology, but also a nega-
tive function of the terms of trade,

TFPt = TT
− (1−γ)µ

1−µ
1−θ
1−µθ

t A
1

1−µ
t . (32)

See Appendix A.

Proposition 1 states that in equilibrium, TT directly affects TFP in the domestic country.25 The intuition
for this result is very simple. Suppose that there are no domestic intermediate inputs so that gross final
good production equals gross output, i.e. Gt +M∗t = Qt. For the sake of the argument, suppose also that
production only requires labor and imports and that labor supply and technology are fixed, i.e. Qt =

ĀL̄1−µMµ
t . With these assumptions, it follows that up to a first order approximation,26

∂Yt
∂TTt

≈
(
∂Qt
∂Mt

− TTt
)
∂Mt

∂TTt
.

24Note in the model, all local firms’ production depend equally on imported inputs. This implies that the foreign country
plays the role of a general-purpose technology in the language of Acemoglu et. al. (2011). In this sense, TT fluctuations that
originate abroad can be interpreted as shocks to this general-purpose technology. In the domestic economy the amplification
occurs downstream, as all local firms are interconnected to each other. The response of the home country will then affect the
foreign economy through the supply of intermediate inputs, initiating another set of feedback loops through the TT. All these
general equilibrium effects would affect the way that the relative prices and quantities respond.

25The formula is analogous for the foreign country, except that γ is replaced γ∗ and TT are inverted.
26Assuming that base year relative prices and current equilibrium relative prices are arbitrarily close, i.e., |TTb − TTt| < ε.
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The key behind the effect of TT on TFP is the term in parenthesis, which is the difference between
the marginal product of imports and TT. Markups drive an inefficiency wedge between these two compo-
nents, see equation (13). As a result, real gross domestic product changes even if domestic technology
and domestic factors are constant. It follows then that the inefficiency wedge spills over TFP. When the
inefficiency wedge disappears, the marginal product of imports exactly cancels out with TT, and the term
in parenthesis collapses to zero. The latter is the case of perfect competition, which is analyzed by Kehoe
and Ruhl (2008). Intuitively, under perfect competition, firms’ profit maximizing behavior also guaran-
tees the maximization of aggregate output. As a consequence, changes in relative prices can only have
second order effects on TFP. This envelope argument breaks down when monopolistic competitive firms
import intermediate goods because output is not maximized.

Going back to the full model, Proposition 1 indicates that the effect of TT on domestic TFP is given by
the elasticity,

ε (TFP, TT ) = −(1− γ)µ

(1− µ)

[
1− θ

1− µθ

]
. (33)

The economic intuition of this elasticity is the following: The first term captures the direct and indirect
effects of imports as explained above. The term in brackets captures the inefficiency wedge between
the marginal contribution of imports to production and TT. This wedge arises in equilibrium due to a
monopoly power, θ < 1, and it is affected by 1/ (1− µθ) . The latter comes from double-marginalization:
firms exercising market power at successive vertical layers of the supply chain.27 Intuitively, the elasticity
contains all gains in production that arise from higher import utilization. These gains are left unexploited
in equilibrium because each firm decides to underproduce. As a result of the inefficiency wedge, a change
of TT affects TFP. As expected, the effect is more important as the inefficiency wedge widens. Only in the
limiting case where the inefficiency wedge vanishes, θ → 1, the effect of TT on TFP disappears.28 The size
of the effect increases with import intensity, measured by 1 − γ , and with the strength of input-output
linkages, measured by µ.

In the analysis, I have assumed that domestic capital and labor do not respond to TT. Yet, in general
equilibrium domestic factors of production respond to TT and vice versa. The link between domestic
factors and TT is partially characterized from the firms’ first order conditions. Specifically, TT affects the
real rental rate of capital and the real wage. Plugging these conditions into the household’s optimality
conditions, yields the following equations,29

−
UL,t
UC,t

= θ (1− µ) (1− α)
Qt
Lt

(34)

1 = βEt
{
UC,t+1

UC,t

(
θ (1− µ)α

Qt+1

Kt
+ (1− δ)

)}
, (35)

27See Rotemberg and Woodford (1993) for a similar interpretation of the monopoly inefficiency wedge with intermediate
inputs.

28In this knife-edge case firms are unable to set prices above their marginal costs since all competing products are perfect
substitutes. Hence, it is equivalent to case of perfect competition analyzed by Kehoe and Ruhl (2008).

29For purposes of exposition, the Euler equation omits the capital adjustment costs. See Appendix A for a complete character-
ization.
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where UL,t and UC,t represent the marginal dis-utility of labor and the marginal utility of consumption,
respectively.

The above equations show that the incentives for the domestic household to supply labor and capital
to the market fall after a deterioration of TT. In other words, times of negative technology shocks abroad,
are also times when the rewards of supplying capital and labor to the market at the domestic country fall.
The final responses of capital and labor depend on other aspects such as the degree of risk aversion and
the balance between income and substitution effects affecting the supply of labor. Regarding the latter,
note that quasi-linear preferences in consumption eliminate the income effects. Hence, we should expect
that domestic labor would unambiguously fall after a negative technology shock abroad.

Note that the model has two main channels for business cycle synchronization. The first channel operates
through trade. In particular, when the foreign country experiences a contractionary technology shock,
domestic TT deteriorate. The scarcity of imported inputs in the domestic country lead to less production,
less investment and less employment. A similar force is present in standard IRBC models, e.g., Backus et.
al. (1993), Heathcote and Perri (2002), and others. The second channel for business cycle synchronization
operates through productivity. This channel is the main novelty of the model with respect to standard IRBC
framework cited above.30 Moreover, note that the productivity channel reinforces the standard trade
channel. For instance, an exogenous TT deterioration not only reduces investment and employment, but
also depresses productivity.

It is worth emphasizing the role of input-output linkages in explaining business cycle synchroniza-
tion. In the model, input-output linkages enhance both channels via the indirect effect of import intensity.
Intuitively, these indirect effects reinforce the production complementarity among firms in each country.
In addition, as discussed earlier, the inefficiency wedge is amplified by double-marginalization. Input-
output linkages also induce greater production complementarity among countries. In general equilib-
rium, greater production complementarity increases TT volatility as in the standard IRBC, e.g., Backus et.
al. (1993).

To illustrate the role of the input-output linkages for TT dynamics, suppose that each household lives
in financial autarky. In such a case, TT are determined by balanced trade, i.e., PtM∗t = P ∗t Mt. Plugging
(25) into (30) yields an expression for imports as a function of technology, TT, capital stock and labor.
Following the same steps for foreign imports (i.e., domestic exports), recalling that foreign TT are the
inverse of TTt, yields a similar expression. Plugging these expressions into the balance trade condition
delivers,31

TTt =

(
At
A∗t

) 1
1−µ(1−λ)

(
(1− γ)$

(1− γ∗)$∗

(
Kt−1
K∗t−1

)α(Lt
L∗t

)1−α
) 1−µ

1−µ(1−λ)

.

This first element in parenthesis, i.e., ratio of technology levels, confirms the intuition given previ-
ously, i.e., a rise in a country’s technology deteriorates its TT. The exponent of the ratio of technology lev-
els captures to some extent the effects that the input-output linkages have on TT volatility. This exponent

30In the model, the productivity channel resembles the productivity spillovers found in the data. In contrast, in the tradition
of the IRBC, these productivity spillovers have been incorporated as an exogenous characteristic of technology, see Backus et. al.
(1992), Backus et. al. (1993), Heathcote and Perri (2002), Rabanal et. al. (2011), and others.

31Note that 1− γ = (1− n)λ and 1− γ∗ = nλ.
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depends on two parameters: parameter µ, which determines the strength of the input-output linkages
within a country, and parameter λ, which determines the strength of the input-output linkages between
countries. Given that both µ and λ are below one, the combination of these parameters in the exponent de-
livers amplification. Note that input-output linkages within countries strengthen the amplification, while
input-output linkages between countries weaken it. To finish this discussion, let me emphasize that, be-
cause households have access to international intertemporal trade, TT are not determined in equilibrium
by the above equation.32

So far the characterization of the equilibrium has assumed that domestic technology is fixed. It is
straightforward to show that the effects of domestic technology are quite standard. In fact, in the equa-
tions shown above, domestic technology At is multiplied by the inverse of TTt. Therefore, a negative
domestic technology has almost the same effect as an adverse TT deterioration caused by a negative foreign technol-
ogy shock.

Despite their similarity, there are three important differences between domestic and foreign shocks.
The first major difference is that, as discussed above, domestic and foreign technology shocks of the same
sign imply opposite responses in TT.

The second major difference is the persistence of TFP. For instance, after foreign technology shock, TFP in
the domestic economy is as persistent as TT. This means that domestic TFP can be highly persistent in this
case because a transitory foreign shock leads to persistent wealth redistribution, which induces persistent
relative price movements. This is the consequence of asset market incompleteness, see Baxter and Crucini
(1993) and Rabanal and Rubio-Ramirez (2012). In contrast, after a domestic technology shock, domestic
TT move in the opposite direction, and this reduces the persistence of TFP.

To uncover the relationship between the wealth distribution and TT, I look at the optimal savings
choices by each household, determined by the following first order conditions (foc) for the domestic
riskless bond,33

1 + κBt = βEt
{
UC t+1

UC,t
Rt

}
,

1 + κB∗t = βEt

{
U∗C t+1

U∗C,t

TTt
TTt+1

Rt

}
.

where the first equation is the foc of the domestic household and the second equation is the foc of the
foreign household.

Given that the gross return of riskless bond Rt is the same for both households, the next condition
expresses the optimal risk sharing across countries, log-linearized around the non-stochastic steady state,

t̂tt = Et
[
t̂tt+1 + (ûC,t+1 − ûC,t)−

(
û∗C,t+1 − û∗C,t

)]
+ κ

(
b̂∗t − b̂t

)
.

32As it will discussed later, asset market incompleteness implies that TT volatility is partly affected by the wealth distribution
accross countries. Yet, to some extent, the forces that affect TT volatility under financial autarky will also affect the short run TT
volatility once international asset markets are open.

33In the model, there is a foreign riskless bond, which is denominated in units of the foreign good. In equilibrium, a no-
arbitrage condition guarantees that this foreign bond provides the same risk sharing opportunities as the domestic bond.
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where lower-case variables are log-deviations from steady-state values except for the bond holdings, b̂t
and b̂∗t , which denote deviations from steady state (this is because in steady state Bt = B∗t = 0). Wealth
distribution in period t is measured by the difference of the bond holdings, i.e., b̂∗t − b̂t. Iterating forward
on the previous equation reveals,

t̂tt = Et
∞∑
i=0

{
(ûC,t+1+i − ûC,t+i)−

(
û∗C,t+1+i − û∗C,t+i

)
+ κ

(
b̂∗t+i − b̂t+i

)}
.

Hence, TT in period t equals the sum of the expected present discounted value of the changes in
marginal utilities of consumption and the expected present discounted value of the wealth distribution.34

Consumption smoothing implies that most of the short and long run variability of TT is loaded into
the wealth distribution rather than the expected changes of marginal utilities. For small values of the
portfolio adjustment cost κ, changes in the wealth distribution become very persistent. Therefore, the
model delivers persistent TT dynamics, which, through the productivity channel, shape the persistence
of TFP.

The last major difference is the role of TT for consumption volatility. In the model, TT undo some of the
domestic risk by moving in the same direction as domestic technology shocks. In this case, TT provides
insurance against production risk as in Cole and Obstfeld (1991). In contrast, after foreign shocks, the
response of TT exacerbates production risk. For example, after a negative foreign technology shock, TT
deteriorate at the same time that output declines. This difference implies different consumption paths. To
see why, I next compare how household’s domestic real income, as defined by (22) , responds vis-à-vis
output, given by (31).

Plugging the firms’ profits, equation (9) , and firms’ demand, equation (16) , into equation (22) , I have,

Zt = Gt +M∗t − TTtMt. (36)

This equation is analogous to the expression for real gross domestic output, except that imports are
valued at current TT. In other words, aside for the changes in quantities, income also responds directly to
TTt. Plugging (29)− (30) into equation (36), yields,

Zt = (1− µθ)Qt. (37)

The ratio of income to output is given by

Zt
Yt

= TT
− (1−γ)µθ

1−µθ
t .

Now suppose that the domestic country is hit by a negative (positive) domestic shock. In response,
TT improve (deteriorate) and the ratio income to output increases (decreases). As a result, the domestic
household enjoys a smoother consumption path. This insurance property is lost when shocks originate in
the foreign country.

34Obviously this is only a partial characterization because in general equilibrium TT and the wealth distribution are jointly
determined.
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To summarize, in this model, monopolistic power implies that TT affect TFP. Importantly, this link
between TT and TFP delivers a novel channel of business cycle synchronization that reinforces the stan-
dard trade channel. I have shown that both channels are affected by the strength of input-output linkages
in the model. Overall, the model predicts that domestic technology shocks have almost the same effect
as foreign technology shocks. Yet, I have highlighted three important differences between domestic and
foreign technology shocks. The next section studies the numerical properties of the model.

4 Quantitative analysis

This section explores the quantitative properties of the model and confirms some of the points discussed
in the previous section. I split this analysis into two parts. In the first part, I focus on the question
of business cycle synchronization in large open economies. I find that the model generates a degree of
international comovement that is close to the data. In the second part, I focus on small open economies
(SOE) and the role of foreign shocks in their business cycles. I find that in some SOEs foreign shocks can
outperform domestic shocks at explaining their business cycles.

I first briefly describe the calibration of the model and then proceed with the quantitative exercises.

Calibration

Some parameters and steady state conditions are set beforehand. The coefficient of relative risk aver-
sion, σ, is set to 2, which is the typical value in the literature, e.g. Aguiar and Gopinath (2007). As it is
standard in the RBC literature, I fix the discount factor β at 0.99 (quarterly frequency), the depreciation
rate δ at 0.025, and the elasticity of output with respect to capital α at 0.36. Following Neumeyer and
Perri (2005), the curvature of labor υ is set to 1.6. The preference parameter ψ is chosen to generate a labor
input of 1/3 in steady state. The steady state bond holdings are calibrated to zero. The parameter κ in the
bond holding quadratic cost function is set to 10−5 to approximate the frictionless case and to guarantee
stationarity.

A key parameter is the elasticity of substitution across competing products, 1/ (1− θ) , which deter-
mines the markup, 1/θ. As a benchmark I take the estimates of the elasticity of substitution obtained for
the U.S. economy, which the trade and industrial organization literatures locates between 3 and 10, e.g.
Broda and Weinstein (2006) and Hendel and Nevo (2006). I consider three cases: (i) a low elasticity of 3

(θ = 2/3) , which implies a markup of markup of 1.5, (ii) a medium elasticity of 5 (θ = 0.8), which implies
a markup of 1.25, and (iii) a high elasticity of 10 (θ = 0.9) , which implies a markup of 1.11.

Given a value of θ, a subset of parameters is calibrated to match cross-section averages in the sample
of countries listed in Table B.1. The elasticity of gross output to intermediate goods µ is chosen such that
the intermediate good share (the ratio of cost of intermediate goods to the total value of gross output)
in the model (denoted by µθ) equals 0.50, which is very close to the actual cross-country average in the
sample.35 This target is useful given the relative stability of the intermediate good share, both across time

35Intermediate good share is approximately 0.50 for each group of countries listed in Table B.1. A similar value is used by
Jones (2011).
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Table 4.1: Baseline Calibration

Fixed parameters Name Value
β Discount factor 0.99
α Exponent of production function 0.36
δ Depreciation rate 0.025
σ Relative risk aversion 2.00
υ Labor curvature 1.60
κ Bond holding cost 1.00e-005
Varying parameters Name Low Mid High
θ Inverse markup 0.67 0.80 0.90
µ Exponent of production function 0.75 0.63 0.56
ψ Scale parameter 0.17 0.44 0.68

and across countries. Following Heathcote and Perri (2002), I set the value of γ to 0.85 to generate an
import to GDP ratio in the model (denoted by (1− γ)µθ/ (1− µθ)) of 0.15. This parameter will change
when I look at small open economies.

I assume that the parameters governing the stochastic processes of technology shocks are symmetrical
across countries. Following Heathcote and Perri (2002) I set ρa and ρ∗a to 0.97. The standard deviation
of the innovations σa and σ∗a are set to 0.005. Different from the literature, I impose no cross-border
technological spillovers. The parameter controlling the adjustment cost of capital is set φ to 0.08.

Two large economies I focus on two symmetrical economies, i.e. n = 1/2. I solve the model us-
ing a first-order log-linear approximation around a non-stochastic steady state. See Appendix A for the
equations.

Impulse responses

Figure 1 and 2 plot the impulse response functions for all different elasticities considered in the bench-
mark calibration, i.e., high, mid and low. The shock is a one standard deviation, one period, unexpected
positive shock to the domestic technology. All variables are presented as percentage deviations from their
steady state values, except for net exports.

The responses of the model mimic those of the standard IRBC. A positive domestic technology shock
provides strong incentives to increase the labor input. The complementarity between labor and capital,
along with the persistence of technology, increases investment. As a consequence of higher technology
and more capital and labor, output expands. The increase in technology also increases the supply of
intermediate inputs, which, through the input-output linkages, amplify the initial domestic technology
shock. As a result of the economic expansion, domestic TT deteriorate as domestic goods become rel-
atively more abundant. Foreign country households buy domestic-country bonds to invest in the most
productive capital.
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Figure 1: Impulse response functions after 1 S.D shock to domestic technology

With respect to the international transmission of shocks, the deterioration of domestic TT brings about an
expansion in the other country. As explained earlier, this business cycle synchronization is the result of
the trade and productivity channels. In the case of the trade channel, the relative abundance of imports,
enable foreign firms to expand production. The complementarity of imports with other factors provide
incentives for higher employment and higher investment. As for the productivity channel, access to
relatively cheaper imports lifts the productivity of the foreign economy despite the fact that its technology
remains fixed. The impulse responses show that this effect can be sizable, specially for low elasticities
of substitution.36 For instance, under the low elasticity, an increase of domestic TFP of 1.5 percent is
accompanied by an increase of foreign TFP of about a 0.4 percent. This increase in foreign TFP represent
approximately half of the increase in foreign output.

36This is also caused by the way the model is calibrated to match the intermediate good share in the data. In particular, the
lower θ is, the larger is µ. This means that input-output linkages are stronger in the low elasticity case.
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Figure 2: Impulse response functions after 1 S.D shock to domestic technology

The model delivers new implications that are worth mentioning. First, TFP is more persistent when
shocks originate abroad. In this example, foreign TFP has barely changed in the first 20 quarters after the
shock. In contrast, domestic TFP in the twentieth quarter is less than 50 percent of its initial level after the
shock. As explained before, this quantitative implication is the result of the link between TT and wealth
distribution in equilibrium. A second implication is the response of consumption relative to the response
of output. In the domestic economy, consumption responds less forcefully than output. For example,
on impact, consumption increases approximately 30 to 40 percent less than output. The opposite occurs
in the foreign country. For example, in the low elasticity case, foreign consumption increases on impact
approximately 20 percent more than output. For the high elasticity case, the response of foreign consump-
tion is approximately twice the response of output. As discussed before, these differences are explained
by the TT. Specifically, in the foreign economy, TT are insuring the household against the production risk.
In contrast, in the foreign country, the response of TT exacerbates the production risk.
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Table 4.2: Model versus Data

A. Volatility
σ(Y ) σ(C)

σ(Y )
σ(I)
σ(Y )

σ(L)
σ(Y ) σ(M∗) σ(M) σ(NX) σ(TT )

U.S. Data 1.67 0.81 2.84 0.66 3.94 5.42 0.45 2.99
Standard IRBC 1.21 0.52 2.73 0.32 0.99 0.96 0.19 0.78
Model High 1.45 0.68 2.27 0.59 1.15 1.15 0.10 0.93
Model Mid 1.64 0.72 2.53 0.59 1.40 1.40 0.07 1.16
Model Low 2.23 0.83 2.90 0.61 2.12 2.13 0.03 1.50
B. Correlations with output

Y C I L M∗ M NX TT

U.S. Data 1.00 0.86 0.95 0.87 0.32 0.81 -0.49 -0.24
Standard IRBC 1.00 0.96 0.96 0.97 0.59 0.86 -0.65 0.65
Model High 1.00 0.98 0.98 0.99 0.75 0.60 -0.50 0.53
Model Mid 1.00 0.96 0.97 0.99 0.87 0.56 -0.44 0.48
Model Low 1.00 0.97 0.94 0.99 0.98 0.64 -0.15 0.36
C. Cross country correlations

Y C I L TFP 1

U.S. Data 0.58 0.36 0.30 0.42 0.29
Standard IRBC 0.17 0.68 -0.29 -0.17 0.29
High 0.24 0.52 0.26 0.42 0.07
Mid 0.37 0.65 0.31 0.56 0.20
Low 0.65 0.83 0.45 0.79 0.53

Note: Data and standard IRBC from Heathcote and Perri (2002). Statistics from the model are the averages of 100
simulations each 104 periods long. NX is the ratio of net exports to GDP (all at current prices).
1 For data and standard IRBC, the value corresponds to the estimated correlation between technology innovations, see
Heathcote and Perri (2002).

Business cycle synchronization

Table 4.2 presents the predictions of the model for volatility, correlations and international comove-
ment. I consider the three alternative calibrations, i.e., high, mid and low elasticities. I compare these
predictions to the U.S. data. As a reference, I also report the business cycles statistics predicted by a stan-
dard IRBC bond economy. Both, the data and the standard model, are taken from Heathcote and Perri
(2002).

Let me start with the cross-country correlations, reported in Panel C. The standard IRBC model gen-
erates too low, and sometimes negative, cross-country correlations. This is the result of an intrinsic force
in the IRBC: households reallocate their portfolio towards the most productive location. This negative
comovement of factors occurs despite the fact that the IRBC is calibrated to match the cross-country cor-
relation of productivities. In contrast to the IRBC, the model delivers plausible levels of comovement.
Importantly, the model generates cross-border spillovers in productivity that are in the order of mag-
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nitude of the data. Like the standard IRBC model, the model also predicts too much comovement in
consumption, relative to the correlation of output. Intuitively, there is too much risk sharing across coun-
tries.

Panel A reports the volatilities and relative volatilities and Panel B reports the correlations with output.
Note that the model outperforms the standard RBC in terms of volatility of exports, imports and TT. For
example, under the low elasticity, the model can explain about half of the volatility of TT, while the
standard IRBC explains a quarter of the volatility. In terms of correlations, the model behaves as the
standard IRBC. Like the standard framework, the model overpredicts the correlation of consumption,
labor and exports. The model also fails at predicting the negative correlation between output and TT.

Small open economies In this section of the paper, I explore the implications of the model for SOE’s
business cycles.

Implications for SOE business cycles

Here I present an analysis suggesting that the business cycle properties of emerging SOEs are more
in line with what foreign shocks predict than what domestic shocks predict. The properties of developed
SOEs indicate that neither foreign nor domestic shocks are dominant.

Emerging and developed SOEs differ in many aspects. In terms of their business cycle properties,
the differences are noticeable. Aguiar and Gopinath (2007) document the following differences between
emerging and developed SOEs. First, at the business cycle frequency, consumption is approximately 40
percent more volatile than output in emerging markets. In developed economies the same ratio is slightly
less than one on average. Second, in emerging countries, in contrast to developed countries, the trend
component of growth is more important for business cycle volatility. Here I add another difference. In
emerging countries, TT and TFP tend to be negatively correlated, especially after 1980, while in developed
SOEs, the correlation is weakly positive, see Table B.1.

I will argue that the distinctive features of emerging countries emphasized by Aguiar and Gopinath
(2007) are connected to the strong negative correlation between TT and TFP. Specifically, the model im-
plies that a foreign technology shock have almost the same effects as a domestic technology shock of the
same sign but differ in (i) the direction of change in TT, (ii) the persistence of TFP, and (iii) the relative
volatility of consumption. These differences are reminiscent of the distinctive features of emerging coun-
tries highlighted above. Hence, through the lens of the model, TFP of emerging countries (and more
generally their business cycles) seem to be partially driven by exogenous TT fluctuations.

In order to support the idea that emerging business cycle seems to be caused by exogenous TT move-
ments, I show next how the predictions of the model change as the relative importance of foreign and
domestic shocks varies. I set γ to 0.7 to match the average imports to GDP ratio in the sample of SOEs
and let one country be infinitesimally small, i.e. n → 0.37 In this re-parameterized version I scale the
relative variance of the foreign shock and the domestic shock from one extreme (only domestic shocks) to

37I solved the model under the limiting case where one country is a SOE. Details of this approximation are provided in the
Appendix A. Specifically, I assume that the home country is the small economy, i.e. n→ 0. In this approximation, the exponent
1− γ → λ and 1− γ∗ → 0.
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Figure 3: Moments as a function of relative volatility of foreign shocks

the other extreme (only foreign shocks). For each variation, I simulate the economy for 100 periods and
compute the following statistics: (i) the correlation between TFP and TT, (ii) the ratio of standard devia-
tion of consumption to the standard deviation of output, (iii) the first-order autocorrelation of TFP, and
(iv) the first-order autocorrelation of the change in TFP. I repeat the simulation 100 times and calculate the
average for each statistic. As in Aguiar and Gopinath (2007), (i)-(iii) are computed over HP-filtered data.

Figure 3 reports the results. The horizontal axis measures the relative volatility of foreign to domestic
technology shocks, going from zero (no foreign shocks) to one (no domestic shocks).

Panel (a) reports the correlation between TFP and TT predicted by the model. The correlation moves
from positive to negative territory as foreign shocks become relatively more important. As expected, the
correlation decays faster when the inefficiency wedge widens.

Panel (b) reports the ratio of the standard deviation of consumption to the standard deviation of out-
put. The model generates excess volatility of consumption (ratio greater than 1) when foreign shocks
are predominant. Different from panel (a), increasing the inefficiency wedge imposes some limits on the
excess volatility of consumption because output is also more elastic to TT in this case.
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Panel (c) reports the autocorrelation of TFP (HP filtered) as a proxy of persistence. Increasing the
importance of foreign shocks generates higher TFP persistence. As expected, the effect is stronger the
wider the inefficiency wedge.

Finally panel (d) reports the first-order autocorrelation of the first difference in log TFP, i.e. TFP
growth. When TFP is entirely driven by stationary AR(1) domestic technology shocks, this statistic is
negative.38 When TFP is a random walk, this statistic approaches to 0. As foreign shocks become more
important, TFP growth displays a positive first order autocorrelation, despite the fact that all shocks are
stationary.

Are shocks to TFP foreign or domestic?

Here I try to provide an answer to this question by constructing inferences about the two unobservable
states At and A∗t on the basis of the full history of data observed for a particular country. I construct these
inferences using the Kalman smoothing algorithm, see Hamilton (1994). I use Mexico and Canada as
prototypes of emerging and developed economies, respectively. Because the data is annual, I recalibrate
the model to that frequency. Accordingly, the discount factor β and the depreciation rate δ are set to 0.95
and 0.06, respectively. The rest of parameters remain the same.39

The first step is to rewrite the model using the following state-space representation,

ξt+1 = Fξt +Hεt+1, εt+1 ∼ i.i.d. N (0, I)

xt = V ′ξt + ut, ut ∼ i.i.d. N (0,Σ)

ξt =
[
k̂∗t−1, b̂t−1, k̂t−1, ât−1, â

∗
t−1, εa,t, ε

∗
a,t

]′
εt =

[
εa,t, ε

∗
a,t

]′
xt =

[
ŷt, ĉt, ît, t̂tt

]′
,

where ξt is the vector of states, xt is the vector of variables observed at date t, εt is the vector of white noise
innovations to the states and ut are measurement errors. Matrices F , H, and V depend on parameters of
the model.

I restrict the history of data to those variables that, from the point of view of the model, are informative
about the unobservable states. Based on the previous analysis, I include four observables in xt: TT, out-
put, consumption and investment (all in logged and HP-filtered) from 1980 to 2008.40 Kalman smoothing
requires specific values for the parameters of the model. I choose the calibration under the medium elas-
ticity of substitution, i.e. θ = 0.8. Other parameters

(
φ, ρa, σ

2
a, ρ

∗
a and σ∗2a

)
are estimated by Maximum

Likelihood. To avoid a singularity, I include independent measurement errors for each observable, i.e., Σ

is a diagonal matrix. Parameters φ, ρa, σ2a, ρ∗a and σ∗2a and standard errors of the measurement errors are
chosen to maximize the log of the sample likelihood, and constructed via Kalman filter.41

The parameter estimates and their standard errors are reported in Table 4.3. Figure 4 and 5 plot the
results for Mexico and Canada respectively. The top/left panel plots the observed TFP series and the TFP

38It is straightfoward to show that for an AR(1) process xt = ρxt−1+εt with εt ∼ N
(
0, σ2

)
, the plim of the first autocorrelation
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Table 4.3: MLE estimates

Parameter Canada Mexico
Estimate Std. Error Estimate Std. Error

ρa 0.9414 0.0167 0.4303 0.0163
σa 0.0042 0.0033 0.0023 0.0046
ρ∗a 0.7060 0.0092 0.6327 0.0227
σ∗a 0.0071 0.0068 0.0200 0.0178
φ 0.7398 0.0102 0.7703 0.0552

series predicted by the model. The predicted series follows the same cyclical pattern of the observed TFP.
In the case of Mexico, the model falls short at predicting the actual TFP volatility. The graph on the right
shows the predicted TFP decomposed by the TT component and the domestic technology component,
as in equation (32) . According to Kalman smoothing, shocks that hit Mexico between 1980-2008 were
predominantly exogenous to domestic technology. In contrast, the decomposition of the predicted series
of TFP for Canada shows that domestic technology shocks played a predominant role. The second and
third row present the predictions for the observable variables. Smoothed predictions of the model match
the actual series fairly well, but fail in some occasions.42

5 Additional exercises

CES production function Here I discuss two extensions regarding the elasticity of substitution be-
tween factors of production. In these cases, I will depart from the Cobb-Douglas specification used in the
model presented above.

Domestic and imported intermediate inputs

International business cycle models consider the case where domestic and imported intermediates are
strict complements in production, see Backus et. al. (1992). Here I adopt this idea through the following
nested CES production function,

qt (i) = At (i)At

(
kt (i)α lt (i)1−α

)1−µ
[γdt (i)ρ + (1− γ) (mt (i))ρ]

µ
ρ (38)

with −∞ < ρ < 1 and µ, γ and α ∈ (0, 1) .

of ∆xt is (ρ− 1) /2 < 0.
39Recall that for SOEs γ was set to 0.7.
40I do not include TFP as part of the observed variables. In that sense, I am providing less information to the Kalman filter

that the one required to determine the unobservables. Results do not change dramatically if I include TFP as observable.
41I note that Kalman smoothing generates a perfect fit for some variables (investment and TT). Following the literature, e.g.

Cole et al. (2005), I added measurement errors with pre-specified variances in the measurement equations for those variables.
42The model fits the data relatively well except for Mexico during 1994-1995 period (Tequila Crisis). In particular, the model

underpredicts the fall in consumption.
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Figure 4: Results of Kalman smoothing - Mexico.

The elasticity of substitution between a domestic and imported intermediate inputs is given by 1/ (1− ρ) .

It is straightforward to show that under this more general production function TFP is still given by equa-
tion (32) . The main difference with the Cobb-Douglas case is the way that TT respond to shocks. Specifi-
cally, increasing the complementarity between domestic and imported intermediate inputs implies that a
given change in the allocation of production across countries is achieved through larger TT movements.
In the model that would also imply higher TFP volatility.

Capital-labor and intermediate inputs

There is evidence suggesting that elasticity of substitution between capital-labor and intermediate
inputs is less than one (complements), e.g., Rotemberg and Woodford (1996). In this section I discuss how
the link between TT and TFP is affected by the elasticity of substitution between factors of production. In
particular, I consider a CES production function of the form,

qt (i) = At (i)
[
(1− µ)

(
kt (i)α lt (i)1−α

)ρ
+ µ

(
dt (i)γmt (i)1−γ

)ρ] 1
ρ (39)
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Figure 5: Results of Kalman smoothing - Canada

with −∞ < ρ < 1 and µ, γ and α ∈ (0, 1) . The elasticity of substitution between a capital-labor composite
and intermediate inputs is given by 1/ (1− ρ) . This general CES production function nests the Cobb-
Douglas case when ρ → 0. It also nests the fixed proportions production function (i.e. Leontieff) when
ρ→ −∞ and the linear production function when ρ→ 1. The rest of the model remains the same.

Under this CES production function, aggregate gross domestic output can be also written as equation
(31) , where TFP (in growth rates) can be written as,

dTFPt
TFPt

=
1

(1− ρ)

[
1

(1− θ−1St)
− ρ

(1− St)

]
dAt
At
− 1

1− ρ

[
(1− γ) θ−1St

1− θ−1St
1− θ
1− St

]
dTTt
TTt

(40)

with St ≡ (PtDt + P ∗t Mt) /PtQt is the intermediate input revenue share.43

I focus on the coefficient multiplying the growth rate of TT.44 Notice that the sign of the coefficient
is the same as in the Cobb-Douglas case, i.e., an exogenous TT deterioration reduces TFP. Importantly,
now TT also affect productivity through St. The bracketed term is the same as the Cobb-Douglas case

43When ρ→ 0, St collapses to µθ and the formula goes back to (32) .
44Some of the effects discussed next are also present in the coefficient multiplying the growth rate of technology.
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(32) except that the intermediate revenue share St depends on TT. The elasticity of substitution 1/ (1− ρ)

scales the bracketed term up or down depending on whether factors are strict substitutes or strict comple-
ments. The intuition for this is the following: The elasticity of substitution determines the speed at which
decreasing returns set in. So, for example, when factors are strict complements, decreasing returns set in
faster than the Cobb-Douglas case and thus any marginal change in imports does not affect production as
much as the Cobb-Douglas case. In addition to this, the elasticity of substitution affects the coefficient via
St. In particular, when factors are strict substitutes S′t (TTt) < 0 and when factors are strict complements
S
′
t (TTt) > 0. Thus, as the term in brackets is strictly increasing in St, this additional effect counterbal-

ances the scaling effect. Whether the scaling effect dominates this indirect effect depends itself on the
elasticity of substitution. In particular, the scaling effect dominates when factors are strict complements.
In the limiting case where factors are perfect complements, i.e., ρ→ −∞, the effect of TT on TFP collapses
to zero because decreasing returns set in quite rapidly. The opposite occurs for the strict substitute case.
In the limiting case where factors are perfect substitutes, i.e., ρ → 1, the effect of TT on TFP collapses to
zero because St collapses to zero whenever TTt increase.

Evaluating this CES case goes beyond the scope of this paper. Yet, I would like to emphasize that for
plausible estimates of the elasticity of substitution, the effect of TT on TFP is still important. For instance,
Rotemberg and Woodford (1996) report an elasticity of approximately 0.7. A back-of-the-envelope calcu-
lation, that only takes into account the scaling effect, indicates that for that level of complementarity the
impact of TT on TFP would decline by 30 percent, at most.

Long-lasting TFP declines The previous analyses suggest that emerging countries business cycles
are buffeted by exogenous TT fluctuations. Importantly, when that happens, TFP is highly persistent.
Here I assess the contribution of observed TT on observed TFP persistent declines. This is related to ongoing
literature that is trying to understand why TFP in emerging countries exhibit protracted recoveries, see
Bergoing et. al. (2002), Cole et. al. (2005), Meza and Quintin (2007), and Benjamin and Meza (2009),
among others. The analysis presented below suggests that large and persistent TT deteriorations play an
important role in explaining those events.

The analysis focuses on all emerging countries in the sample from 1980-2008, see Table B.1. First
I identify episodes of TFP decline. These episodes end if the pre-decline TFP level is recovered or if
another TFP decline occurs. To focus on protracted recoveries, I truncate the analysis to only include
those episodes with a duration of at least 5 years. Table B.2 lists all identified episodes in the sample.
Long-lasting TFP declines tend to coincide with TT deteriorations of similar magnitude and persistence.
The model predicts that whenever that happens, TT is causing TFP and not the other way around.

I use equation (32) to compute an alternative TFP path that is consistent with the observed path of
TT, assuming that domestic technology is constant. I focus on those episodes in which TT deteriorated
because in those cases, through the lenses of the model, TT is most likely exogenous to domestic technol-
ogy. Figure 6 plots the average TFP (red line) decline for each year after the peak until the fifth year. TFP
declines substantially in the first three years and then stagnates. The other lines denote the predictions
of the model under different elasticities of substitution. For the lowest elasticity, TT contribute up to 50
percent of the average long-lasting TFP decline.
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Figure 6: Long-lasting TFP declines and predicted TFP

Micro-evidence According to the model, the larger is the inefficiency wedge or the higher is the
import intensity, the larger is the drop in TFP after an adverse TT deterioration. In this section, I present
indirect micro-evidence supporting these implications. The micro-data comes from the annual industrial
survey - Encuesta Nacional de Industria Anual (ENIA) - of Chile which contains establishment-level data
for the years 1980 to 1995. This survey is widely used in the I-O literature, e.g., Petrin and Sivadasan
(2011), and I refer to that literature for details. The ENIA is useful because the Chilean economy was hit
by several shocks, including adverse TT shocks, during the first half of the 1980s, see Bergoing et. al.
(2002). In fact, while aggregate TFP in Chile declined 20 percent between 1981-1982, its TT deteriorated
in almost the same magnitude.

I use the micro-data to test whether industries with high markups experienced larger drops in TFP.
The first step is to estimate the markups by industry. Following De Loecker and Warzynski (2012) I
approximate the markup from the first order conditions (foc) for intermediate inputs. In the model, these
focs can be written as:

µ
pt (i) qt (i)

Ptdt (i) + P ∗t mt (i)
=

1

θ

In the data, I observe gross nominal output (pt (i) qt (i)) and the total cost of materials (Ptdt (i) + P ∗t mt (i))

by establishment. I do not know the parameters µ and θ. I proxy µ by the 3-digit sectorial elasticity of
output to intermediate inputs estimated by Petrin and Sivadasan (2011). Given the estimate of µ, I back
out the value θ from the foc. To reduce noise in the data, I aggregate the establishment level data by their
3-digit sector indicator. Accordingly, hereafter index i refers to a sector. I still need a value for α, which I
back out from the foc of firms using the sectorial wage bill. TFP at the sectorial level is constructed using
the standard formula: TFP (i) = y (i) /k (i)α l (i)1−α.

Figure 7 plots the growth rate of TFP by sector in the year 1982, when the TT deteriorated. The
horizontal axis denotes the level of markups (in logs). Sectors with higher markups experienced larger
TFP contractions, which is exactly what the model predicts.

I also use the micro-data to test whether industries with high import intensity experienced larger
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Figure 7: Micro-evidence: TFP and markups

drops in TFP. I measure import intensity by the share of imports on the cost of intermediates. In the
model, the focs imply,

P ∗t mt (i)

Ptdt (i) + P ∗t mt (i)
= 1− γ

In the data, I observe the cost of imported intermediate inputs (P ∗t mt (i)) and the total cost of materials
(Ptdt (i) + P ∗t mt (i)). I perform the analysis at the 3-digit sector level as before. Using the aggregated data,
I back out γ from the previous equation. Figure 8 plots the growth rate of TFP by sector in the year 1982
sorted by the imported intensity (in logs). Sectors with higher import intensity experienced larger TFP
contractions, which is exactly what the model predicts.

Measurement It is quite possible that actual national accounts use biased priced deflators.45 The
main result in Proposition 1 assumed unbiased price deflators. Here I discuss the role of these biases
assuming that TT movements are exogenously driven by foreign technology. Appendix A provides the
proof for all cases discussed here.

Suppose that TT at base year prices, i.e., TTb ≡ P ∗b /Pb, differ from current equilibrium TT, i.e., TTt =

P ∗t /Pt. The implications for TFP are the following: When TTt move towards TTb, there is an artificial gain
in efficiency because the gap between the marginal product of imports and TTb falls. In contrast, when
TTt move away from TTt, there is an artificial loss in efficiency. This affects the correlation between TT
and TFP. For instance, if TTb > TTt and the TT deteriorate (increase), TFP artificially rises and there is an
upward bias in the correlation between TT and TFP. On the contrary, if TTb > TTt and the TT improve
(decrease), there is downward bias in the correlation between TT and TFP. The sign of the bias switches
if TTb < TTt. Updating price deflators to current market condition certainly reduces the aforementioned
biases, e.g., the chain-weighted Fisher index.46

45For the case of the United States, see Feenstra et. al. (2009).
46Assessing how the results of the numerical experiments change after considering these biases is not the main focus of the
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Figure 8: Micro-evidence: TFP and import intensity

6 Conclusions

In this paper, I document the correlation between the terms of trade and aggregate TFP in a group of mid-
dle/high income countries. For some countries the data on terms of trade - defined as the ratio of import
prices to export prices - and TFP - measured by the Solow residual - are strongly negatively correlated. In
other words, when the terms of trade deteriorate (improve) often times TFP declines (increases). This is a
problem for the standard international real business cycles theory, initiated by Backus et. al. (1992).

Using a two-country monopolistic competitive model, this paper demonstrates that the terms of trade
can affect productivity in the same way as in the data. The key for this result is the existence of monop-
olistic power in combination with imported intermediate inputs. The link between terms of trade and
productivity delivers novel implications for the analysis of business cycles in open economies. First, it
introduces cross-country comovement of productivities which enhance business cycle synchronization
among large economies. Second, it implies that foreign technology shocks can have almost the same
effects as domestic technology shocks.

Quantitatively, this paper shows that plausible levels of monopolistic power can lead to business cycle
synchronization close to the one observed between the U.S. economy and the rest of the world. The paper
also finds evidence suggesting that the business cycles of some small open economies, especially emerg-
ing economies, are more likely to be the result of foreign shocks. Likelihood-based methods indicate that
for emerging countries, in contrast to small developed economies, TFP is mainly the result of exogenous
terms of trade fluctuations.

One key point that the paper does not address is the role of financial shocks in emerging countries,
which plays a central role in many business cycle models, e.g., Neumeyer and Perri (2009) and Mendoza
and Yue (2011). The omission of financial shocks probably biases the results shown in the paper in favor

paper. Yet, numerical experiments suggest that in order to revert the negative correlation between TT and TFP that arises when
there is monopolistic power, the bias in the base year terms of trade has to be substantial, e.g., 50 percentage points.
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to the terms of trade. Hence, an interesting avenue of future research would be to add financial shocks
into the model in order to disentangle their importance vis-à-vis the terms of trade. Moreover, it would
also be interesting to shed light on the relationship between financial shocks and terms of trade, both in
the data and in a model.

References

Acemoglu, Daron, Vasco Carvalho, Asuman Ozdaglar, and Alireza Tahbaz-Salehi. 2011, October. “The network
origins of aggregate fluctuations.” Economics working papers 1291, Department of Economics and Business,
Universitat Pompeu Fabra.

Aguiar, Mark, and Gita Gopinath. 2007. “Emerging Market Business Cycles: The Cycle Is the Trend.” Journal of
Political Economy 115:69–102.

Amiti, Mary, and Jozef Konings. 2007. “Trade Liberalization, Intermediate Inputs, and Productivity: Evidence
from Indonesia.” American Economic Review 97 (5): 1611–1638 (December).

Backus, David K., and Mario J. Crucini. 2000. “Oil prices and the terms of trade.” Journal of International Economics
50 (1): 185–213 (February).

Backus, David K., Patrick J. Kehoe, and Finn E. Kydland. 1992. “International Real Business Cycles.” Journal of
Political Economy, pp. 745 – 775.

. 1993. “International business cycles: theory vs. evidence.” Quarterly Review, no. Fall:14–29.

Basu, Susanto. 1995. “Intermediate Goods and Business Cycles: Implications for Productivity and Welfare.”
American Economic Review 85 (3): 512–31 (June).

Basu, Susanto, and John G. Fernald. 2002. “Aggregate productivity and aggregate technology.” European Economic
Review 46 (6): 963–991 (June).

Baxter, Marianne, and Mario J Crucini. 1993. “Explaining Saving-Investment Correlations.” American Economic
Review 83 (3): 416–36 (June).

. 1995. “Business Cycles and the Asset Structure of Foreign Trade.” International Economic Review 36 (4):
821–54 (November).

Becker, T., and P. Mauro. 2005. “Output drops and the shocks that matter.” Working paper 06172, International
Monetary Fund.

Bems, Rudolfs, Robert C. Johnson, and Kei-Mu Yi. 2011. “Vertical Linkages and the Collapse of Global Trade.”
American Economic Review 101 (3): 308–12 (September).

Benjamin, David, and Felipe Meza. 2009. “Total Factor Productivity and Labor Reallocation: The Case of the
Korean 1997 Crisis.” The B.E. Journal of Macroeconomics 9 (1): 31.

Bergoeing, Raphael, Patrick J. Kehoe, Timothy J. Kehoe, and Raimundo Soto. 2002. “A Decade Lost and Found:
Mexico and Chile in the 1980s.” Review of Economic Dynamics 5 (1): 166–205 (January).

Berka, Martin, Mario J. Crucini, and Chih-Wei Wang. 2012. “International risk sharing and commodity prices.”
Canadian Journal of Economics 45 (2): 417–447 (May).

Broda, Christian, and David E. Weinstein. 2006. “Globalization and the Gains from Variety.” The Quarterly Journal
of Economics, May, 541 – 585.

Burstein, Ariel, Christopher Kurz, and Linda Tesar. 2008. “Trade, production sharing, and the international
transmission of business cycles.” Journal of Monetary Economics 55 (4): 775–795 (May).

33



Burstein, Ariel, Joao C. Neves, and Sergio Rebelo. 2000, August. “Distribution Costs and Real Exchange Rate
Dynamics During Exchange-Rate-Based-Stabilizations.” Working paper 7862, National Bureau of Economic
Research.

Chari, V. V., Patrick J. Kehoe, and Ellen R. McGrattan. 2007. “Business Cycle Accounting.” Econometrica 75 (3):
781–836 (05).

Cole, Harold L., and Maurice Obstfeld. 1991. “Commodity trade and international risk sharing : How much do
financial markets matter?” Journal of Monetary Economics 28 (1): 3–24 (August).

Cole, Harold L., Lee E. Ohanian, and Ron Leung. 2005, April. “Deflation and the International Great Depression:
A Productivity Puzzle.” Nber working papers 11237, National Bureau of Economic Research, Inc.

Cole, Harold L., Lee E. Ohanian, Alvaro Riascos, and James Jr Schmitz. 2005. “Latin America in the rearview
mirror.” Journal of Monetary Economics 52 (1): 69–107 (January).

Crucini, Mario, Ayhan Kose, and Christopher Otrok. 2011. “What are the driving forces of international business
cycles?” Review of Economic Dynamics 14 (1): 156–175 (January).

De Paoli, Bianca. 2009. “Monetary policy and welfare in a small open economy.” Journal of International Economics
77 (1): 11–22 (February).

Dixit, Avinash K, and Joseph E Stiglitz. 1977. “Monopolistic Competition and Optimum Product Diversity.”
American Economic Review 67 (3): 297–308 (June).

Easterly, W., Kemer-M. Pritchett L., and L.H.Summers. 1993. “Good policy or good luck? Country growth perfor-
mance and temporary shocks.” Journal of Monetary Economics 32:459 – 483.

Feenstra, Robert C., Benjamin R. Mandel, Marshall B. Reinsdorf, and Matthew J. Slaughter. 2009, December.
“Effects of Terms of Trade Gains and Tariff Changes on the Measurement of U.S. Productivity Growth.” Nber
working papers 15592, National Bureau of Economic Research, Inc.

Goldberg, Pinelopi Koujianou, Amit Kumar Khandelwal, Nina Pavcnik, and Petia Topalova. 2010. “Imported
Intermediate Inputs and Domestic Product Growth: Evidence from India.” The Quarterly Journal of Economics
125 (4): 1727–1767 (November).

Gopinath, Gita, and Brent Neiman. 2012. “Trade Adjustment and Productivity in Large Crises.” mimeo, Harvard
University.

Greenwood, Jeremy, Zvi Hercowitz, and Gregory W Huffman. 1988. “Investment, Capacity Utilization, and the
Real Business Cycle.” American Economic Review 78 (3): 402–17 (June).

Hall, Robert. 1990. “Invariance properties of Solows productivity residual.” In Diamond, P. (Ed.), Growth, Produc-
tivity, Employment. MIT Press.

Hamilton, James D., ed. 1994. Time Series Analysis. Princeton University Press.

Heathcote, Jonathan, and Fabrizio Perri. 2002. “Financial autarky and international business cycles.” Journal of
Monetary Economics 49 (3): 601–627 (April).

Hendel, Igal, and Aviv Nevo. 2006. “Measuring the Implications of Sales and Consumer Inventory Behavior.”
Econometrica 74 (6): 1637–1673 (November).

IMF. 2000. “Transition Economies: An IMF Perspective on Progress and Prospects.” Technical Report.

Izquierdo, Alejandro, Randall Romero, and Ernesto Talvi. 2008, February. “Booms and Busts in Latin America:
The Role of External Factors.” Idb publications 6736, Inter-American Development Bank.

Jaimovich, Nir, and Max Floetotto. 2008. “Firm dynamics, markup variations, and the business cycle.” Journal of
Monetary Economics 55 (7): 1238–1252 (October).

34



Jermann, Urban, and Vincenzo Quadrini. 2009, September. “Macroeconomic Effects of Financial Shocks.” Nber
working papers 15338, National Bureau of Economic Research, Inc.

Jones, Charles I. 2011. “Intermediate Goods and Weak Links in the Theory of Economic Development.” American
Economic Journal: Macroeconomics 3 (2): 1–28 (April).

Kehoe, Timothy J., and Edward C. Prescott. 2002. “Great Depressions of the Twentieth Century.” Review of
Economic Dynamics 5 (1): 1–18 (January).

Kehoe, Timothy J., and Kim J. Ruhl. 2008. “Are shocks to the terms of trade shocks to productivity?” Review of
Economic Dynamics 11:804 – 819.

King, Robert G., and Sergio T. Rebelo. 1999. “Resuscitating real business cycles.” Chapter 14 of Handbook of
Macroeconomics, edited by J. B. Taylor and M. Woodford, Volume 1 of Handbook of Macroeconomics, 927–1007.
Elsevier.

Loecker, Jan De, and Frederic Warzynski. 2012. “Markups and Firm-Level Export Status.” American Economic
Review 102 (6): 2437–71 (October).

Mendoza, Enrique G. 1991. “Real Business Cycles in a Small Open Economy.” American Economic Review 81 (4):
797–818 (September).

. 1995. “Terms of Trade, Real Exchange Rate, and Economic Fluctuations.” International Economic Review 36
(1): 101 – 137.

Mendoza, Enrique G., and Vivian Z. Yue. 2011, June. “A General Equilibrium Model of Sovereign Default and
Business Cycles.” Nber working papers 17151, National Bureau of Economic Research, Inc.

Meza, Felipe, and Erwan Quintin. 2007. “Factor Utilization and the Real Impact of Financial Crises.” The B.E.
Journal of Macroeconomics 7 (1): 33.

Neumeyer, Pablo A., and Fabrizio Perri. 2005. “Business cycles in emerging economies: the role of interest rates.”
Journal of Monetary Economics 52 (2): 345–380 (March).

Petrin, Amil, and Jagadeesh Sivadasan. 2011, August. “Estimating Lost Output from Allocative Inefficiency, with
an Application to Chile and Firing Costs.” Nber working papers 17373, National Bureau of Economic Research,
Inc.

Rabanal, Pau, and Juan F. Rubio-Ramirez. 2012, January. “Can International Macroeconomic Models Explain
Low-Frequency Movements of Real Exchange Rates?” Imf working papers 12/13, International Monetary
Fund.

Rabanal, Pau, Juan F. Rubio-Ramrez, and Vicente Tuesta. 2011. “Cointegrated TFP processes and international
business cycles.” Journal of Monetary Economics 58 (2): 156–171 (March).

Reinhart, Carmen M., and Peter Wickham. 1994. “Commodity Prices: Cyclical Weakness or Secular Decline?” IMF
Staff Papers 41 (2): 175–213 (June).

Rotemberg, Julio J., and Michael Woodford. 1993. “Dynamic General Equilibrium Models with Imperfect Com-
petitive Product Markets.” Nber working papers 02138.

. 1996. “Imperfect Competition and the Effects of Energy Price Increases on Economic Activity.” Journal of
Money, Credit and Banking 28 (4): 549 – 577 (November).

Schmitt-Grohe, Stephanie, and Martin Uribe. 2003. “Closing small open economy models.” Journal of International
Economics 61 (1): 163–185 (October).

Sims, Christopher A. 1969. “Theoretical Basis for a Double Deflated Index of Real Value Added.” The Review of
Economics and Statistics 51 (4): 470 – 471 (Novemberl).

Williamson, Jeffrey G., ed. 2011. Trade and Poverty. The MIT Press.

35



Appendix A Main derivations

Household problem Focs,

−UL,t
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=
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1 + φ
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− 1

)
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UC,t

(
rt+1

Pt+1
+ (1− δ)− φ

2

((
Kt+1

Kt

)2

− 1

))}

1 + κB∗t = βEt
{
UC t+1

UC,t

TT ∗t+1

TTt
R∗t

}
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}
where UL,t is the marginal dis-utility of labor and UC,t is the marginal utility of consumption, at period t.

Final good producer The foc,

gt (i) =

(
1

n

)(
pt (i)

Pt

) 1
θ−1

Gt,

Firm’s problem Given the input-output linkages in the model, it is useful to think about firm’s i problem in
three stages.

Cost minimization

First, firm i finds the factor mix, i.e. kt (i) , lt (i) , dt (i) , mt (i) that minimizes the total cost of production taking
as given factor prices. That is,

mct (i) qt (i) ≡ min
{kt(i),lt(i),dt(i),mt(i)}

rtkt (i)− wtlt (i)− P̃tdt (i)− P̃ ∗t mt (i) , (41)

s.t. : qt (i) = At (i)
(
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α
lt (i)
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)1−µ (

dt (i)
γ
mt (i)

1−γ
)µ

where P̃t and P̃ ∗t are the shadow prices of the domestic intermediate input aggregator dt (i) and the imported
intermediate input aggregator mt (i). First order conditions deliver,
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The definition of total cost of production delivers the formula for the unitary cost of production mct (i) ,
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Intermediate input mix (cost minimization)

Given dt (i) , firm i chooses the optimal mix of intermediate goods dt (i, j) taking their given prices. Firm i

minimizes the cost of the domestic intermediate good composite,

P̃tdt (i) ≡ min
{dt(i,j)}j∈[0,1]

∫ 1

0

pt (j) dt (i, j) dj,

s.t.: dt (i) =
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0

dt (i, j)
θ
dj

) 1
θ

The first order condition for dt (i, j),
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) 1
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dt (i) . (42)

Substituting (42) in dt (i) delivers the following equation,

P̃t = Pt =
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θ−1 di

) θ−1
θ
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A similar problem for mt (i) delivers mt (i, j),

mt (i, j) =

(
1

1− n

)(
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) 1
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where,

P̃ ∗t = P ∗t =

(
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1− n
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p∗t (i)
θ
θ−1 di

) θ−1
θ

.

Pricing decision

Finally, firm i sells its output to the market at a price pt (i) in a monopolistic competitive fashion. The firm
maximizes profits,

Πt (i) = max
pt(i)

pt (i) qt (i)−mct (i) qt (i) ,

subject to (8). Combining previous results, the sum of demands simplifies to a single demand schedule,

qt (i) =

(
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Pt

) 1
θ−1
(
Gt +

∫ n

0

dt (j) dj +

∫ 1

n

m∗t (j) dj

)
,

The first order condition of the above problem yields the standard markup over marginal cost formula,

pt (i) =
1

θ
mct (i)
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Derivation of TFP Differentiating equation (23) , keeping prices constant, yields,47

dYt
Yt

=
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Pb (Gt +M∗t )

Yt

]
d (Gt +M∗t )

Gt +M∗t
−
[
P ∗bMt

Yt

]
dMt
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. (44)

I will focus on the case where base prices approximate current equilibrium prices, i.e. Pb → Pt and P ∗b → P ∗t .

From equations (29) and (30),

d (Gt +M∗t )
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=

dQt
Qt

,
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Moreover,
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Combining these equations with (44),
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Differentiating gross output,
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Plugging it into (45) yields,
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where,
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TTt
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1
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dAt
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Integration from time 0 to t (ignoring constants of integration) delivers equation (31) and (32) .

Log-linear model Here I present the equations of the model. All variables are log-linearized, except for the
bond-holdings of the home economy which are linearized around its steady state. I assume that in the steady state
bond- holdings are zero and TT are one.

For the domestic country, the equations are,

υl̂t = ẑt (46)

φ
(
k̂t − k̂t−1

)
= EtûC,t+1 − ûC,t + (1− β (1− δ))

(
Etẑt+1 − k̂t

)
− βφEt

(
k̂t+1 − k̂t

)
(47)

ẑt = − (1− γ)µ

(1− µ)
t̂tt +

1

1− µ
ât + αk̂t−1 + (1− α) l̂t (48)

κb̂t = EtûC,t+1 − ûC,t + R̂t (49)

t̂tt + κb̂∗t = EtûC,t+1 − ûC,t + Ett̂tt+1 + R̂∗t (50)

δKît = Kk̂t − (1− δ)Kk̂t−1 (51)

Cĉt + δKît + b̂t +B∗t̂tt + b̂∗t = Zẑt +Rb̂t−1 +
P ∗

P
R∗b̂∗t−1 (52)

47This is known in the literature as the Divisia Quantity Index, see Sims (1969).
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where x̂t ≡ log (Xt/X) is the log-deviation of variable Xt from its steady state X . The bond holdings in steady state
are zero. Hence, I linearize, i.e., b̂∗t ≈ b∗t − b∗ and b̂t ≈ bt − b, where b and b∗ is zero in the steady state.

The log-linear approximation of the marginal utility of consumption is given by,

ûC (t) = − σC

C − ψLυ
ĉt +

σψυLυ

C − ψLυ
l̂t

Log-linearizing the equation for output in domestic country, (31) gives ,

ŷt = t̂fpt + (1− α) l̂t + αk̂t−1, (53)

where t̂fpt is given by,

t̂fpt = − (1− γ)µ

(1− µ)

1− θ
1− µθ

t̂tt +
1

1− µ
ât (54)

For the foreign country, the equations are analogous except that −t̂t∗t replaces t̂tt and γ∗ replaces γ.
The approximation of the bond-holding market clearing conditions,

b̂t + b̂∗t = 0 (55)

b̂∗t + b̂∗∗t = 0 (56)

Finally, to characterize the equilibrium I log-linearized equation (16) . After combining it with other conditions,
I get,

Cĉt +Kk̂t − (1− µγθ)Qẑt +M∗
(
t̂tt + ẑ∗t

)
= (1− δ)Kk̂t−1 (57)

Technology shocks,

â∗t = ρ∗aâ
∗
t−1 + σ∗aε

∗
a,t,

ât = ρaât−1 + σaεa,t,

The aforementioned equations (including the omitted equations for the foreign country) determine a set of
differential equations that can be solved via standard methods.

Small open economy To capture the dynamics of the small open economy, I follow De Paoli (2009), I imple-
ment the small open economy approximation as follows: I assume that γ (the exponent on domestic intermediate
inputs in the production function) is a function of the relative size of the other country: 1 − γ = (1− n)λ, where
parameter λ ∈ (0, 1) represents the degree of openness. Foreign firms’ production function is analogous, except
that 1 − γ∗ = nλ. Assuming that the domestic country is a small economy, i.e. n → 0, the exponent 1 − γ → λ and
1 − γ∗ → 0. The key difference with the set of equations shown above is that t̂t

∗
t disappears from foreign country

equations.
In addition, I impose the following restrictions. First, the foreign bond holdings become zero: b̂∗t and b̂∗∗t are zero.

This just means that the foreign country approximates the rest of the world, which is a closed economy. Second,
the domestic country is impeded from issuing domestic bonds abroad: b̂t is zero. The only financial international
asset available to the small open economy is b̂∗t, which is denominated in the currency of the foreign country. This
guarantees that the small open economy has no effect on the rest of the world. Moreover, the terms of trade between
the small open economy and the rest of world are completely irrelevant for the latter. Because of monopoly power,
the small open economy can still affect its terms of trade.
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Different measurement of output Assume that production requires only labor and imported intermediate
inputs, i.e. Gt + M∗t = Qt (Lt,Mt). Moreover, to simplify the analysis further assume that the supply of labor is
inelastic. First consider output at constant base prices :

Yt = Qt − TTb Mt

where TTb are the terms of trade in the base year. It follows that,

∂Yt
∂TTt

=

(
∂Qt
∂Mt

− TTb
)
∂Mt

∂TTt
, (58)

which can be rewritten as:

∂Yt
∂TTt

= (TTt − TTb)
∂Mt

∂TTt
+

(
∂Qt
∂Mt

− TTt
)
∂Mt

∂TTt
(59)

= (TTt − TTb)
∂Mt

∂TTt
+

1− θ
θ

TTt
∂Mt

∂TTt

Recall, ∂Mt/∂TTt < 0 and that ∂Qt/∂Mt = θ−1TTt > TTt. It follows that the second term is negative. The first
term can be positive or negative depending on whether current equilibrium TTt are lower or higher than base year
TTb. Suppose now that there are no markups, so that the second term drops out. In that case, if TTt < TTb, then
∂Yt/∂TTt > 0. On the contrary, if TTt > TTb, then ∂Yt/∂TTt < 0. These biases have obvious implications for TFP,
which in this case coincides with labor productivity. The elasticity of TFP to TT:

d log TFPt
d log TTt

=
TTt − TTb

TTt

(
TTtMt

Yt

)(
d logMt

d log TTt

)
+

1− θ
θ

(
TTtMt

Yt

)(
d logMt

d log TTt

)
. (60)

Now consider the chain weighted Fisher index of output. Under Fisher chain-weighted output, I have:

Yt+1 =
Qt+1 − TTt+1Mt+1

PFishert+1

,

where the Fisher chain-weighted price index is the geometric average of the Paasche and Laspeyres indices between
the current period and the previous period:

PFishert+1 =

(
Qt+1 − TTt+1Mt+1

Qt+1 − TTtMt+1

) 1
2
(
Qt − TTt+1Mt

Qt − TTtMt

) 1
2

PFishert .

This yields the Fisher chain-weighted quantity index:

Yt+1 =

(
Qt+1 − TTt+1Mt+1

Qt − TTt+1Mt

) 1
2
(
Qt+1 − TTtMt+1

Qt − TTtMt

) 1
2

Yt.

The first order change of the logarithm of chain-weighted output is approximated as:

log Yt+1 − log Yt ≈
dYt

dTTt+1
(TTt+1 − TTt) .

Differentiating the natural logarithm of chain-weighted real GDP:
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.
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Since ∂Qt/∂Mt = θ−1TTt, the above simplifies to:

d log Yt+1

dTTt+1
=

1− θ
θ

TTt+1
dMt+1

dTTt+1

(Qt+1 − TTt+1Mt+1)
− Mt+1

2 (Qt+1 − TTt+1Mt+1)
(61)

+
Mt

2 (Qt − TTt+1Mt)
+

(Tt+1 − TTt) dMt

dTTt

2 (Qt+1 − TTtMt+1)
.

The first term of the right hand side of (61) captures the effect imperfect competition. Evaluating the above
expression at TTt+1 = TTt, this terms remains,

d log Yt
dTTt

=
1− θ
θ

TTt
dMt

dTTt

Qt − TTtMt
.

It follows,
d log TFPt
d log TTt

=
1− θ
θ

TTtMt

PFishert Yt

(
d logMt

d log TTt

)
< 0. (62)

Appendix B Data

Sample I consider a sample of countries that consists of a list of non-oil exporters, no transition, middle- or
high-income countries.48 The countries are listed in the Table B.1. I split the sample between large countries (G6),
developed SOEs (other OECD), and emerging SOEs. The data comes from the World Bank’s World Development
Indicators (WDI) and Penn World Tables 7.0 (PWT). These databases contain annual data from 1960 to 2008.

TT and TFP Following BKK (1992), TT are defined as the ratio of import prices to export prices, where each
price is the implicit deflator from the national accounts (nominal/real). TFP is computed as follows,

TFPt =
Yt

Kα
t−1L

1−α
t

where Yt is the period t real GDP,Kt−1 is the end of period t−1 stock of capital (beginning of period t stock of capital)
and Lt is a measure of labor input utilized in production. The parameter α is set at 0.36, which is the standard value
used in the RBC literature. The stock of capital is constructed using the perpetual inventory method. This consists in
constructing a time series for Kt recursively using,

Kt = (1− δ)Kt−1 + It

where It is investment in period t and parameter δ is the depreciation rate. The recursive constructed of capital is
initialized using the steady state condition of capital under the balanced growth path.49

The labor input is proxied by total hours from PWT. The data are not reported directly by PWT and instead are
recovered as follows (PWT’s mnemonics are given in parenthesis). Total hours are the product of population (POP)
with GDP Per Capita (RGDPL), divided by GDP per hour worked at 2005 constant prices (rgdpl2th). The informa-
tion is available for most countries in the sample, except for Indonesia, Malaysia, The Philippines, Thailand, and
Uruguay. For these countries, the labor input is approximated by total employment, which equals the POP*RGDPL,
divided by GDP per employee (rgdpl2te).

48The classification of middle-income / high-income countries is taken from the World Bank’s World Development Indicator.
See IMF (2000) for a list of transition economies. See Chapter 2 of the IMF’s World Economic Outlook 2006 for a list of oil
exporter. This classification excludes large oil producers for which oil is not a key export, such as Canada, Ecuador, Mexico, and
the United Kingdom.

49That is K0 = I0/ (δ + g) , where g is growth rate of investment in a balanced growth path. The latter is estimated by the
average growth rate of investment in the sample.
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Table B.1: Correlation of TT with TFP

A. Large industrialized countries (G6) 1960-1979 1980-2008 1960-2008
France -0.13 -0.51 -0.39
Germany -0.58 0.12 -0.10
Italy -0.29 0.16 -0.10
Japan -0.12 -0.28 -0.20
United Kingdom -0.04 0.56 0.22
United States -0.21 -0.37 -0.31
Average -0.19 -0.02 -0.11
B. Small developed countries (other OECD) 1960-1979 1980-2008 1960-2008
Australia 0.14 0.29 0.22
Austria -0.03 0.13 0.01
Belgium -0.17 -0.06 -0.11
Canada 0.03 0.18 0.10
Denmark -0.36 -0.04 -0.19
Finland 0.20 -0.48 -0.15
Greece 0.29 0.30 0.30
Iceland -0.54 -0.18 -0.42
Ireland -0.09 0.17 0.04
Luxembourg -0.60 0.25 -0.31
Netherlands 0.11 0.10 0.10
New Zealand -0.18 0.42 0.04
Portugal -0.55 -0.26 -0.44
Spain 0.41 -0.29 0.13
Sweden -0.17 -0.39 -0.31
Switzerland 0.68 0.58 0.62
Average -0.06 0.04 -0.03
C. Emerging countries 1960-1979 1980-2008 1960-2008
Argentina 0.02 -0.40 -0.15
Brazil 0.00 -0.56 -0.32
Chile -0.70 -0.36 -0.52
Colombia 0.04 -0.38 -0.20
Indonesia -0.25 -0.18 -0.17
Korea 0.35 -0.56 0.24
Malaysia -0.56 -0.54 -0.44
Mexico -0.06 -0.82 -0.57
Peru 0.04 -0.25 -0.16
Philippines 0.30 0.25 0.22
Thailand -0.20 -0.27 -0.20
Uruguay 0.43 -0.13 0.09
Average -0.09 -0.35 -0.24
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Table B.2: Episodes of long-lasting TFP declines

Country Start End Duration TFP change TT change
Argentina 1987 1991 5 -8.94 -10.60
Argentina 1998 2005 8 -7.13 -0.33
Brazil 1980 1986 7 -12.86 11.36
Brazil 1987 1994 8 -4.89 13.13
Brazil 1997 2005 9 -2.31 14.55
Chile 1981 1988 8 -11.72 13.89
Chile 1997 2004 8 -12.50 -5.08
Colombia 1989 2005 14 -3.52 3.27
Indonesia 1984 1988 5 -2.83 14.86
Indonesia 1995 2006 12 -9.81 -6.02
Malaysia 1980 1988 9 -4.14 11.02
Malaysia 1995 1999 5 -4.95 -0.75
Mexico 1981 1991 11 -18.58 42.71
Mexico 1992 1997 5 -4.66 4.60
Peru 1981 1986 6 -15.18 7.89
Peru 1987 1994 8 -29.54 15.03
Peru 1995 2001 6 -3.28 12.37
Philippines 1980 1989 10 -18.68 -1.80
Philippines 1990 1996 7 -5.44 -0.07
Philippines 1997 2002 5 -2.83 -15.45
Thailand 1996 2003 8 -9.24 11.38
Uruguay 1980 1987 8 -20.26 -1.30
Uruguay 1998 2004 7 -8.78 1.23
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