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Large US firms, by diffusing embodied technology 
through trade in intermediates, appear to drive Europe's 
output over the medium term. We develop a two-
country model of endogenous growth in varieties, 
cross-country firm heterogeneity and trade to match 
this evidence. A US TFP slowdown generates a 
pronounced recession in Europe, while a negative 
investment-specific shock also imparts a protracted 
recession in the US since GDP and firm productivity 
stay below trend beyond a decade. Heterogeneous 
firms, with endogenously changing productivity cut-
offs, and the responses of innovators and adopters 
determine medium-term adjustment, as import 
switching processes unfold. 

Since the end of World War II, advanced economies 
have experienced long-lasting swings in economic 
activity (e.g., Crafts and Toniolo, 1996, Temin, 2002). 
These prolonged swings give rise to business cycles 
of stronger volatility and persistence than 
conventionally analyzed. In a seminal contribution, 
Comin and Gertler (2006) characterize them for the US 
economy and term them “medium term cycles”. In 
Correa-López and de Blas (2018), we take a closer 
look at the historical data, uncovering that, over the 
medium term, output and investment fluctuations 
among European countries have been even more 
volatile and persistent than in the US. In addition, US 
output, investment and embodied productivity1 show a 
lead and a strong correlation with, respectively, 
European output, investment and embodied 
productivity at medium frequencies, as Figure 1 
illustrates. To understand what drives such 
comovements, we present evidence of international 
diffusion of US technologies via trade. Furthermore, 
we show that larger US firms may play a significant 
role in explaining the observed cross-country 
aggregate patterns through their relevance in trade. 
Building on Comin and Gertler (2006), we develop a 
quantitative macroeconomic model of two advanced 
economies in an attempt to match the stylized facts 
found in the data. 

Stylized features of international medium term 
comovement

The international medium-term comovement pattern 
identified is suggestive of an important role for persistent 
US shocks in generating medium term fluctuations 
across the advanced world. In particular, at the medium 
frequency, US R&D spending and patents lead and 
strongly correlate with the output and investment cycles 
of Europe. Furthermore, there are strong medium 
frequency comovements between, on the one hand, the 
volume of bilateral exports and the number of 
intermediate varieties exported from the US and, on the 
other, the output and investment cycles of its main 
European trading partners, as illustrated in Table 1. The 
medium frequency fluctuations in US bilateral trade 
variables display a small lead over Europe’s medium 
term cycle, suggesting that, once exported, these 
technologies diffuse rapidly in advanced economies. 

Importantly, it appears that large firms affect the 
transmission of US technology cycles. The evidence 
presented in Table 2 shows that fluctuations in size of 
medium and large firms are significantly more correlated 
with the European output and investment cycles than 
fluctuations in size of smaller firms over the medium 
term. In addition, medium-sized and, especially, large 
manufacturing firms in the US drive the medium term 
cycle of US bilateral exports, placing them at the 
forefront of international technology diffusion.

Taken together, the evidence suggests that larger US 
firms, by diffusing embodied technology through trade 
in manufacturing intermediates, may determine 
Europe’s output at relatively low frequencies. These 
stylized features reinforce the importance to explore the 
role of firm heterogeneity in the international transmission 
of shocks via traded intermediates in the capital goods 
sector, a key driver of embodied growth.

The model

To account for this evidence, Correa-López and de Blas 
(2018) propose a two-country, asymmetric 
macroeconomic model with three distinctive elements. 
First, endogenous growth is driven by embodied 
technical change in new intermediate varieties for the 
capital goods sector (e.g., Romer, 1990, Comin and 

1  The relative price of capital captures embodied technical 
change (or productivity) in that a decline in the relative price 
of capital reflects positive technological progress (Comin and 
Gertler, 2006). It is measured as the investment deflator over 
the GDP deflator.

https://www.bde.es/f/webbde/SES/Secciones/Publicaciones/PublicacionesSeriadas/DocumentosTrabajo/18/Files/dt1835e.pdf
https://www.bde.es/f/webbde/SES/Secciones/Publicaciones/PublicacionesSeriadas/DocumentosTrabajo/18/Files/dt1835e.pdf
https://www.bde.es/f/webbde/SES/Secciones/Publicaciones/PublicacionesSeriadas/DocumentosTrabajo/18/Files/dt1835e.pdf


BANCO DE ESPAÑA 8 RESEARCH UPDATE, SPRING 2019

Gertler, 2006); second, there is cross-country firm 
heterogeneity in the production of such intermediates 
(e.g., Melitz, 2003, Ghironi and Melitz, 2005,); and third, 
countries trade in varieties (e.g., Comin et al., 2014, 
Santacreu, 2015). Newly developed intermediates in the 
capital goods sector are the result of innovation and 
adoption investments that both countries may 
undertake. Disembodied technical change in the 
production of final output is the second source of 
growth that, for simplicity, is exogenous. 

The model introduces firm heterogeneity in the 
production of specialized intermediates adapting the 
framework pioneered in Melitz (2003), where firms differ 
in their productivity level and use labor in production. 
Productivity cut-offs respond to demand (negatively) 
and costs (positively) variables, and select firms into 
producing either for the domestic market or for both the 
domestic and the exporting markets. In turn, the 
domestic and the exporting productivity cut-offs 
determine the probability of exporting. Holding the 
other productivity cut-off constant, an increase in the 
domestic (exporting) one, increases (reduces) the 
probability of exporting. The number of varieties 
produced domestically together with the probability of 
exporting determine the number of traded intermediates. 
In a model of endogenous growth in varieties such as 
this, productivity cut-offs exhibit long-term dynamics 
associated to the steady-state growth rate of the 

economy and short- to medium-term dynamics of 
adjustment after exogenous disturbances. The latter 
turns out to be critical for the international transmission 
of shocks.

Calibration and balanced growth

The model is calibrated for two advanced economies, 
where the US features as the leader, and its dynamic 
response assessed after embodied and disembodied 
technological disturbances, often considered the main 
drivers of short-term fluctuations (e.g., Backus et al., 
1992, Fisher, 2006). The benchmark calibration implies 
that 59% of growth in output per working age person in 
the long-run is explained by embodied technical change 
and 41% by disembodied technical change, consistent 
with the quantitative evidence from steady-state US 
growth decompositions (Greenwood et al., 1997, 
Cummins and Violante, 2002). 

Macroeconomic adjustment over the medium term

The model produces productivity cut-offs that vary 
noticeably across the ten-year horizon, countries and 
shocks. Consider a negative TFP shock in the US. As 
the US real wage falls, the number of US varieties (or 
innovations) exported initially rises since some 

NOTE: Using the band-pass filter to extract the medium frequency component, the vertical axis measures the percent deviation, in unitary terms, of output per 
capita from trend.

MEDIUM FREQUENCY COMPONENT OF GDP PER WORKING AGE POPULATION FIGURE 1
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intermediate manufacturers, facing a domestic 
recession, become exporters. That is, the probability of 
exporting and the number of exported varieties by US 
firms increase. This adjustment turns out to be critical 
for the follower country. Newly imported varieties from 
the leader produce efficiency gains in the production of 
investment in the follower, which staves off the recession 

in the intermediate goods sector and redirects resources 
to domestic adoption. The latter, however, makes the 
recession in the follower economy very pronounced 
and, especially, persistent: the follower reduces 
investment on innovation substantially, prompting a 
large fall in the number of new domestic varieties that 
are, after all, the engine of recovery and future growth. 

NOTE: Correlation coefficients in the medium-frequency component. Varieties are measured as the non filtered number of SITC rev. 2 categories up to the 5- digit 
disaggregation in manufacturing (excl. consumption goods) with a traded value greater than $1 mn as reported by the importer. Correlations are computed for 
1980-2014 and their significance is reported at the 5 percent level.

US varieties exported

France Germany Italy Spain

GDP per working age population

*2427.0*9816.0*9148.0*5306.00 gaL    

*4656.0*3916.0*5528.0*9816.01 gaL    

*1906.0*4065.0*6147.0*1645.02 gaL    

*8675.0*4024.0*2664.09752.03 gaL    

*2907.0*8955.0*6967.0*7017.00 gaL    

*7616.0*1365.0*7467.0*3096.01 gaL    

*3645.0*3205.0*8776.0*6695.02 gaL    

*3894.0*6263.0*4424.0*4743.03 gaL    

*8374.0-*4207.0-*3353.0-*5844.0-0 gaL    

*3344.0-*3026.0-4403.0-*5504.0-1 gaL    

*2844.0-*2175.0-7603.0-*8104.0-2 gaL    

*2074.0-*0865.0-292.0-*2504.0-3 gaL    

Investment per working age population

Relative price of capital

NUMBER OF VARIETIES TRADED AND THE EUROPEAN MEDIUM TERM CYCLE TABLE 1

NOTE: Size is proxied by the number of employees (i.e. micro firms are those with 1 to 9 employees and so on). Period 1977-2014. Contemporaneous correlation 
coefficients in the medium-frequency component, where significance is reported at the 5% level.

US firm size distribution

France Germany Italy Spain

GDP per working age population

7820.07680.0*7511.0*3251.0-)9-1( orciM    

0170.0*7771.0*4311.08210.0)94-01( llamS    

*5312.0*3303.0*3972.0*0151.0)942-05( muideM    

*3433.0*0934.0*4663.0*2914.0)052>( egraL    

*6421.00601.0-*3253.0*7711.0-0 gaL    

*2441.09630.0-*0723.03970.0-1 gaL    

*0882.02690.0*4664.07780.02 gaL    

*0613.0*1212.0*2284.0*0991.03 gaL    

*7871.0*9573.0*6713.0*7692.00 gaL    

*0302.0*9305.0*3334.0*1684.01 gaL    

*4763.0*1975.0*8025.0*7245.02 gaL    

*5944.0*5167.0*6117.0*1497.03 gaL    

Investment per working age population

Bilateral exports from the US to

US MANUFACTURING FIRM SIZE AND THE EUROPEAN MEDIUM TERM CYCLE TABLE 2
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data-like cross-country correlations in most 
macroeconomic aggregates. Among the novelties, the 
simulations show that large US exporters contribute 
strongly to the dynamics of the follower's GDP and 
investment over the medium term. These findings are 
consistent with the empirical evidence. Given our 
modelization of trade in new intermediate varieties 
produced by heterogeneous firms as the link across 
countries, a policy lesson calls for reconsidering the 
medium-term effects of an excessive reduction in 
innovation spending after a slowdown.
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Does the model fit the evidence?

The proposed model economy is simulated taking into 
account both types of technological shocks. 
Quantitatively, the framework outperforms standard 
international business cycle models in reproducing 

IMPULSE RESPONSE FUNCTIONS TO A NEGATIVE TFP SHOCK IN THE LEADER ECONOMY (HOME) FIGURE 2

NOTE: The solid (blue) line depicts the adjustment of the Home country (US) while the dashed (red) line depicts the adjustment of the Foreign country (Europe) 
to a negative TFP shock in the US. The magnitude of the responses is reported in percentage point deviations from the balanced growth path over a ten year 
horizon.
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