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TRADE SHOCKS, PRODUCT MIX ADJUSTMENT
AND PRODUCTIVITY GROWTH IN ITALIAN MANUFACTURING

by Maria Gabriela Ladu’, Andrea Linarello  and Filippo Oropallo***

Abstract

In this paper we use firm-level data on the universe of Italian manufacturing multi-
product exporters to test whether demand shocks in export markets lead multi-product
exporters to increase their productivity. The main mechanism behind the documented
productivity gains is the reallocation of resources across products within firms (Mayer et al.,
2014 and 2016). Intuitively, the increased demand stemming from foreign markets will induce
firms to adjust their product-mix by moving inputs from low to high productive/profitable
uses. We find that these productivity gains are significant and account for about 30 per cent of
aggregate productivity growth in the manufacturing sector.

JEL Classification: D22, F14.
Keywords: Italian manufacturing sector, export, trade shocks, productivity.

Contents
Lo INEEOAUCTION ..ottt ettt et e e eta e e et e e e ta e e eabeeeeaaeeeeaseeeeaseeeareas 5
2. Data and variable defiNItioNS..........c.ecoouiieiiiieciie ettt et 6
3. Skewness of eXported ProdUCE MIX.......ccuieeueerieeiienieeieeeie et esee et eseeereeseeeereesseessseesseens 10
4. Trade shocks and ProdUCHIVILY.......ccveeiieriieiiieiieeie ettt e sve e e eese e 13
5. Robustness and additional T€SUILS............cccuiieiuiiiiiiiiiciie e 15
6. Aggregate ProdUCLIVILY GAINS .....cccviervieeieeiiieeieerie et eieeeteesteeebeeteeebeesseessseesseeesseesseesnseens 19
7. CONCIUSION ...ttt ettt e e e et e e e et e e e e eataeeeesaaaeeeeeaasaeeeeensseeesansaeeeeannnes 21
RETCICINCES ...t e e e e e e e e tb e e e e etaeaeeesasaeeeeasseeeann 22

" University of Sassari and ISTAT.
** Bank of Italy
"TISTAT






1. Introduction®

The allocation of resources is an important determinant of aggregate productivity growth
(Olley and Pakes, 1996; Restuccia and Rogerson, 2008; Hsieh and Klenow, 2010). Until now, the
literature has addressed these broad issues by focusing on the entry and exit of firms, as well as on
the contribution of reallocation of productive inputs among incumbent firms with different
productivity levels (see Hopenhayn, (2014), for a review of the literature). Intuitively, the larger the
share of productive inputs deployed in more productive firms and the higher (lower) the
productivity level of entering (exiting) firms, the higher the level of aggregate productivity.
Motivated by the empirical evidence on US firms about the importance of multi-product firms in
terms of output, employment and value added share in manufacturing and the pervasiveness of
firm-level adjustments in the product mix (Bernard et al., 2010), recent theoretical and empirical
research in the international trade literature has focused on multi-product exporting firms and shows
how foreign demand shocks can lead to an increase in these firms’ efficiency through the
reallocation of resources across different products (Mayer et al., 2014, 2016; henceforth MMO).
While very close in spirit to the traditional literature on the positive effect on aggregate
productivity growth of reallocation across firms, MMO proposes a new channel whereby within-
firm reallocation across products can strengthen productivity growth at the firm level.

The main intuition behind this novel productivity-enhancing effect is that foreign demand
shocks increase the competitive pressures faced by firms in those markets. This feature is common
to several models with variable price elasticity of demand (Zhelobodko et al., 2012; Parenti et al.
2017). In these models, an increase in market size leads to an increase in competition in the
destinations targeted by the firms. This implies that firms can charge lower markups for each
exported product. As a consequence, multi-product exporting firms react by changing their product
mix and, in particular, by moving productive inputs from their worst to their best products. In
standard models of international trade (Bernard, et al., 2011) the worst and best products are defined
in terms of their relative productive efficiency: the best products are those where the firm is most
efficient in production and can charge a lower price, reach a larger share of consumers and hence
gain higher profit margins in export markets. The ensuing reallocation of resources within firm and
across products raises firm productivity.

In this paper we use firm-level data on the universe of Italian multi-product manufacturing
exporters between 2001 and 2015 to test this hypothesis that was proposed and already verified on
French data by MMO. In particular, our focus is on multi-product exporters which, within the
manufacturing sector, account for more than 60 per cent of aggregate employment and about 80 per
cent of total output. We accordingly proceed as follows. We first focus on the product mix at firm
level. In particular, we rank a firm’s exported products according to their shares over the firm’s total
exports. This allows us to define as best products those with the highest export share. Next we relate
the skewness indicator to destination market-specific measures of competition to test the hypothesis
that firms facing stronger competitive pressures choose to concentrate more on their sales of best
products. Finally, we move to firm-level productivity (measured as real revenue per worker). For

' We wish to thank Matteo Bugamelli, Andrea Lamorgese, Francesca Lotti and Paolo Sestito for helpful discussion. The
views expressed herein are those of the authors alone and do not necessarily reflect those of the Bank of Italy and of
ISTAT. All remaining errors are our own. Corresponding author: andrea.linarello@bancaditalia.it.



each firm, we build a firm-specific trade shock as a weighted average of the changes of total
imports of each destination market for each product, where weights are given by the share of that
product-market pair over the firm’s total exports. When relating this trade shock to firm-level
productivity in a regression framework where we control for sector trends and firm-fixed effects,
we find that positive trade shocks lead to an increase in firm productivity.

One important drawback of our analysis is that we cannot directly observe how inputs are
allocated within firms across exported products and therefore we are unable to provide direct
evidence about the mechanisms behind the observed changes in productivity. Nonetheless, we
perform some robustness tests to rule out alternative explanations. In particular, we show that the
link between trade shocks and productivity growth is absent among single product firms and it is
not driven by changes in prices, markups, scale effects and technology. Finally, in the remainder of
the paper, we show that the aggregate productivity gains stemming from the reallocation of
resources among multi-product manufacturing exporters, are sizeable and account for about 30
percent of aggregate productivity growth in the manufacturing sector.

Our paper is related to the growing literature on the effect of exports on firm productivity
growth. While early works have found little evidence of a causal effect of exports on firm
productivity growth (Clerides et al., 1998), more recent contributions have consistently documented
that exports can improve firm performance (De Loecker, 2007; Voigtlander et al., 2018). More
interesting, however, is the debate about the channels through which this can happen. Some works
have documented that increases in productivity are driven by technology adoption (Bustos, 2011) or
investment (Lileeva et al., 2010). In a series of recent works, Mayer et al., (2014, 2016) propose a
novel channel for productivity growth: the reallocation of resources across product lines within
firms. Our contribution to this literature is to document those productivity gains for the Italian
economy and, in particular, to quantify the overall contribution to aggregate productivity growth.

The remainder of the paper is structured as follows. In section 2 we describe the dataset.
Section 3 is devoted to the evidence on the product mix while sections 4 and 5 contain the
regression analysis of productivity and trade shocks. In section 6 we quantify the aggregate
productivity gains due to trade shocks. Section 7 concludes.

2. Data and variable definitions

In our empirical analysis we use firm-level data on the universe of Italian multi-product
manufacturing exporters over the period 2001-15. We exclude from our sample intermediaries
because, despite their relevance in determining aggregate trade flows (Bernard et al., 2015), we
expect the reallocation mechanism across product line to be more relevant among manufacturing
firms. The dataset merges two sources: the Business Registry (ASIA) covering the universe of
Italian firms that contains information on industry classification (4-digit Nace rev. 2), the number of
persons employed and turnover,” along with data on all Italian exports disaggregated by exporting

2 For a detailed description of this part of the dataset see Abbate, Ladu and Linarello (2017) and Linarello and Petrella
(2017).



firm, products (classified according to the 6-digit HS combined nomenclature classification) and
destination market.

In our empirical analysis we will rely on two different samples of data. In the first one, full
sample, we will include the universe of multi-product manufacturing exporters without imposing
any further restriction. Notwithstanding the quality and the richness of our data, one key drawback
in the full sample is that productivity can only be measured as real sales per worker. Because
productivity measures based on real output are sensitive to input substitution (e.g. outsourcing), we
will therefore build a restricted sample that includes all firms with balance sheet information.
According to Italian law, only incorporated firms must report their account with annual balance
sheets. This restriction will allow us to measure labor productivity as real value added per worker
and revenue total factor productivity (TFPR),* as well as a set of additional controls that we will use
to test the robustness of our results, but only on a subsample of firms.

Table 1 reports some descriptive statistics from the universe of manufacturing exporters. On
average we observe 70,000 exporting firms per year employing 2.4 million of workers with exports
worth some 260 billion of euros. In our empirical analysis we focus on multi-product
manufacturing exporters that represent only 40 per cent of manufacturing exporting firms, but
account for 90 per cent of total manufacturing exports. Multi-product manufacturing exporters sell
on average 10 products to 13 destinations. The fact that multi-product exporters dominate aggregate
trade flows in manufacturing is shared with many other countries (see Wagner, 2016, for a review
of the empirical literature). Multi-product manufacturing exporters are also prominent in the
manufacturing sector as a whole: they may represent a small share of firms (about 16 per cent) but
they account for more than 60 per cent of aggregate employment and about 80 per cent of total
output.

As already mentioned above, in the full sample we compute revenue productivity at the firm
level as real sales per worker. Throughout the period 2001-15, productivity increased on average by
1 per cent per year, recording a negative annual growth rate in the recessionary phases. As shown in
figure 1, the productivity growth rate in the sample of multi-product manufacturing exporters used
in our empirical analysis is remarkably similar to that of the universe of Italian exporters as a whole.
This is partly due to the fact that multi-product manufacturing exporters account for a
disproportionate share of real output and employment, but partly also suggests that their
productivity dynamic is of particular importance both for Italian manufacturing exporters and for
the manufacturing sector as a whole.

® For shipments to the EU, detailed product-destination information is available only for firms whose total annual
exports exceed €250,000; firms that export below this threshold can choose to report under a simplified scheme without
supplying details on product and export destinations. For exports outside the EU, the threshold in terms of annual values
goes down to €1,000.

4 We estimate TFPR as a residual of a Cobb-Douglas value added production function following the Wooldridge (2009)
methodology to estimate output elasticities. Capital is measured as the book value of tangible asset. Employment is
measured in headcounts. We estimates the production function for each 2-digit sector in the manufacturing sector
separately. Because we do not observe firm-specific output and input prices, we follow the literature and call our
measure of productivity TFPR, to stress that it can reflect both changes in technical efficiency as well changes in prices
and markups.
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Figure 1. Productivity annual growth rate 2001-15
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Notes: The solid line shows the productivity growth rate computed for the universe of manufacturing exporters; the
dashed line shows the productivity growth rate for the sample of multi-product manufacturing exporters used in the
analysis.

To identify a relationship between trade shocks and firm productivity we build a firm-
specific trade shock faced by firms in foreign markets exploiting the information on products and
the destination of trade flows at the firm level. In particular, consider a firm i which exports a
product p to destination d and the first year t, it appears in our dataset. We define a firm-specific
trade shock as the growth of total imports (excluding Italy) of product p by the destination country d
for all product-destination pairs where the firm recorded exports at t,. We exclude Italy to ensure
that changes in imports in destination countries are not driven by supply factors driven in turn by
changes in the Italian manufacturing firms. Let Alog M,,4, indicates the changes in imports into d
of product p from the world excluding Italy. Our trade shock can be written:

ATrade shock;; = Z

p.d

A log Mpdt

Xito

Where the weights Zipdty represent firms’ initial shares of export of product p to destination d over

Xitg
total exports. We keep the weights constant at the beginning of the period to make sure that changes
in trade shocks do not reflect product mix adjustment. This shock aggregates only across export
markets and it does not reflect the degree of exposure to foreign demand shocks; therefore we
rescale it using export intensity:

ATrade shock;, = —% Ypd x;pdto Alog My, 1)
ito

xit0+dit0
where % is the ratio between exports and total revenues, given by the sum of export sales
itg+%itg
(xi¢,) and domestic revenues (d;;,), to obtain an overall measure of exposure to foreign trade
shock at firm level.



3. Skewness of exported product mix

As a first step we investigate whether firms have best performing products that are sold in
many markets. In order to do that, we need a measure of a firm’s product ladder. In theoretical
models of multi-product firms, best performing products are defined in terms of productivity (or
production costs), which is unobservable in our data at the product level.” As an alternative
observable characteristic, following MMO we define the best performing products in terms of
export shares. We build two product rankings: a global rank of all the products exported by a firm;
and a local rank of the products sold in each destination. These rankings are computed annually for
each firm in our sample.

By definition, global rankings do not vary across destinations but local rankings can do. The
Spearman rank correlation between a firm’s local and global rankings, in each export market
destination, is 0.62. We computed the rank correlation for different samples where we gradually
restrict to firms that export many products to many markets. The rank correlation remains
remarkably stable and high across the different cuts of the data, even if we find that it slightly
decreases when we restrict the sample to firms exporting more than 50 products to more than 50
destinations (0.57). In figure 2 we provide further evidence that best performing products are
exported to many markets. For each product, sorted on the horizontal axis according to its global
ranking, we plot the ratio between the average number of destinations reached by that product and
the average number of destination reached by the firm computed across all products. Suppose, for
example, that a firm sell its best performing product to 10 destinations and on average it reaches 2
markets. The ratio will be equal to 5 (=10/2) and it would imply that the best performing product is
sold to a number of destinations 5 times larger than the average product. As expected, products with
lower global rankings are exported to fewer destinations; on average, the best performing product is
exported to around five more destinations relative to firm mean.

As discussed above, the theoretical literature predicts that the increased competitive
pressures generated by demand shocks faced by firms in foreign markets should trigger the
reallocation of resources across products within firms. We start by analyzing if in the cross section
in more competitive markets export sales are more concentrated in best performing products. We
use firm’s global and local product rank to construct measures of its destination-specific skewness
of sales as the ratio of a firm’s export sales to every destination for its best performing product
relative to its next best performing product (globally and locally).

> Productivity at the product level is rarely measured due to data limitations, in particular, the unavailability of inputs
usage at product level makes the estimation of multi-product production function cumbersome. The few exceptions to
this rule include De Loecker et al., (2016) on Indian data, Garcia-Marin and Voigtldnder (2019) and Lamorgese et al.,
(2014) on Chilean data; moreover, even when physical productivity can be measured at product level, it is difficult to
build rankings across products due to differences in units of measurement.
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Figure 2. Number of export destinations as a function of a product’s global rank
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Notes. Figure 2 plots the average number of export destinations for a product as a function of its global ranking. The
number of destinations is measured relative to the firm-mean number of destinations (across products).

Figures 3 and 4 show the relation between the average global ratio across firms in a given
destination and the GDP and the number of Italian exporters in that destination. As we can see,
there is a very strong positive correlation between the concentration of export sales in the best
performing product in a given destination and the measures of market size and the number of
competitors in that destination.

Figure 3. Mean global ratio and destination country GDP in 2005
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Notes. Figure 3 shows the correlation between the global ratio and destination country GDP. The global ratio is
constructed as the ratio of a firm’s export sales to every destination for its best performing product relative to its next
best performing product.
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Mean Global Ratio

Figure 4. Mean global ratio and number of Italian exporters in destination Country in 2005
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Notes. Figure 4 shows the correlation between the global ratio and a combined measure of the toughness of competition
constructed by using the number of Italian exporters to a destination. It clearly shows the existence of a strong
relationship between the global ratio and this measure of competition.

As a second step in our analysis, we investigate whether an increase in competition faced by
firms in destination markets leads to an increase in the sales of the best performing product and a
decrease of the sales of the other products, thus leading to an increase in the skewness of sales
towards best performing products. We test this correlation in a regression framework using the
following model:

AlnSkewness;; = a + - ATrade shock . + 8 + & @)

The dependent variable is a firm specific measure of skewness and the main explanatory
variables are the firm specific trade shocks (see eq. 1). All regressions include industry*time fixed
effects (5;.). We use three different measures of skewness. In the first column we use the log
change in the Theil index. An increase in the Theil index implies that the distribution of exports
become more concentrated. In the second column we use the change in the export share of the core
product. Finally, in the third column, we use the log change in the sales ratio of the first relative to
the second best performing product. For each firm we first measure the skewness by destinations
and, second, we aggregate them at firm level using destination specific time-invariant export shares
measured at the beginning of the period. Table 2 reports the results.

Consistent with the theoretical prediction of the MMO model and the cross-sectional
evidence provided before, the results show that an increase in competition faced by firms in foreign
markets lead to an increase in the concentration of export sales into the best performing products.
The results are robust to the different measures of export skewness.

12



Table 2 : Skewness and trade shocks

Alog Theil;, A share core Alo (Export(l))
products Export(2)
ATrade shock, 0.5537 0.00620" 0.0978"
[0.0698] [0.00361] [0.0252]
Observations 331212 331772 331544
R-squared 0.013 0.012 0.011

Notes: Table 2 displays the correlation between the change in the average Theil index (column 1), the change in the
average export share of core products (column 2), and the change in the average local ratio — export of core products
relative to the second best performing products. Averages across destinations at firm levels are calculated using
destination export shares at the beginning of the period. All regressions also include industry-year fixed effects. Robust
standard errors in parentheses are clustered at the firm level. Significance *** p<0.01, ** p<0.05, * p<0.1

4. Trade shocks and productivity

In the previous sections we provided some evidence that (i) multi-product firms have best
performing products sold in many markets, (ii) the concentration of exports in best performing
products is higher in larger and more competitive markets and (iii) an increase in competition faced
by firms in foreign markets leads to an increase in the concentration of sales in top products. We
now analyze the effect of an increase in competition on productivity. As discussed above, we will
rely on two different samples; in the full sample our measure of productivity is real revenue per
worker; in the restricted sample we will measure productivity as real value added per worker.

Figure 5. Productivity growth and trade shocks (averages 2001-15)

0
!

-.01
!

Productivity growth

0
Trade shock

Notes. Figure 5 shows the relationship between firm-level productivity growth and a trade shock. On the horizontal axis
we categorize firms according to the distribution of a trade shock conditional on industry*year fixed effects.
Productivity growth (on the vertical axis) is measured as the log difference in real revenue per worker, again conditional
on industry*year fixed effects.

13



Figure 5 shows the relationship between firm-level productivity growth and trade shock. We
plot productivity gains against the trade shock by regressing them on industry—year pair fixed
effects plotting the residuals. Productivity growth (on the vertical axis) is measured as the log
difference in revenue per worker. We find a very strong positive response of firm productivity to
changes in trade shock in foreign markets.

In Table 3 we generalize this result by running the following regression:
AInPROD;; = a + B -ATrade shock i + 6 + 6; + & 3)

where the dependent variable is the log difference of measures of firm productivity and the
main explanatory variable is the firm-specific trade shock (see eq. 1); we also add to the regression
industry-time fixed effects (6;;) to account for common demand and supply shocks that can affect
productivity, and firm-fixed effects (§;) to account for unobservable time-invariant firm
heterogeneity. In the first three columns we report the results for the full sample of multi-product
manufacturing exporters. An increase in trade shock leads to an increase in firm productivity, in all
columns the coefficients are positive and statistically significant. In the first column we add
industry and time-fixed effects separately, in the second column we add industry*time fixed effects,
while in the third column we include also firm fixed effects. In the second and third columns, even
though the point estimates are halved, they remains highly significant. A one-standard-deviation
increase in the trade shock raises firm productivity by 0.5 per cent per year.

In the last three columns of table 3 we run our regression on the restricted sample; in column
4 we use as dependent variable real output per worker and in the following two columns we use real
value added per worker and TFPR. In both cases the results are confirmed and we find a positive
and significant effect of trade shocks on firms’ productivity. Interestingly, the effect of trade shocks
on real output per worker are remarkably similar to the one estimated in column 2, suggesting the
selection bias should not be a major concern when working on the restricted sample.

Table 3. Impact of trade shock on firm productivity

1) 2) 3) (4) (®) (6)
Full sample Restricted sample

Dep. Var. AlnPROD;, AInPROD;, AlnPROD,, AInPROD;,, AInVAPROD;, AInTFPR;
ATrade shock;, 0.1477 0.0793™ 0.0968*** 0.114%** 0.107*** 0.102***

[0.00832] [0.00836] [0.00931] [0.00980] [0.0135] [0.0140]
Year FE YES
Industry FE YES
Industry*year FE YES YES YES YES YES
Firm FE YES YES YES YES
Observations 345000 345000 345000 260114 260114 244953
R-squared 0.052 0.078 0.206 0.214 0.169 0.169

Notes. Table 3 displays the correlation between the change in productivity and the change in trade shocks. Columns 1,
2, and 3 report the regressions using the whole sample of multi-product manufacturing exporting firms. The last 3
columns report the regressions using the sample of multi-product manufacturing exporting firms with balance sheet
information. In columns 1 to 4, productivity is measured as real sales per worker. Column 5 uses real value added per
worker as a measure of productivity, while column 6 uses TFPR. Robust standard errors are in parentheses (clustered at
the firm level): *** p<0.01, ** p<0.05, * p<0.1

14



5. Robustness and additional results

Given our crude measure of productivity and our trade shock the interpretation of our results
merits some discussion. An increase in measured productivity, i.e. real output per worker, could
reflect both an increase in productivity due to the more efficient allocation of resources across
products within the firm, but also to changes in sales, prices and markup simply driven by an
increase in the potential demand for exports faced by firms in the foreign market as measured by
our trade shock. These alternative stories can be problematic because they cast doubt on the
interpretation of our results in light of the reallocation mechanism discussed above. Unfortunately,
due to data limitation, we are unable to assess to what extent firms allocate more resources to their
best performing products, because we do not observe directly how inputs are allocated to different
product lines. Nonetheless in the remainder of this section, we provide some evidence that will
exclude alternative mechanisms that could lead to an increase in productivity at firm level following
a trade shock.

We begin by showing that the baseline results do not hold consistently among single product
firms. If the underlying mechanism driving the growth of productivity was the reallocation of
resources across products within firms, we would expect those gains to be absent among single
product firms. In the first two columns of table 4 we replicate our baseline regression on the full
sample of single product exporters. In the first column, where we control for time and industry-
fixed effects separately, the estimated coefficient is positive and significant. In the second column,
where we add time*industry fixed effects the point estimates almost halved and lost significance. In
the last two columns we run our baseline regression on the restricted sample, using both real output
and real value added productivity measures. Again, we do not find strong evidence of an increase in
productivity among single product firms. While these results support the idea that reallocation
within the firm can be an important channel at work, it does not exclude, however, that other
mechanisms could be at play.

Table 4. Single product firms

1 ) 3 4)
Full sample Restricted sample
Dep. Var. Aln PROD;, Aln PROD;, Aln PROD;, AlnVA PROD;,
ATrade shock;, 0.0737*** 0.0352 0.0768™ -0.00964
[0.0280] [0.0281] [0.0316] [0.0430]
Year FE YES
Industry FE YES
Industry*year FE YES YES YES
Observations 68411 68195 36007 36007
R-squared 0.025 0.071 0.120 0.116

Notes. Table 4 displays the correlation between productivity and trade shock for the subsample of single product firms.
Columns 1 and 2 report the regression using the whole sample of manufacturing single product exporting firms.
Columns 3 and 4 report the regression using the sample of manufacturing single product exporting firms with balance
sheet information. The last column uses as a measure of productivity real value added per worker. Robust standard
errors are in parentheses (clustered at the firm level): *** p<0.01, ** p<0.05, * p<0.1

One possible concern about our results is that changes in productivity could reflect changes in
prices and markups, rather than changes in how efficiently resources are allocated within the firm.
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An increase in foreign demand in fact could lead firms to charge higher markups and prices
(Chatterjee et al. 2013, Caselli et al. 2017). In table 5 we try to address these concerns. Using
detailed export data by product and destination, we build for each firm in our sample an export
price index:

Xipdt—1

Xit—1

where Aln P4, are log changes in unit values (measured as the ratio between export revenues and
quantity) of exported products (p), to destination (d) between two consecutive years, and the
weights are the export shares computed at the beginning of the period. If the documented changes in
productivity were mainly driven by changes in export prices, when including this proxy in our
regression we would expect to find a positive correlation between prices and productivity and a
more limited role of the trade shock. As shown in table 5 when we include the export price index to
our regressions the point estimates on the trade shock variable are remarkably stab