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Import Penetration, Intermediate Inputs and Firms’
Productivity in the EU Food Industry

Alessandro Olper, Daniele Curzi and Valentina Raimondi

1 Introduction

Does trade liberalization in upstream sectors improve firm productivity in the food industry?
Answering this question is crucial for the EU, as it is strictly related to trade liberalization in
the agricultural sector. Whether imported intermediate inputs bring more benefits or costs at
the food industry level would obviously have strong policy implications. Yet, despite the
growing importance of trade in intermediate inputs, very few papers to date have investigated
the relationship between imported inputs and food firms’ productivity growth both in the EU
countries and elsewhere.

Conceptually, the literature on endogenous growth provides theoretical grounds to study the
role of foreign inputs in enhancing efficiency gains and economic growth at the aggregate
level (e.g., Romer, 1987; Rivera-Batiz and Romer 1991). At the firm level, gains are
measured in terms of productivity growth realized through better complementarities of inputs,
lower input prices, access to higher quality of inputs and access to new technologies
embodied in the imported varieties (see Ethier, 1982; Markusen, 1989; Grossman and
Helpman, 1991). Robust empirical findings, obtained using micro-level data and focusing
mainly on developing countries, recently confirmed that imported inputs lead to an increase
in firm productivity growth (Amiti and Konings 2007; Halpern, Koren and Szeidl 2011;
Kasahara and Rodrigue 2008; Topalova and Khandelwal 2011), in the number of new
domestic products (Goldberg et al. 2010; Colantone and Crind, 2014) and in the probability
of firms’ entry in the export market (Bas and Strauss-Kahn, 2011; Chevassus-Lozza Gaigné
and Le Mener 2014).

Yet, with the notable exception of Chevassus-Lozza, Gaigné and Le Mener (2014), who
showed that lower input tariffs in agriculture may increase the export sales of high-
productivity manufacturing French food firms (but at the expense of low-productivity firms),
no papers to date has explicitly tested this relationship in the EU food industry.

The empirical analysis of the productivity effect of imports in intermediate inputs is
complicated by the lack of input-output tables with a sufficient level of disaggregation at the
EU level. As a consequence, when direct information on the intermediate consumption
structure for each firm is lacking, as it is often the case, then the researcher is forced to
adopt ad hoc solutions. For example, Chevassus-Lozza, Gaigné and Le Mener (2014)
combine trade and firm level data to identify the imported products processed by a firm
belonging to each 4-digit industry.

In this article we propose an alternative strategy based on the use of the US input-output
tables, notoriously more detailed than the EU one. To the extent to which technology is
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comparable between the US and the EU food processing industry, and this should be indeed
the case, then this strategy offers a relatively simple and, especially, more consistent solution
to the lack of disaggregated input-output tables for the EU countries. By relying on this
solution, we empirically study the productivity growth effect of import competition at both
industry and upstream sectors level, by exploiting a large micro-dataset of more than 20,000
French and Italian food firms, observed over the 2004-2012 period.

Working with Italian and French food firms presents some interesting advantages. In fact, the
two countries share a worldwide recognized quality reputation of their food products, based
on a strong food tradition and culture. Second, their food sectors, taken together, represent a
large fraction of the EU food industry revenue. However, at the same time, the two countries
have a fundamental difference in their agricultural sector, the industry that produces the
majority of the intermediate inputs used in the food industry. Indeed, while France is a net
exporter of agricultural products, Italy is a net importer. These similarities and differences
add interesting insights to the analysis of the effect of horizontal and, especially, vertical
import penetration on firms’ productivity growth.

As stated above, how imported intermediate inputs are measured is critical for our empirical
strategy. Following Acemoglu et al (2014) and Altomonte, Barattieri, and Rungi (2014), we
measure an index of vertical input penetration at very detailed level, by combining the BEC
classification, which distinguishes between intermediates goods and products for final
consumption, with the input-output table taken from the US Bureau of Economic Analysis
(BEA). By combining these sources we are able to measure an upstream inputs penetration
index and to study in detail whether horizontal or vertical import penetration matters the most
in affecting firms’ productivity growth.

In our context, the use of import penetration instead of tariffs to capture trade integration
effects offers some valuable advantages. First, because agri-food products at the EU border,
besides tariffs, are also protected by non-tariff barriers to trade, like sanitary and
phitosanitary standards (see Li and Beghin, 2012; Curzi, Raimondi and Olper, 2014). Thus,
by using a positive indicator of trade integration like import penetration, we implicitly take this
into account. Second, the use of import penetration also offers the possibility to investigate
how the impact of foreign competition on output and intermediate inputs changes by the
geographic origin of imports. Assessing this provides important pieces of evidence which are
necessary to answer questions like: is competition coming from developing or developed
countries that matter the most? Finally, another important advantage of using positive trade
integration indices is that, in France and lItaly, like in any other EU country, firms are primarily
affected by import competition coming from other EU countries (see Olper, Pacca and Curzi,
2014), and the majority of (imported) intermediate inputs are indeed sourced from the EU
countries. Hence, since tariffs do not change within the EU, by using variation in tariffs to
identify the effect of trade liberalization, we would omit from the analysis a large piece of
reality.

The remainder of the article is organized as follows. In section 2, we present how we
measure productivity, horizontal and vertical import penetration, as well as our identification
strategy. In section 3 we report the main econometric results. Finally, section 4 concludes.

© COMPETE WORKING PAPER | 4



IMPORT PENETRATION, INTERMEDIATE INPUTS AND FIRMS’ PRODUCTIVITY IN THE EU FOOD
INDUSTRY

2 Data, measures and empirical strategy

In order to apply our empirical strategy, we combine several different data sets. First, we
used the micro-data from Amadeus (Bureau van Dijk), to measure firm-level total factor
productivity. Second, detailed trade flows and production information data from Eurostat,
supplemented by information from the FAO for the (agricultural) row material inputs, are
combined with the US input-output information from the US Bureau of Economic Analysis, to
measure vertical import penetration. Below we give details of the different procedures.

2.1 Firm level total factor productivity

In order to estimate total factor productivity (TFP) at the firm level, we start by considering a
standard Cobb-Douglas production function Y;; = AitL‘ft‘KﬁkMﬁm, where Y;; is revenue-based
output of firm i in the year t; Li;, K;; and M;; are, respectively, labour, capital and materials
inputs, and f3;, Bxand B,, are the input coefficients to be estimated; finally A;;represents the

total factor productivity.

A log-linearization of the production function yields y;; = By + Bilit + BxKit + BmMit + i, With
InA;; = By + Mit, Where B, represents a measure of the mean efficiency level across firms and
over time, and n;, is the time-firm-specific deviation from that mean. TFP is extracted from
the above equation as a residual and, thus, the parameter of interest is the error term n;;.

To get a consistent estimator from the production function, n;; must be uncorrelated with the
input variables. Hence, because the use of OLS to estimate the production function would
lead m;; to be correlated with the input variables, generating simultaneity biases (see
Griliches and Mairesse 1995), we make use of the Levinsohn and Petrin (2003) approach.*

The method proposed by Levinsohn and Petrin (2003) (hereafter LP, for brevity), allows to
obtain an unbiased estimation of the residual from a Cobb-Douglas production function,
based on a semi-parametric estimation. According to this approach, the error term, nj, IS
decomposed into two parts, n;; = @;; + &, With @;representing the transmitted productivity
component and g;; an error term that is uncorrelated with input choices. The key difference
between the two components is that wm;; iS a state variable that impacts the productivity
shocks and is observed by the firm but not by the econometrician.

In order to overcome this limitation, LP propose an estimation approach that uses
intermediate inputs as proxies for these unobservable shocks, relying on the consideration
that intermediates may respond more smoothly to productivity shocks.? LP assume that the
intermediate inputs demand function depends on the two firm’s state variables, k;; and wj;,
m;; = m;(Kkj, wir). Next, they show that by making mild assumptions on the firm’s production
technology, the demand function is monotonically increasing in w;;. Thus, the intermediate

! Another valuable method that allows to overcome this problem has been proposed by Olley and
Pakes (1996). Although such method is conceptually similar to the one by Levinsohn and Petrin
(2003), our choice fell to the latter, due to data limitation. Indeed, the Olley and Pakes (1996) method
requires the use of investments as proxy for the productivity shocks, an information not available in the
Amadeus database.

2 Among the different variables which could account for the use of intermediate inputs by the firms, LP
suggests the use of materials or electricity costs.
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inputs demand function can be inverted, so that w;; results to be function of m;; and ky,
wjr = wi(Kjp, mjp).

Accordingly, the term accounting for the unobservable productivity, w;, will be now
expressed in terms of observed inputs, @ = Vit — Brkit — Bilit — PmMit, Where m;, is the (log
of) TFP. Productivity in levels can be obtained as the exponential of @, i.e. Q;; = exp(Bjp)-

In this paper we estimated firm-level TFP by using balance sheet data coming from the
Bureau van Dijk Amadeus database. In particular, we collected data for food firms of two
different countries that share similar characteristics in the food sector, Italy and France. The
database contains balance sheet data for more than 36,000 food firms over the 2004-2012
period, classified at the NACE 4-digit industry level. In order to estimate a revenue-TFP with
the LP method, we used the following variables: operating revenue (turnover) as output
variable, labor cost, fixed assets and materials costs as input variables.® Before
implementing the LP method separately for each of the two considered countries, an
extensively data cleaning has been necessary. At this purpose, we first considered only
those firms for which we have data for at least three consecutive years. Second, we drop
firms reporting negative values for any of the considered variables in the TFP estimation.
Third, considering the same variables, in order to get rid of outliers, we drop firms with values
falling below the 1st percentile and above the 99th percentile. With the same purpose, we
computed the growth rates of each variable and dropped all firms reporting growth rates
smaller than the 1st or greater than the 99th percentile of the relevant distribution. After these
cleaning procedures, the final database contains balance sheet data for 25,315 firms, 6,692
Italians and 18,623 French.

Table 1 reports some descriptive statistics of the variables used in the Cobb-Douglas
production function and the estimated TFP with the LP procedure. Firm-level TFP has been
estimated separately for the sample of Italian and French Food firms, and for each of the 10
NACE rev. 2 3-digit industries. As it emerges from the results in Table 1, Italian food firms
show, on average, higher TFP with respect to the French ones. A potential explanation of
this result may stem from the relatively higher representativeness of small firms (in terms of
number of employees) in the French sample with respect to the Italian one. As a results,
since it is well known that small firms are characterized by lower TFP than bigger ones, the
average value of the French firms’ TFP results to be lower than the Italian one.

Concerning the other variables presented in Table 1, the Italian food firms show an average
higher value for all the variables considered (i.e. output, capital and material costs) with the
exception of the labor cost, which is higher in the French sample.

® All the variables used in the TFP estimation have been deflated using national 2-digit industry
deflators. Firms operating revenues have been deflated using the GDP price index from EUROSTAT,
while for labor costs use was made of a labor cost deflator taken from the European Central Bank. For
the intermediate inputs we used the intermediate input deflators from OECD and, finally, firms’ capital
stock has been deflated using the gross fixed capital formation deflator from EUROSTAT.
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Table 1 Descriptive Statistics Relative to TFP

All Italy France

Obs Mean  Std. Dev. Obs Mean Std. Dev. Obs Mean Std. Dev.

(In) TFP 129,454  3.26 0.91 36,050 4.23 089 93,404 288 0.58
(In) Output 129,454  6.73 141 36,050  7.58 119 93,404 6.40 1.35
(I L 129,454  5.34 1.14 36,050 5.26 106 93,404 538 1.17

(In K 129,454  5.32 151 36,050  6.12 143 93,404 5.02 1.43
(In) Materials 129,454  5.81 1.69 36,050  6.99 137 93404 535 1.57

Notes: TFP has been estimated separately for the Italian and French sample using the Levinsohn and
Petrin (2003) method. The estimated coefficients of the Cobb-Douglas production function for the
Italian sample are: 0.353 for Labor, 0.062 for Capital and 0.523 for Material costs (return to scale
0.94). The estimated coefficients for the French sample are: 0.389 for Labor, 0.069 for Capital and
0.549 for Material costs (return to scale 1). All the coefficients in the two samples are precisely
estimated and significant at the 1% level.

Source:own calculations

2.2 Estimating horizontal and vertical imports penetration

We construct the horizontal and vertical import penetration for the period 2003-2011 for each
of the 33 food products reported in the manufacturing sector, using the NACE Rev.2 4-digit
level classification. The trade data are collected from Comext (Eurostat) according to the
Combined Nomenclature (CN) 8-digit classification and distinguishing among five different
groups of origin/destination countries.* The production data come from the Prodcom
database made by Eurostat, following the Prodcom 8-digit classification, and from the FAO
data for all the agricultural productions not included into the Prodcom database, but strongly
relevant for the analysis of food industry sectors.”® Trade data and production data are both
converted and aggregated at NACE 4-digit industry level using the correspondence tables.

The horizontal import penetration for each industry z in year t has been calculated as follows:

; g
mp,,

L8 _
(1) h_lmpZt - prodzt+imp§t—exp§t

where impft (expft) are the imports (exports) from (to) the country group g (World or a
specific country groups) in industry z at time t, and prod,; is the production value of industry z
in year t.

The vertical import penetration is a measure of the foreign presence in the industry z that is
being supplied by sector j. Its calculation requires a more elaborated procedure and,
following Acemoglu et al. (2014) and Altomonte, Barattieri and Ruggi (2014), the Backward

* The country groups are defined as follows: EU15 refers to the 14 European countries, with Belgium and
Luxembourg reported as a single country; EMG considers 21 emerging countries, following the MSCI
classification; NMS includes the 12 new Member States of the EU; OECD, considers 13 OECD countries not
included in previous groups; Other Countries includes the remaining countries, mainly developing ones.

° Specifically, we include ten agricultural sectors, from NACE code 0111 to 0311.
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or vertical import penetration of industry z is defined as the weighted average of the import
penetration of its inputs, according to the formula:

(2) V_impft = Yiez djzh_impﬁ*

where dj, is the weight of inputs used by industry z from industry j (d;,= usej, / Xje , usej;) on
the total inputs utilized by industry z, while h_impjgt* is the import penetration of all inputs
coming from industry j whose goods are used as inputs in the production processes of
industry z. Thus, to calculate import penetration of intermediate inputs, starting from the
databases previously described, we measure production and trade considering only those
products that, at CN 8-digit and Prodcom 8-digit level, are classified as “intermediate” goods
according to Broad Economic — SNA Categories (BEC).°

Finally, to construct the input-output weight (d;,), namely the share of input from industry j in
the production of industry z, we use the 2007 US Input-Output tables provided by the Bureau
of Economic Analysis.” These Input-Output accounts show how industries interact with each
other at a highly disaggregated level, namely six-digit 1-O industry codes, and provide
detailed information on the flows of goods and services that comprise the production process
of industries. To construct the (dj,) weight, we employ the “Use table”, which reports the
value of inputs of commodity j used in the production of industry z.2 Converted into the NACE
classification, the final number of intermediate inputs involved in the 33 food NACE 4-digit
industries, is equal to 94. Most of the inputs come from agricultural and food sectors,
representing on average 70% of the inputs used in the food industry, with an almost equal
partition in between them, but with strong differences among industries. For each of these 94
inputs we calculate, yearly, the horizontal import penetration h_imp;gt*, including only those
goods that are classified as ‘intermediate goods’ by the BEC classification.

Table 2 and Table 3 present simple descriptive statistics of horizontal and vertical import
penetration, obtained distinguishing among trade partner groups and industry 3-digit
aggregations, respectively. During the observed period, the average measure of vertical
import penetration was around 0.5 for both Italy and France. However, for Italian food firms
the vertical dependency from abroad, other than increasing over time, is significantly higher
than the horizontal import penetration. By contrast, for France the vertical index is decreasing
across the observed period, and only slightly higher than the horizontal one. As discussed in
the introduction, these patterns in vertical import penetration between Italy and France are
especially due to differences in agricultural comparative advantage.

® The BEC categories set out the distinctions of primary and processed goods, of capital, intermediate and
consumption goods, and of durable, semidurable and non-durable consumer goods. The SNA (System of
National Account) categories distinguish between intermediate, consumption and capital goods.

" The Bureau of Economic Analysis reports 10 tables with 389 BEA industry codes, of which 237 are in
manufacturing and 13 in agriculture. Detailed data used to estimates the Industry Economic Accounts of the BEA
come from 2007 Economic Census and are consequently available only for year 2007. BEA codes are connected
with the North American Industry Classification System (NAICS) code structure, then converted to NACE codes.

® The “Use Table” shows the use of commodities by intermediate and final users. For example, for the bakery
products industry, the table shows the amount (in dollars) of flour, eggs, yeast, and other inputs that are
necessary to produce baked goods and the secondary products of the industry, such as flour mixes and frozen
food. (data available at the website http://www.bea.gov/industry/io_annual.htm)
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Table 2 Horizontal and Vertical Import Penetration by Trade Partners

Horizontal Import Penetration

Italy France

Avg Avg

Standard Annual Standard Annual

Country groups Mean Dev. Growth Mean Dev. Growth
World 0.324 0.278 0.30% 0.427 0.326 0.84%
EU 15 0.271 0.278 -0.47% 0.349 0.294 0.05%
Emerging Countries 0.085 0.295 4.62% 0.042 0.113 5.18%
OECD 0.032 0.181 -4.59% 0.024  0.049 3.61%
NMS 0.026 0.143  18.83% 0.009 0.026 22.28%
Other Countries 0.026 0.143 -1.03% 0.009 0.026 -2.41%

Vertical Import Penetration

Italy France

Avg Avg

Standard Annual Standard Annual

Country groups Mean Dev. Growth Mean Dev. Growth
World 0.540 0.260 1.88% 0.487 0.229 -1.37%
EU 15 0.425 0.239 1.43% 0.371  0.180 1.56%
Emerging Countries 0.229 0.209 5.75% 0.163  0.153 1.46%
OECD 0.165 0.168 -4.15% 0.322 0.320 0.62%
NMS 0.190 0.182 10.97% 0.115 0.211 3.55%
Other Countries 0.100 0.177 -13.73% 0.048 0.096 -24.66%

Notes: own calculations.

Among commercial partners, European Union countries represent the most important source
of food industry inputs, generally followed by Emerging and OECD countries, although the
largest positive changes in the vertical penetration ratio are always observed for the new
Member States of the European Union. By contrast, the two import penetration indices, when
measured with respect to the developing countries, are on average decreasing over time.

Food sectors considerably vary in terms of their average import competition (see Table 3). It
is worth noting that four out of eleven 3-digit sectors register, in both Italian and French
markets, an horizontal import penetration over the mean (fish, fruit and vegetable, oils and
tobacco), and that some sectors show a relevant increase in import competition, in particular
oils, dairy, mill and bakery products. Moving to vertical import penetration, the changes are
less pronounced, but the average value of the index is generally higher than the horizontal
one. In Italy, where only fish and tobacco sectors have a vertical index that is lower than the
horizontal one, the measure ranges from a maximum of 1 (meat), to a minimum of 0.1
(tobacco) and increases in most of the analyzed sectors, and in manufacture of beverage in
particular. Quite different is the French situation, where almost all sectors registered a
decrease in the vertical import penetration. The only exceptions are meat, fish and animal
feed products, which show a weak increase in the observed period.
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Table 3 Horizontal and Vertical Import Penetration by NACE 3-digit Sectors

Horizontal Import Penetration Italy France
Avg Avg
Standard ~ Annual Standard  Annual
NACE Description Mean Dev. Growth Mean Dev. Growth

10.1  Processing and preserving of meat and ~ 0.168 0.171 1.37%  0.238 0.152  -1.22%
production of meat products

10.2  Processing and preserving of fish, 0.837 0.078  -2.50%  0.727 0.060 -1.84%
crustaceans and molluscs

10.3  Processing and preserving of fruit and ~ 0.409 0.142  -3.68%  0.857 0.359  0.87%

vegetables
10.4  Manufacture of vegetable and animal 0.499 0.210 3.16%  0.769 0214 137%
oils and fats
10.5  Manufacture of dairy products 0.166 0.080 4.44%  0.184 0.051  2.63%
10.6  Manufacture of grain mill products, 0.257 0.169 8.92%  0.393 0.062  3.84%

starches and starch products
10.7  Manufacture of bakery and farmaceous 0.055 0.046 5.99%  0.224 0.141  5.94%

products

10.8  Manufacture of other food products 0.266 0.185 5.71%  0.421 0282 -2.63%
10.9  Manufacture of prepared animal feeds ~ 0.187 0.220  -3.50%  0.087 0.089  3.54%
11.0  Manufacture of beverages 0.305 0354 -241%  0.290 0.241 1.96%
12.0  Manufacture of tobacco products 0.960 0.006 0.53%  0.988 0.156 4.61%

Vertical Import Penetration [taly France
Avg Avg
Standard ~ Annual Standard  Annual
NACE Description Mean Dev.  Growth Mean Dev.  Growth

10.1  Processing and preserving of meat and ~ 1.017 0.209 227%  0.168 0.061  0.65%
production of meat products

10.2  Processing and preserving of fish, 0.191 0.012  -1.00%  0.055 0.002  1.56%
crustaceans and molluscs

10.3  Processing and preserving of fruit and ~ 0.448 0.135  -0.18%  0.623 0.188  -2.22%

vegetables
10.4  Manufacture of vegetable and animal 0.911 0.026 0.65%  0.337 0.024 -1.14%
oils and fats
10.5  Manufacture of dairy products 0.735 0.013  -0.87%  0.159 0.014  -9.25%
10.6  Manufacture of gram mill products, 0.487 0.049 2.79%  0.566 0.064 -0.47%

starches and starch products
10.7  Manufacture of bakery and farmaceous 0.463 0.071 2.80%  0.638 0.104 -2.43%

products
10.8  Manufacture of other food products 0.447 0.169 2.76%  0.450 0.144  -1.40%
10.9  Manufacture of prepared animal feeds  0.666 0.147 0.45%  0.551 0.131 0.41%
11.0  Manufacture of beverages 0.364 0.136 4.06%  0.645 0.162  -0.34%
12.0  Manufacture of tobacco products 0.101 0.010 -1.79%  0.804 0.127  -0.68%

Notes: figures based on data described in the text.
Source: own calculations
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2.3 Identification strategy and expectations

With the import penetrations and firm-level total factor productivity measures in hand, we can
now move to the econometric model used to test the baseline relationship. We use the
following empirical specification to relate horizontal and vertical import penetration to
productivity (see Altomonte, Barattieri and Ruggi 2014):

®3) Vie = Bo + By logh_impS,_, + B, logv_impS,_, + o; + 0, + &1,

where y;; is the log of TFP of the firm i in year t and is regressed on the NACE 4-digit sectors
lagged logs of horizontal and vertical import penetration, related to the geographic origins g.
Moreover, o; and 6, are firm and time fixed effects, respectively, and ¢;,, is an iid error term.

By including firm (and time) fixed effects, equation (3) identifies the impact of the import
penetration variables by exploiting the within firm variation in productivity, hence controlling
for time invariant observed and unobserved firms heterogeneity. Moreover, note that the
import penetration variables enter the equation lagged one year, because we are assuming
that a firm needs some time to adapt to the new situation, and to reduce the potential bias
induced by a spurious correlation due to shocks simultaneously affecting imports and
productivity. Apart from this, it is important to note that, by working at firm level, equation (3)
suffers significantly less from the traditional reverse causality bias that impinges on industry
level regressions (see Olper, Pacca and Curzi, 2014).

However, a critical issue of our identification strategy is the endogeneity concern due to
measurement errors induced by the use of the US I-O tables to measure vertical import
penetration for French and Italian food industry. As discussed in Ciccone and Papaioannou
(2010), the properties of OLS estimates when the industry measure from one country (e.g. |-
O from US) is an imperfect proxy for the other countries, have two main sources of bias. One
is a standard attenuation bias, according to which if there exists a random measurement
error associated with the industry measure, then the estimated coefficient will be biased
downward. A second bias can arise when the measure used is systematically a better proxy
for certain countries, than others. They refer to this as an amplification bias. However, note
that in our specific situation this amplification bias should be nearly irrelevant, because the
Italian and French food industries technology tend to be very close with each other. For this
reason the attenuation bias overwhelms the measurement errors problem, making our
estimation of the vertical import penetration effect, if anything, bias downward. Hence, if this
will be the case, then the productivity growth effect of vertical import penetration should be
considered as a lower bound effect or, put differently, we are on the safe side.

Next, our expectation from the estimation of equation (3) is that f; > 0 and 3, > 0, meaning
that an increase in both horizontal and vertical import penetrations, should translate into an
increase in firm-level TFP, ceteris paribus. Moreover, we also should expect that (3, > 4,
and thus that the effect of vertical import penetration on firms’ TFP should be higher than
horizontal import penetration. The reasons behind this expectation, as recently clarified by
the contribution of De Loeckner and Goldberg (2012), stem by two important considerations.
Firstly, the TFP measure includes both information on firms “productivity” and “profitability”.
In particular, the latter is strictly related to firms’ prices and markup, as well as costs.
Secondly, horizontal and vertical import penetrations have a different impact on both firms’
marginal costs and markup. It is worth noting that horizontal import penetration involves
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product for the final consumption (output), while vertical import penetration involves
intermediate goods (input). On the one hand, higher horizontal import penetration leads
domestic firms to face a tougher competition. This implies that, assuming constant marginal
costs, an increase in horizontal import penetration leads domestic firms to lower their
production and prices, and thus to reduce their markup. On the other hand, higher vertical
import penetration will not affect the competitive environment faced by domestic firms, and at
the same time it leads to a reduction in firms’ marginal costs, and thus allowing firms having
a higher markup. Since the TFP productivity measure also captures some aspects related to
profitability, this is the reason why we expect that vertical import penetration has a higher
impact on firms’ TFP than horizontal import penetration.

3 Results

Table 4 reports the baseline results of the analysis performed by regressing the log of firm-
level total factors productivity on our two indicators of horizontal and vertical import
penetration, plus a full set of firm and time fixed effects.® In these regressions, we pooled
together both French and Italian food firms, thus assuming that they are similarly affected by
import penetration indices. Later, we will relax this assumption.

In column 1 the import penetration ratios refer to the World. The one year lagged horizontal
import penetration positively affects productivity. However, although the coefficient is
estimated with high precision (p-value < 0.01), the magnitude of the economic effect is quite
small. Indeed, quantitatively, a 10% increase in import penetration will induce a TFP growth
of only 0.07%, all other things being equal.*®

Moving to the effect of vertical import penetration, its estimated coefficient also displays a
statistically significant positive sign (p-value < 0.01). Thus, consistent with previous evidence,
an increase in imports in the upstream intermediate inputs contributes to firm level
productivity growth. However, and interestingly, the economic effect of vertical import
penetration is of one order of magnitude higher than the one of horizontal import penetration.
A 10% increase in upstream integration would result in a 2.1% increase in productivity,
ceteris paribus. This is a large economic effect and its order of magnitude is similar to
previous findings (see, e.g., Amiti and Konings, 2007). Thus, the results show that the
productivity gains from increasing integration in upstream sectors are much higher than
those from increasing integration in output, a finding that is consistent with the mechanism
highlighted by De Loeckner and Goldberg (2012), according to which an increase in vertical
inputs penetration tend to translate to an increase of firms' markup.

The subsequent columns of Table 4 display the results obtained by considering import
penetration indices measured for different trading partners. First, considering import
penetration coming from the EU15 countries (Column 2), once again more integration in both
output and upstream sectors induced by the single market positively contributed to

° The Hausman test systematically identified fixed effect estimator as preferable to the alternative
random effects estimator. Note, similar results are obtained using dynamic first-difference GMM
estimator, treating import penetration variables as endogenous.

10 Interesting, running a specification that include only horizontal import penetration, the estimated
coefficient doubles in magnitude, suggesting that omitting vertical import penetration from the model
induces an omitted variable bias.
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productivity gains. Here the main differences with respect to previous results are that the
estimated effect of horizontal import penetration coming from the EU15 countries, as
expected, is higher in magnitude, while the one of vertical import penetration is lower, but still
about five times greater than the previous one. Very similar results are obtained when
considering import penetration indices from Emerging countries (see column 3), but not from
OECD (column 4). In the last case, horizontal import penetration significantly contributed to
productivity growth, while the effect of vertical import penetration is negative, although the
magnitude of the estimated coefficient, equal to —0.007, is close to zero.

In Column 5 the import penetration indices are evaluated considering the EU new member
states as partners. Both horizontal and vertical import penetration display a significant
negative productivity growth effect. This result, especially considering vertical import
penetration, is somewhat unexpected because one can argue that, for both French and
Italian food firms, sourcing intermediate inputs from NMS could represent a way for reducing
production costs.™* We will come back later to the interpretation of this result. Finally,
considering import penetration from the residual “Other countries” group, mainly represented
by developing countries, both indices have their expected positive effect on productivity
growth (see column 6).

Table 4 Import Penetration and Productivity: Baseline Regression Results

eY) ®)] 3) €] 3) 6)
Dependent variable: log of TFP Emerei Oth
pendent vaniable: g o Workd EU 15 TeTEng OECD NMS -
Countries Countries
Log Horizontal IP (t-1) 0.0073%%%  0.0233%%%  0.0142%%  0.0238%%% -0.0075%%%  (.0131%%*

(0.0027) (0.0028) (0.0026) (0.0030) (0.0015) (0.0011)

Log Vertical IP (t-1) 0213%%%  (.104%%%  0.112%%*%  -0.0073%**  -0.0096%**  (0.0165%%*
(0.0088) (0.0068) (0.0091) (0.0034) (0.0016) (0.0015)

FimFE Yes Yes Yes Yes Yes Yes

Time FE Yes Yes Yes Yes Yes Yes
Observations 129454 131025 131011 131014 131021 131000
R-square 0.922 0.921 0.921 0.921 0.921 0.921
Notes: Robust standard errors clustered at firm level under the coefficients; * p<0.1, ** p<0.05, ***
p<0.01.

Source: own calculations

! However, note that, if we consider the theory of effective protection (Corden 1971), the integration of
NMS in 2004 due to a reduction of inputs tariffs, ceteris paribus, increased the effective protection,
and by reducing import competition could lead to lower productivity.
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In Table 5, the effect of horizontal and vertical import penetration is analyzed considering
separated coefficients for French and Italian firms, so as to study in detail whether the
patterns discussed above change for the two countries. Generally speaking, the overall
pattern is quite similar, namely both indices tend to positively affect productivity, and import
penetration in upstream sectors systematically exerts a stronger effect on both Italian and
French food firms. However, some interesting differences emerge, which are worth noting.

Table 5 Import Penetration and Productivity: Results Split by French and Italian Firms

_ @ (2 ©)) 4) ®) ©)
Dependent variable: log of TFP World EU 15 Emergm OECD NMS Othe_r
Countries Countries
Log Horizontal IP (t-1) FR 0.0088***  0.0223*** 0.0017 0.0474***  -0.0184***  (0.0113***
(0.0026) (0.0029) (0.0028) (0.0033) (0.0016) (0.0013)
Log Horizontal IP (t-1) IT 0.0048 0.0213 0.0303*** -0.0061 0.0214***  0.0143***
(0.0147) (0.0149) (0.0049) (0.0054) (0.0030) (0.0020)
Log Vertical IP (t-1) FR 0.234*** 0.0934*** 0.0170 -0.0098**  -0.0137***  (0.0387***
(0.0107) (0.0079) (0.0110) (0.0044) (0.0017) (0.0018)
Log Vertical IP (t-1) IT 0.175*** 0.128*** 0.216*** -0.0058 0.0792***  -0.0104***
(0.0209) (0.0147) (0.0161) (0.0047) (0.0071) (0.0024)
Firm FE Yes Yes Yes Yes Yes Yes
Time FE Yes Yes Yes Yes Yes Yes
Observations 129454 131025 131011 131014 131021 131000
R-squared 0.922 0.921 0.921 0.921 0.921 0.921

Notes: Robust standard errors clustered at firm level under the coefficients <0.01
Source: own calculations based on data described in the text

First, considering horizontal import penetration, the overall productivity growth effect is
significantly positive for French firms, but not for the Italian ones, whose estimated coefficient
is still positive but insignificant at conventional level. The productivity growth of French firms
appears to be largely driven by horizontal competition coming from the EU15 and, especially,
OECD countries. By contrast, Italian firms are affected especially by competition coming from
emerging and NMS countries.

Second, moving to vertical import penetration, the productivity growth for French firms is,
once again, largely and positively driven by intermediates inputs coming from the EU15
countries, but it is negatively affected by inputs coming from both the OECD and NMS
countries, although the magnitude of these effects is very low. Considering Italian firms, they
are considerably affected, besides the imports coming from EU15, by imports in intermediate
inputs coming from emerging and NMS countries.

While with the data in hand it is difficult to understand the reasons at the root of these
findings, factors related to differences in agricultural comparative advantage between the two
countries could be at work here. Consider, for example, the opposite pattern of import
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competition coming from NMS countries. NMS vertical import penetration is significantly
positive for Italian food firms, but significantly negative, although lower in magnitude, for
French firms. How can we interpret these differences? One way is to look at the patterns of
vertical integration indices reported in Table 2. For Italy, NMS vertical import penetration
displays an average value of 19% and a growth rate in the 2003-2011 period of about 11%
per year. By contrast, the same numbers for France are 11.5% and 3.5%. Thus, the Italian
firms bought about twice as much material inputs from NMS as French firms, on average,
and displayed a growth rate in the observed period that was three times higher. These are
big differences that can be at the root of the contrasting evidence related to the impact of
vertical integration from NMS.*2

Finally, in Table 6 we ask to the data an important question: is the impact of horizontal and
vertical import penetration conditional to the (initial) level of firms’ productivity? Indeed,
standard firm heterogeneity trade models predict that an increase in horizontal import
competition should induce a market share reallocation from low- to high-productivity firms
(see Melitz, 2003; Melitz and Ottaviano, 2008). A similar prediction, although based on a
different mechanism, has been recently highlighted by Chevassus-Lozza, Gaigné and Le
Mener (2014) for trade liberalization in upstream sectors. These authors indeed showed that
the output price elasticity of downstream firms, with respect to a change in input tariffs,
increases with firms’ productivity.

To test these predictions we run our baseline regression by interacting both horizontal and
vertical integration indices with four dummies that identify the different quartiles of the TFP
distribution, using the TFP sample distribution of the initial year to attenuate possible
endogeneity bias.'® The results are interesting and, for both import penetration indices, the
magnitude of the TFP growth tends to be significantly higher for firms with higher initial level
of productivity, ceteris paribus (see Table 6)."* When considering horizontal import
penetration, the estimated effect for the lower quartile is negative, although insignificant, and
it progressively increases as we move to the higher quartiles of TFP distribution. This pattern
proves to be consistent with the prediction of Melitz-type firm heterogeneity models. The only
unexpected result is the one related to the upper quartile, where the estimated TFP growth
effect induced by horizontal import competition is not significantly different from the previous
third quartile. Different reasons can justify this finding. For example, one can argue that more
efficient firms, being often multinationals in nature, use a different strategy and, thus, they
can be less affected by the increasing competitive environment (Colantone, Coucke and
Sleuwaegen, 2014).

> Note also that these differences are largely attributable to what happens in the

processing/preserving meat (NACE 10.3) and manufacture of dairy (NACE 10.5) industries. Indeed, in
these two important food sectors, vertical import penetration for Italy is, respectively, 100% and 73%,
and for French is only 16.8% and 15.9% (see table 2).

¥ Because our panel is unbalanced, by using the initial year to identify the quartiles of the TFP
distribution we lost about 25% of the observations.

“ We conducted a battery of F tests for testing whether the estimated coefficients of horizontal and
vertical import penetration reported in Table 6 are significantly different across the quartiles. These F
test rejects the equality of the coefficients in all cases, but the one between the third and upper
quartiles of horizontal import penetration. The outcomes of the test are available upon request.
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Table 6 Import Penetration and Productivity: Results Split by Initial Level of TFP

Dependent variable: Log of TFP Horizontal Vertical

Log IP (t-1) first quartile of TFP -0.0012 0.128***
(0.0030) (0.0142)

Log IP (t-1) second quartile of TFP 0.0133*** 0.163***
(0.0043) (0.0127)

Log IP (t-1) third quartile of TFP 0.0196*** 0.227***
(0.0062) (0.0128)

Log IP (t-1) fourth quartile of TFP 0.0209** 0.325%**
(0.0097) (0.0190)

FirmFE Yes

Time FE Yes

Observations 98221

R-squared 0.918

Notes: Robust standard errors clustered at firm level under the coefficients; * p<0.1, ** p<0.05, ***
p<0.01.

Source: own calculations

Interestingly, the effect is even starker for vertical import penetration, where the estimated
coefficients tend to grow progressively as we move from the lower to the upper quartiles of
the TFP distribution. Here, the most efficient firms show a TFP growth effect induced by an
increase in imported intermediate inputs that is 2.5 times stronger than the least efficient
firms. However, it is important to stress that also less productive firms significantly benefit
from trade liberalization in intermediate inputs. Taken together, these findings appear
interesting. Firstly because they confirm that importer firms, which are concentrated in the
upper tail of the distribution (see Bernard, Redding and Schott, 2012), gain proportionally
more from trade liberalization in upstream sectors, a result fully consistent with the
predictions of Chevassus-Lozza, Gaigné and Le Mener (2014). Secondly, and perhaps more
interestingly, these effects are also sizeable for the less efficient firms of the sample,
suggesting that the benefits of more competitive upstream sectors spread also to firms that
do not import directly.

4 Discussion and conclusions

Our results strongly support the idea that an increase in a firm’s exposure to international
trade translates into that firm’s productivity growth. This view has been emerging from the
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new theoretical models of international trade allowing for firm heterogeneity (e.g. Melitz,
2003; Bernard et al., 2003), and has been supported by a number of empirical studies, which
have found that trade liberalization in intermediate inputs significantly contributes to firm
productivity growth, particularly in developing countries (Amiti and Konings 2007; Halpern,
Koren and Szeidl, 2011; Kasahara and Rodrigue 2008; Topalova and Khandelwal 2011;
Goldberg et al. 2010).

This article, by exploiting the US Input-Output tables to measure a consistent index of vertical
import penetration for French and Italian food sectors, contributes to the existing literature by
showing that the productivity growth effect of upstream trade liberalization holds true for the
food industry, and significantly overcomes a similar effect induced by horizontal import
competition. In particular, we find that trade liberalization in intermediate inputs induces a
productivity growth effect that is ten times stronger than import competition coming from the
same industry, and that this effect is largely attributable to imported material inputs coming
from emerging and EU15 countries. Furthermore, and consistently with theory, we also
showed that the magnitude of the economic effect is increasing with the initial level of firm’s
productivity.

These findings have important implications for the EU trade policy. In fact, if the objective of
European institutions is to spur productivity growth in the food industry, further trade
liberalization, in particular in the upstream (agricultural) sector, would be a potential valuable
strategy. In addition, our analysis shows that not all imports affect all firms to the same
extent. This provides useful elements for tailoring public policies to the real needs of
heterogeneous firms, in such a way that the adjustment to globalization can be
accommodated efficiently.

Yet, in evaluating these policy implications some caveats are necessary. This is because this
article focused exclusively on the positive side effects of trade liberalization, disregarding the
adjustment costs related to the possible (un-)employment effects. Indeed, the asymmetric
growth effect of trade liberalization on firms of different size and productivity calls for a
careful investigation of the unemployment effects of trade liberalization. This could be done,
for example, along the line of the recent literature that focused on the US labor markets (see
Autor, Dorn and Hanson, 2013; Acemoglu et al. 2014).

Furthermore, although this article found robust and sizeable economic effects of upstream
trade liberalization on firm productivity, it does not say anything about the underlying
channels, an important piece of evidence needed to get to sound evidence-based policy
recommendations. Thus, further efforts should deserve particular attention to understand
whether the impact of intermediate imports in the EU food industry works through better
complementarities of imported inputs, lower input prices, or access to higher quality of inputs.
Extending the analysis in these important directions will surely contribute to better
understand the overall impact of globalization on the food industry.
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