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The most exciting phrase to hear in science,  
the one that heralds new discoveries,  

is not 'Eureka!' , but "That's funny..."  
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Introduction

Heterogeneous Firms and the Third Wave of Economic Integration

If it is true that in recent decades we have been observing a new wave of economic integration

for which national economies are more and more intertwined to each other, it is also true

that the responses of economic agents, and in particular �rms, to such a fast and seemingly

irreversible process have been di¤erent without a precedent as a reference to look at. This is

essentially the message of this thesis that provides empirical evidence on three di¤erent aspects

of the internationalization of �rms: exporting activity, import of foreign intermediate goods

employed in the production process and the creation of complex production chains crossing

national borders.

As a matter of fact, economic history has seen at least three waves of economic integration,

this last a term that I prefer to the in�ated �globalization�since it neutralizes the considerations

on political integration that are much less clear in a world that, from this point of view, at times

shows to be more integrated and at times to be more fragmentated than in the past, depending

on which level of analysis one adopts.

From an economic point of view, after the �rst wave at the beginning of the last century

and the second in the aftermath of the second world con�ict, the actual wave of economic

integration, that can be dated since the 70s, has shown two novel features that make it peculiar

(Hanson, Mataloni and Slaugher, 2003). The �rst peculiarity is an increased international trade

in intermediate goods between �rms located in di¤erent countries with respect to the classical

trade in �nal goods, which are sold by �rms to consumers around the world. The second

peculiarity is the relative importance reached by �ows of foreign direct investment in the latest

decades, with investors locating economic activities around the world, beyond national borders,

in order to exploit the competitive advantages that a particular geographical area can o¤er them.

As Feenstra (1998) showed, in the early twentieth century inputs were only a minor part of trade

and it is only with the decreasing trade costs and the adoption of information technology that

the establishment of production chains, or as Krugman called them the �slicing up of the value

chain�, has been possible. Indeed, Hummels, Ishii and Yi (2001) calculated that only from 1970

to 1990 a third of export growth is attributable to trade in intermediates and recent estimates

point out that in absolute value it accounts for a share between 56% and 73% of the actual

trade �ows in OECD countries as in Mirodou, Lanz and Ragoussis (2009). On the other hand,

multinationals are now responsible for a large fraction of world trade and in the United States

for example they account for over half of total exports (Slaughter, 2000), hence the study of their

alternative modes of organization of production is of increasingly importance (see among others

Helpman, 2008). From an even broader perspective, we could maybe say that tha actual wave

of economic integration is characterized by an increasing movement of factors of production,

since if from the 70s intermediate inputs and capital have quantitatively risen, in the last decade
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also labor through migration, historically considered the least displaceable, has followed rapidly

(UN, 2004)

The theoretical framework underlying the empirical analysis of this thesis is the one provided

by New New Trade theory for which only some �rms within industries are able to internationalize

their production either by exporting or by making FDI, because only the more productive among

them are able to sustain the sunk costs entailed by the entry in a foreign market (see among

others Bernard et al., 2003).

Indeed, the neoclassical hypothesis of a representative agent in a dynamic economic envi-

ronment had been already demonstrated to be inadequate as a paradigm by Lancaster (1971),

Quandt (1970) and Domencich and McFadden (1975). However it was only after the growing

availability of individual speci�c micro-data in the recent decades that economists were able

to develop new tools in order to capture the sources of manifest di¤erences among apparently

similar economic agents. These studies have shown the importance of sources of unobserved

heterogeneity within aggregated data, especially once interpreting the empirical evidence. In

particular, once switching from a macro- to a micro-level analysis we can detect the existence of

both an aggregation problem and a heterogeneity problem, which are empirical issues than can

bias the interpretation of economic behavior from empirical results.

Looking in particular at the activity of �rms,on one hand we would have the heterogeneity

of production units within a sector of economic activity, or even

within an entire economy, that are due to persistent di¤erences across �rms and over time

that cannot be ignored. This entails that aggregate analyses or analyses based on the average

rapresentative �rm might be biased because of systematic unobserved characteristics of indi-

vidual units, since for example size, productivity and, related to the latter, the international

exposure of �rms are very di¤erent among �rms belonging to the same industry. On the other

hand, the aggregation of di¤erent �rms within a sector risks to cancel out many movements that

might go in di¤erent directions (Fisher, 1969), summing together positive and negative responses

and obtaining an average behavior that can be far from reality. With this respect, aggregate

measures confronted over time or across industries tend to report a smoother behaviour, while

the actual behaviour of individual agents would show �holes, kinks and corners� as Pudney

(1989) had pointed out.

At the same time any study exploiting microdata have to manage with two additional empir-

ical problems that are usually skipped when confronting aggregated data (Heckman, 2000). The

�rst one is the attrition bias, i.e. the di¢ culty to follow the �rms (or any other unit of observa-

tion) included in the sample for every year of interest; the second problem is known as a selection

bias, and is due to the fact that some �rms with some common systematic characteristics might

be left out of the analysis.

It is only in the last decade, however, that international trade literature has tried to solve all

previous empirical issues to better understand the internationalization of �rms and what they

mean when one wants to derive the costs and benetis of trade or industrial policies in an ever
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changing economic environment as it is the one we have faced in the latest years1.

What I learnt as a broad message from this work, hence the title of it, is that not only �rms

have heterogeneous characteristics that make them di¤erent when coping with internationaliza-

tion, but also that they can have heterogeneous responses or, better, di¤erentiated strategies

to outlive in this age of fast economic integration. These di¤erentiated strategies, I think, are

worth to be studied to anticipate the economic issues of the next future, i.e. the way national

economies and their production systems adapt to the international economic integration that

will undoubtedly continue for years to come.

In the �rst chapter of this thesis I analyze how comparative advantages of an economy and

gains from trade can be a¤ected by di¤erentiated dynamics of restructuring within industries,

empirically testing a model (Bernard, Redding and Schott, 2007) that reconciles new and old

literature. New �rms entering the market choose their own activity after knowing their relative

pro�t expectations that are determined also by their relative productivity with respect to the

incumbent �rms. A relatively higher fringe of more productive �rms can make the di¤erence

and if the sector already enjoys a comparative advantage, this latter can be reinforced by the

stricter selection process boosted by new entrants.

In the second chapter, looking at the relationship between trade openness proxied by import

penetration and productivity gains by �rms, it is possible to assess how relatively important is

the competition channel, for which �rms compete in a �ercer economic environment with �rms

located worldwide, and the so-called vertical channel, for which �rms are able to source interme-

diate inputs from abroad that are either cheaper than the domestic ones or are in general more

e¢ ciently used in the production process since they can also incorporate new technologies not

available at home, In other words, �rms can counter-balance the increased level of competition

due to openness to trade after sourcing cheaper or better intermediates from abroad and hence

enhancing their e¢ ciency in terms of lower costs of production or better quality of the sold

product. In the third chapter, looking at the second novelty of the ongoing integration process

described above, I analyze how the degree of complexity of a global value chain, as developed by

multinational business groups with di¤erent �rms located worldwide, can be correlated to the

productivity gains of single a¢ liated �rms belonging to the same production network. In this

case, among the bene�ts that can be sourced from a¢ liation, I test the importance of a soft-

ened �nancial constraint for a �rm that can rely on either an intangible collateral provided by

the group as a whole or on an internal capital market that overcomes imperfections of external

capital markets.

Finally, I cannot hide to the reader of this thesis that my whole analysis is somehow biased

in space and in time by the choice of European countries in all three chapters. A choice due to

my speci�c interest in European economic integration that in the last decade has gone through

major institutional changes and challenges (the adoption of a single currency, the enlargement

1For a review of the main theoretical and empirical issues about heterogeneous �rms in international trade,
see for example Redding (2010).
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to new members). But I think that it is exactly because of these last experiments of enhanced

economic integration that it is interesting to analyze this area of the world and the evidence

that it provides as a lesson for a general process of interdependence among nations that is often

considered irreversible but, in the case of Europe, has been consciously carried on in order to

ensure an extension of peace, stability, democracy and prosperity also to future generations.
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Chapter I

Productivities and Comparative Advantages
with Heterogeneous Firms: the case of France

1. Introduction

The quest for the determinants of a nation�s comparative advantages has been dominated for

almost two centuries by the assumption that �rms were homogeneous within sectors, whether it

was technological di¤erences, factor endowments or economies of scale that underlay the struc-

ture of international trade. However, since the availability of microdata has increased in recent

decades, empirical evidence has remarked the pervasiveness of heterogeneity and diversity in

economic life (Heckman, 2000) and economic theorists not only in international trade had to

move with times, centering more than in the past around the behavior of heterogeneous individ-

uals in markets and other social settings. Hence, a �ourishing literature has emerged in the last

decade trying to explain why only some �rms within industries are able to internationalize their

production (Bernard et al. 2007b; Helpman, Melitz and Yeaple, 2004; Mayer and Ottaviano,

2008) either by exporting or by making FDI, showing that only the more productive among

them are able to substain the sunk costs entailed by the entry in a foreign market (Melitz, 2003;

Bernard et al., 2003; Akerman and Forslid, 2007). In the investigation of such a self-selection

process scholars have gone so far introducing an intertemporal dimension (Costantini and Melitz,

2008), the possibility to adjust the product mix by multiproduct �rms (Eckel and Neary; 2010;

Bernard, Redding and Schott, 2010; Mayer, Melitz and Ottaviano, 2010), an endogenous level

of competition (Melitz and Ottaviano, 2008; Altomonte, Colantone and Pennings, 2010), an

extension of the notion of heterogeneous productivity from cost-e¢ ciency to quality sorting af-

ter investing in innovation (Antoniades, 2009), eventually deriving also a general equilibrium

model of macroeconomic dynamics (Ghironi and Melitz, 2005). The simplifying assumption of

a one-sector economy with heterogeneous �rms, common to all previous models, has already led

to the discovery of an additional source of gains from trade observed after the opening up of

an economy to costly trade, represented by the increase in average productivity boosted by a

reallocation process from less productive to higher productive �rms. However, it is only with the

work of Bernard, Redding and Schott (2007) that it is possible to reconcile old and new trade

theories, extending the analysis to the case of multiple factors of production and asymmetric

industries and countries. In fact, once discriminating between sectors at comparative advantage

and at comparative disadvantage, they �rst con�rm the existence of an overall increase in aggre-

gate productivity after opening up of an economy to costly trade, thereafter they also observe

that the reallocation processes are di¤erent within the two categories of sectors and consequently

also the average industrial productivities present a di¤erent dynamics.
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In a model with endowment-driven comparative advantages and �rm-level horizontal product

di¤erentiation combined with increasing returns to scale à la Helpman and Krugman (1985), the

introduction of �rm heterogeneity within and across industries allows for the emergence of dy-

namic Ricardian di¤erences in technologies, magnifying the pre-existing comparative advantage.

In case of costly trade, pro�t expectations by �rms entering into the market are higher for the

sector at comparative advantage, hence a fringe of �rms decides to operate in this latter given

a higher probability to export. The result is that on aggregate the average productivity grows

relatively more in sectors at comparative advantages because of a higher level of competition

and the possibility to smooth �xed costs on a relatively wider set of consumers, at home and

abroad.

The aim of this paper is to test for the existence of such a magni�cation e¤ect for France in

the period between 2001 and 2007, after controlling for all other determinants of trade including

factor endowments, initial di¤erences in technologies and economies of scale, eventually control-

ling also for demand e¤ects that can in�uence the self-selection process, as Syverson (2004) has

showed but also Helpman, Melitz and Yeaple (2004) have hinted. Nonetheless, di¤erent degrees

of heterogeneity are taken into account combining information provided by data at di¤erent level

of disaggregation: industry-level, product-level and �rm-level.

A test for the emergence of Ricardian dynamic di¤erences across sectors is not only important

to acknowledge an additional source of gains from trade, but it is also crucial in evaluating

the e¤ects that a trade liberalization has on overall industrial restructuring. Besides, if such

dynamic di¤erences in productivity can actually emerge, it is possible that an asymmetric trade

liberalization (or the adoption of speci�c trade policies) can alter the ranking of comparative

advantages once boosting �rm reallocation in some sectors before than others.

In Section 2 we will sketch some stylized facts for the French export performance as derived

from the literature and from our data, in Section 3 and 4 we will describe the construction of

our indicators for the distributions of comparative advantages and for the determinants of trade.

The estimation strategies are discussed in Section 5 and Section 6 concludes.

2. French export performance and product heterogeneity within indus-
tries

Even if France is the second largest importer among European nations after Germany, the

country�s foreign performance has deteriorated since 2000. If we look at Table 1, we can see

that until 1999 French export performance was even better than German one in key world areas:

EU, Asia, Japan, EU accession countries. However, in the period 2000-2006 the country was no

more able to catch opportunities in the same way that Germany did from the enlargement of the

European Union and the accession of Asian emerging economies on the international markets,

as the fourth column of Table 1 shows.

From time to time the problem of French competitiveness arises and Kabundi and De Simone

(2007; 2009) argue that traditional variables that determine international trade (the exchange
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rate, relative unit labor costs, ecc.) are insu¢ cient to explain the recent decline in France�s export

shares. As a matter of fact, French productivity growth in manufacturing is not so much di¤erent

from US (Kahn, 2006) and the real e¤ective exchange rate is in line with fundamentals (Kabundi

and De Simone, 2009), even if the adjustment tends to come from changes in employment and

productivity rather than through wage �exibility.

Our data from Figure 1 con�rm that French industrial market shares have slightly reduced

in the period from 1998-2007, whereas German ones, after a �rst drop in 2000, have held their

positions. That is, even if as Table 1 shows, exports are increasing in absolute terms, the

accession of new global players (Asian emerging economies, new EU members, etc.) on the

international scene have reduced the French trade in relative terms. But looking at aggregates

and averages is misleading, or at least it leads to an incomplete understanding, as Figures 2 and

3 display.
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Figure 2 shows the tendency of product market shares of France on total world exports

disaggregated at HS 6-digit level2, whereas Figure 3 aggregates these latter by ISIC 4-digit in-

dustrial sectors. Even if the generalized decrease of French market shares is corroborated in

both graphs by the lowess3 curve, the dispersion of shares by products is much higher than the

one by industries, with some best performers reaching even 80% of the international market and

in one case4 even the totality. Actually, what we observe is an increasing dispersion of product

sharest hrough time that seems at odds with the previous considerations on export deterioration.

Since single products are nested within broader industries whatever level of disaggregation we

pick, and also �rms can manufacture more than one product choosing within a product mix,

it is more useful to look at export performance by product rather than by industry. Indeed,

it is at this level of disaggregation that creative destruction occurs: new products build on the

experience of older ones and they gain market shares at their expenses according to Grossman

and Helpman (1985), because products evolve in scale of qualities. New products are higher

substitutes of older ones and are more di¢ cult to substitute across sectors. As Tables 2 and 3

show, within the same industry we can �nd products that are gaining ground and others that

are losing appeal by consumers, but when we look at averages by sector we risk to draw conclu-

sions on representative products that probably don�t exist, whereas looking at the evolution of

comparative advantages by products would allow us to capture the repositioning of �rms and

industries towards more innovative productions.

At the same time, however, some data on the determinants of trade such as factor

proportions, economies of scale or productivity are available only at a more aggregated level and

it implies that in our empirical analysis we have to cope with both an aggregation problem and

a heterogeneity problem. On one hand, this latter is due to persistent di¤erences across units

of observations and over time because of some unobserved endogenous characteristics. On the

other hand the aggregation of products and �rms within sectors risks to cancel out movements in

opposite directions. The exploitation of ad hoc econometric tools in Section 5 will be necessary

to take into account both these problems.

3. Relative di¤erences of comparative advantages and productivities

In order to measure comparative advantages by industry or by product, I exploited the BACI

database by CEPII which reconciles trade �ows reported by the importing and the exporting

country5 and where �ows are disaggregated at HS (Harmonized System) 6-digit product level.

Limiting the analysis to the case of France in the period 2001-2007, I demonstrate how it is

2Harmonized System classi�cation of traded products proposed by UN statistical o¢ ces as the international
standard http://unstats.un.org/unsd/cr/registry/regot.asp?Lg=1

3See Cleveland and Devlin (1988) for a description of this non-parametric method of �tting a graph.
4The phenylglycolic acid: an aromatic principle extracted from peaches and almonds
5BACI is developed by the Centre d�Etudes Prospectives et d�Informations Internationales (CEPII) and is

based upon o¢ cial data provided by UN ComTrade. It reconciles the declarations of the exporter and the
importer through an harmonization procedure that takes into account transport costs. For further information:
http://www.cepii.fr/anglaisgraph/bdd/baci.htm
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possible to derive a dynamic indicator of revealed comparative advantages that is built on the

basis of the Balassa (1965) Index providing however information on the changing relative position

of simple export performances through time.

First of all I compute export performance as French world market shares for each product s

at time t:

world_sharest =
XF
st

XW
st

(1)

where the numerator is the exports of product s from France (F ) at time t and the denom-

inator is the total world (W ) trade �ows for the same product s at time t.However useful as

a variable, the export performance as such is a measure of the absolute advantage of a country

in a world market, whereas I needed a form of comparative advantage that weighted for the

changing country market power as the following:

RCAst =

XF
st

XW
st

XF
t

XW
t

(2)

The export performance is then weighted in eq 2 by the denominator representing the total

export �ows from France at time t (XF
t ) on the total World trade �ows at time t (X

W
t ). This

is essentially the Balassa (1965) Index of Revealed Comparative Advantages (RCA), according

to which a value in the range [0; 1] suggests a product in which the country share is below

the country average, whereas a value in the range
�
1;
XW
t

XF
t

�
would point at a product in which

the country specializes, i.e. the country share is above the country average. As De Benedictis

and Tamberi (2001) have observed, however, the statistical properties of this index show an

asymmetric distribution with a �xed lower bound and a variable upper bound that is country and

time speci�c, whereas the demarcation value 1 is always �xed. In order to solve the asymmetry

problem that arises from the Balassa (1965) Index we propose the adoption of a relative di¤erence

of the index as follows:

norm_RCAst =
RCAst �RCAminst

RCAmaxst �RCAminst

=

�
XF
st

XW
st
�
�
XF
st

XW
st

�min�
=
XF
t

XW
t��

XF
st

XW
st

�max
�
�
XF
st

XW
st

�min�
=
XF
t

XW
t

=

=
world_sharest � world_shareminst

world_sharemaxst � world_shareminst

(3)

where
�
XF
st

XW
st

�max
and

�
XF
st

XW
st

�min
stand respectively for the maximum and the minimum of the

country shares of product s at time t: The previous normalization from a relative di¤erentiation

allows me to bind the index in a range [0; 1] obtaining a ranking among products that is year-

speci�c. The demarcation value of the Balassa Index is lost in favor of a time-varying overall

distribution from which it is possible to derive how the export performance of one product s
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compares with the rest of the distribution for every year t. Hence, to derive a progress of a

product in the distribution of comparative advantages, we can build our dependent variable as

a dummy (rcast) that equals 1 if the product has moved forward in the distribution from time

t to time t+ 1 and equals 0 otherwise. An example for the distribution of export performances

by product in 2007 as a result of eq 3 is reported in Figure 4.

As one can see from eq 3, the calculation of relative di¤erences for comparative advantages

eventually cancels out the country share XF
t

XW
t
at the denominators and allow to concentrate only

on the evolution of the distribution of product shares, providing a year-by-year relativization of

each share with respect to the rest of the distribution . This relativization property works to my

advantage also when building a variable for relative productivities, which are one of the possible

determinants of trade in a Ricardian model with di¤erent technologies. As in eq. 4, we would

need world productivities both for a sector j at time t ('Wjt ) and as aggregate at time t ('
W
t ) :

RPjt =

'Fjt
'Wjt

'Ft
'Wt

=

'Fjt
'Ft
'Wjt
'Wt

(4)

where the numerator shows the average j industry-speci�c productivity at time t ('Fjt)

weighted by national average productivity ('Ft ). Taking into account as before the time-varying

distribution of average industrial productivities, the denominator again cancels out and we have:
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norm_RPjt =
RPjt �RPminjt

RPmaxjt �RPminjt

=

"
'Fjt
'Ft
�
�
'Fjt
'Ft

�min#
=
'Wjt
'Wt"�

'Fjt
'Ft

�max
�
�
'Fjt
'Ft

�min#
=
'Wjt
'Wt

=

=

"
'Fjt
'Ft
�
�
'Fjt
'Ft

�min#
"�

'Fjt
'Ft

�max
�
�
'Fjt
'Ft

�min# =
�
'Fjt �

�
'Fjt

�min�
��
'Fjt

�max
�
�
'Fjt

�min� (5)

where
�
'Fjt
'Ft

�max
and

�
'Fjt
'Ft

�min
stand respectively for the maximum and the minimum rela-

tive productivity for each period t. Further simplifying for the average national productivity, I

obtain the relative di¤erences for simple industrial productivities in the last member of eq. 5.

As in the case of comparative advantages, a progress in the distribution points at an improve-

ment of the relative average industrial productivities and the index is again bounded between

[0; 1] : I expect that relative di¤erences of industrial productivities are positively correlated with a

progress in the distribution of comparative advantages following a Ricardian model with di¤erent

technological capabilities. In the next Section I describe the most proper notion of productivity

to include in the econometric analysis of Section in order to insulate the relationship between

comparative advantages and dynamic Ricardian di¤erences explained by Bernard , Redding and

Schott (2007), after controlling for all other possible determinants of trade.

4. Productivities and surroundings

4.1. Productivities

Four di¤erent notions of productivities have been calculated on the basis of a �rm-level

dataset of 100,048 manufacturing6 �rms grouped by NACE rev. 1 at 4-digit level of disaggre-

gation, as collected from Bureau Van Djik�s Amadeus database for the period 2001-2007. The

�rm-level dataset, of which we report the composition by economic activities in Table 5, pro-

vided me with the necessary information from balance sheet data for productivities and also for

the export turnover, that is the �rm-speci�c turnover obtained from selling products abroad.

An important variable, this latter, that helped me in determining the export status of a �rm

for each year. As we can see from the last six columns of Table 5, the distribution of the ex-

port intensity is rather skewed and di¤erentiated by sector, with only a small portion of �rms

that exports, but with some exceptional �rms in the last percentile that can reach over 90% of

turnover exported.

6The exclusion of �rms belonging to sectors di¤erent from manufacturing (services and primary activities) has
been necessary since the calculation of productivities for these �rms has still an ambigous meaning. Nonetheless,
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The �rst measure of productivity computed by �rm-level data is labor productivity (labprodit)

as value added on employees for each �rm i at time t. Since labor productivity is a one-factor

productivity, it is sensitive to changes in the combination of factors of production, therefore a

notion of Total Factor Productivity (tfpit) has been necessary and labor productivity will be

used only for robustness checks. Among the alternatives o¤ered in literature, I chose the Ol-

ley and Pakes (1996) methodology and a translog production function (Griliches and Ringstad,

1971; Christensen, Jorgenson and Lau, 1973). This latter was �rst estimated in the traditional

way and then modi�ed to correct any bias due to demand shocks adapting what De Loecker

(2007) proposed for the case of a Cobb-Douglas function. The Olley and Pakes (1996) routine

was at �rst chosen because it allowed me not only to control for the simultaneity bias, but also

for the so called state variables of the �rm (age and size) that could in�uence productivities and

somehow proxy the increasing or decreasing elasticities to scale that a commonly used Cobb

Douglas usually doesn�t take into account. In fact, it is true that both size and age generally

show a negative relationship with �rm productivity. Unfortunately, the bene�t of correcting the

estimates for the simultaneity bias using Olley and Pakes (1996) is neutralized by two drawbacks

of the methodology, the �rst being the already mentioned assumption of a constant elasticity to

scale that is only partly corrected by the estimation of coe¢ cients for state variables, the second

the relative di¤erences of manufacturing market shares should keep out any bias in the calculation of market
shares once restricting the analysis to only a part of traded goods.
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is an unmeant assumption of an always positive investment by the �rm.

The �rst drawback led me to the adoption of a more �exible translog production function,

whereas it was not possible to solve the second drawback7 if not trying to proxy unobserved

productivity shock with materials instead of investment8. Also, in order to account for the

relevance of economies of scale in the baseline speci�cations of eq 15-17-18, a translog production

function has been taken as reference because it permits the identi�cation of �rm-level returns to

scale as we will see in Section 4.2. Further, in an augmented version that I propose after adapting

the suggestions of De Loecker (2007), it is also possible to retrieve a time-varying estimate for

the elasticity of substitution within the industry (subs_elasticiynt), which is another variable

to be used in the ultimate baseline regression of eq. 18, and correct for possible bias due to

changing demand in the period of analysis.

A translog speci�cation for an industry production function is �exible enough to be consid-

ered as a second-order approximation of an arbitrary production function (Berndt and Chris-

tensen, 1973; Beason & Weinstein, 1996). Therefore we can write:

lnYit = �0 +
X
k

�k lnXkit +
1

2

"X
l

X
k

�lk(lnXlit)(lnXkit)

#
+ i + "it (6)

where Yit is the �rm-speci�c output, Xkit and Xlit are k and l �rm-speci�c inputs (labor,

materials and capital). Firms �xed e¤ects (ui) are separated by the error term "it:The residual

(ln bYit � lnYit) is the logarithm of the Total Factor Productivity 'it
Followimg De Loecker (2007), who observed that traditional productivity estimates of a

Cobb-Douglas function could be a¤ected by demand shocks, I modify the translog speci�cation

to capture the e¤ect of an omitted price variable bias. As already noted by Klette and Griliches

(1996), since most �rm-level datasets observe revenues but not physical output and prices, an

industry-level de�ator is commonly used to de�ate revenues Rit: In order to have a time-varying

elasticity of substitution, I adopt a two-stage strategy: �rst estimating the uncorrected translog

of eq. 6 and then correcting coe¢ cients with the elasticity of substitution obtained by industry-

year-speci�c estimations.

Starting with the same demand system proposed by De Loecker (2007) I have:

Qit = QIt

�
Pit

PIt

��
exp(�it) (7)

where QIt =
P
(msitRit=PIt) is the aggregate industry output, Pit and PIt are respectively

7Olley and Pakes (1996) solve the simultaneity bias problem, that is the correlation of the choice of factors com-
bination with productivity shocks, introducing an investment function that assumes a strictly positive relationship

between �rm-level investment from year t� 1 to year t and the unobserved productivity shock: iit = ft(kit;
+
'it):

The problem is that, given the constraint of the functional form which is a transformation in logs from levels, the
investment can never be negative or zero. It means that trying to solve the simultaneity bias, the methodology
introduces a more worrying selection bias. As a matter of fact, it is not uncommon that after a negative shock
�rms disinvest reducing their capital.

8Unlike the investment variable, materials are always positive. The result of this daring exercise have shown
a correlation of �rm-level TFPs with the classical translog production function of 0.88.
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the �rm-level price and the industry-level de�ator, � is the industry-speci�c elasticity of substi-

tution between products. The ratio Pit
PIt

can easily be interpreted as the �rm-level relative price.

Taking logs of the previous eq. and inserting it into an expression for (log) de�ated revenueseRit , I have:
ln eRit = lnRit � lnPIt = � �

� + 1

�
lnQit �

1

�
lnQIt �

1

�
�it (8)

Until now the methodology of De Loecker (2007) has helped me in expressing de�ated (log)

revenues as a function of lnPIt which is (the log of) the industry de�ator and
�

�
�+1

�
which is

the mark-up on physical output Qit:Substituting in the eq 6:

lnYit =

�
�

� + 1

�(
�0 +

X
k

�k lnXkit +
1

2

X
l

X
k

[�lk(lnXlit)(lnXkit)] + i

)
+

�1
�
lnQIt �

1

�
�it +

�
�

� + 1

�
("it) (9)

Finally, after some simpli�cations, the second estimated production function becomes:

lnYit = e�0 +X
k

e�k lnXkit + 12X
l

X
k

he�lk(lnXlit)(lnXkit)i+ ei � �� lnQIt + (��it + "�it) (10)
where, after having found the elasticity of substitution � = ���1� , I can calculate the now

unbiased estimators e�m = � �
�+1

�
�m; with m = 0; k; and ei = � �

�+1

�
i: The two components

of the error
�
��it = � 1

� �it

�
and

�
"�it =

�
�+1"it

�
re�ect the combination of a demand and a supply

system, letting the residual Total Factor Productivity be corrected by possible price shocks.

In Figure 5 I compare the estimates provided by the two-stage procedure I have just described

with the productivity calculated adopting Olley and Pakes (1996). The �rst remarkable feature

is a scale e¤ect due to essentially to the missing correction in the translog case for unobserved

productivity shocks. A scale e¤ect that seems however not to a¤ect the shape and the ranking of

�rms within industries, since apart from the chemical and pharmaceutical industries9, estimates

are highly correlated as Table 6 shows, with an average of 87.3. In Table 7 I also report the

averages of estimated within-industry elasticities of substitution (in absolute value), that are

calculated by 4-digit NACE rev. 2 sectors but are summarized for every 2-digit sector together

with the standard deviation that gives an idea of the variability within industries and through

time. The estimates for these latter are always above one, as expected, and signi�cant.

9On the contrary, the strange shapes of productivities for chemicals and pharmaceuticals calculated by Olley
and Pakes (1996) can be a¤ected by what Ackerberg, Caves and Frazer (2006) noted after an identi�cation problem
arising from the two-stage procedure that uses labor input twice in the estimation. Moreover, the little variation
observed by all inputs, for �rms that are rather homogeneous in size within those industries can also have led to
the very long right tail observed in the case of chemicals in Figure 5
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4.2. Returns to scale

Unlike the case of a Cobb-Douglas speci�cation (as for example in Olley and Pakes,1996,

but also in Levinsohn and Petrin, 2003), where elasticities of scale are assumed constant, with

a translog speci�cation it is possible to have di¤erentiated and variable �rm-speci�c returns to

scale. After estimating eq. 10 I can indeed calculate �rm-speci�c returns to scale that will be

used to proxy the industry-level economies of scale, which are another possible determinant of

export performance. Summing up the k-input shares de�ned as the partial derivatives for each

input k to �rm output Yit, I obtain:

RTSit =
X
k

Skit =
X
k

�
@ lnYit
@ lnXkit

�
(11)

where each k-input share is composed by a �xed part, common to all �rms belonging to the

same industry, and a variable part which depends on the �rm input levels. With a three-input

translog production function with labor, capital and materials, we would have:

RTSit =
X
k

b�k +X
l

b�kk lnXkit lnXkit (12)

where b�k is the estimated coe¢ cient obtained for each (log of) input k = capital, labor,

materials and b�kl is the estimated coe¢ cient for each interaction between (logs of) of inputs
18
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Xkit. In the previous equation, the �rst term of the second member is common to all �rms

within an industry, whereas the second term is �rm-year speci�c10. What I obtain is a �rm-level

variable expressed in terms of elasticity of inputs to output that, as Figure 6 shows, ranges from

(0;1), with some �rms below unity su¤ering from diseconomies of scale and the bulk of them

above unity that have reached the minimum e¢ ciency scale and can bene�t from economies of

scale. In Table 8 it is possible to have a look at 2-digit industrial averages, decomposed by the

�xed and the variable part.

In Figure 7 I report the relationship between estimates of productivities and returns to scale

after eq. 10.plotting both distributions in a quantile-quantile graph, where at each percentile

of one distribution corresponds the percentile of the other. If in general it is true that there is

a positive relationship between productivities and economies of scale, it seems to be not linear.

That is because, when proximate to economies of scale, �rms have to increase by more the

productivity in order to bene�t from increasing returns to scale.

In order to derive a variable that proxies industrial economies of scale as one of the determi-

nants of trade, I calculate 4-digit sector-level averages (rtsjt) from eq. 12 and I expect them to

be positively correlated with a progression in the distribution of export performances of eq. 3.

10A time varying variable that can be eventually corrected for demand e¤ects after the two-stage procedure
described in the previous section to obtain a time varying elasticity of substitution
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4.3. Productivity dispersions

In order to index di¤erences in �rm-level heterogeneity across sectors, Helpman, Melitz and

Yeaple (2004) already parametrized productivity distributions drawing from a Pareto with the

shape parameter k, where a higher dispersion (lower k) or a higher elasticity of substitution

raised the dispersion of �rm domestic sales and variable pro�ts. Hence, they provided evidence

that more dispersed sectors were also more internationalized. Indeed, in the theoretical model of

Bernard, Redding and Schott (2007) the di¤erences in productivity dispersions are explained by

the industrial relative positions in terms of comparative advantage. After opennes with costly

trade, average productivity increases by more in sectors at comparative advantages with respect

to sectors at comparative disadvantages. This is due to the higher level of competition in the �rst

sectors, where more entrants want to participate to higher expected pro�ts and where a higher

probability to export allow �rms to smooth their �xed costs on a wider set of consumers, at home

and abroad, and the selection process is harder. If in the case of Helpman, Melitz and Yeaple

(2004) the di¤erences in dispersions were only a signal of the relative degree of heterogeneity,

in the case of Bernard, Redding and Schott (2007) the same di¤erences are endogenous and

motivated by sectoral characteristics such as di¤erential factor endowments.

In this paper we �rst reproduce the correlation between export performances and produc-

tivity dispersions and then we will test the robustness of it against the structural relationship

provided by Bernard, Redding and Schott (2007) that observed how heterogeneity was reinforced

by the already described magni�cation e¤ect.

After having obtained a complete estimated distribution of productivities from French �rm-

level data speci�c for each 4-digit sector j and time t following Section 4.1, I have calculated

productivity dispersions following the methodology suggested by Norman, Kotz and Balakrish-

nan (1994) that assumes a Pareto distribution. I obtain a year-by-year cross-section estimates of

the shape parameter (k�parameterjt) for every industry j and time t according to the following
speci�cation:

ln(1� Fj('it)) = kjt � ln('minit )� kjt � ln('it) (13)

where 'it is the �rm-level Total Factor Productivity (TFP) in levels, Fj('it) is the cumulative

distribution of TFP for industry j, 'minit is the minimum of the distribution within the sector j

at time t. The same exercise has been done for both TFPs calculated according to Olley and

Pakes (1996) and according to the translog speci�cations of eq. 10. I expect that whatever

the measure, an industrial dispersion is positively correlated (negatively if we take the k as

the measure of skewness with a negative sign) with export performance since a more dispersed

distribution of productivities within that sector implies a higher propensity to internationalize

production as reported by Helpman, Melitz and Yeaple (2004). In Table 9 I summarize the

2-digit averages of this variable with the standard deviations through years and across more

disaggregated sectors.
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4.4. Productivity cuto¤s and the magni�cation e¤ect

Models of �rm heterogeneity presume two productivity cuto¤s: one below which �rms are

not able to stay in the market (the zero-pro�t cuto¤) having to stop their activity since they

can not cover the �xed cost of production with expected pro�ts; the other faced by only the

more productive among the survivors, above which it is possible to export bearing the �xed cost

necessary to acquire a market share abroad. According to the model of Bernard, Redding ans

Schott (2007), the inclusion of sectors with di¤erent endowment-driven comparative advantages

leads to a di¤erent dynamics in the reallocation process, as graphically illustrated in Figure

8 sourced from the original paper. Indeed, if it is true that average productivity increases

in all sectors once we open to costly trade, it is also true that it increases more in sectors at

comparative advantages. In this latter case, the zero-productivity cuto¤moves to the right since

we have a higher level of competition because there are more entering �rms competing for better

pro�t expectations, the selection process is tougher and potentially less productive �rms exit the

market. On the other hand, the export productivity cuto¤ move to the left because we have an

increased probability to export for �rms that were previously on the edge, producing only for the

domestic market. The combined result is that the di¤erence between the two cuto¤s is narrower

in sectors at comparative advantage where, at the end of the process, average productivity is

even higher.

From our French �rm-level dataset it is possible to derive both the zero-pro�t productivity

cuto¤s and the export productivity cuto¤s at sector-level after the estimation of productivities

following eq. 10. The �rst (exit_cutoffjt) is proxied as the average of NACE rev.2 4-digit (log

of) productivities of the �rms that exited the market in t+ 1 (i.e. were reported as non active

in t), the second (export_cutoffjt) is computed as the average of (logs of) productivities of the

exporting �rms in t. The di¤erence between them (delta_cutoffsjt) at time t is expected to be

negatively correlated with comparative advantages in t+ 1 if the magni�cation e¤ect is veri�ed

and a new source of gains from trade arises after the openness to costly trade.

In fact, in the case of France, we observe from Figure 9 and 10 that there is some preliminary

evidence of a shift through time, where zero-productivity cuto¤s tend to be tougher in 2007 with

respect to 2001 and export productivity cuto¤s show an enhanced probability to export.at the

end of the period for less productive �rms. What we will do in the next Section is to test the

observed dynamics against the index of comparative advantage we have built in Section 3 after

controlling for determinants of trade and demand e¤ects.

5. Estimation strategies

In order to verify if there is a correlation between the progress within the distribution of

product comparative advantages and the emergence of Ricardian technological di¤erences, I

begin with the estimation of both a Panel Probit and a Panel Logit regression and then, showing

that they show comparable results, I switch to a Random Intercept Logistic regression that
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permits heterogeneity of products within industries to emerge and be measured by an estimated

ad hoc parameter, with errors corrected for regressors that are speci�c for di¤erent nested levels.

The �rst speci�cation has included controls for the existence of a previous comparative advantage

(RCAst�1) at time t � 1, the productivity dispersion of an industry (k_parameterjt), factor
endowments ((capital_intensityjt) and (intangible_contentjt)) and �nally a time �xed e¤ect

(�t):

logit fPr(rcast = 1jXijg = �0 + �1RCAst�1 + �2norm_RPjt + �3k_parameterjt +

+�4capital_intensityjt + �5intangible_contentjt +

+�t + "st (14)

The second speci�cation adds to the �rst Panel Logit the control for a correlation with the

di¤erence between industrial zero-productivity and export-productivity cuto¤s of the following

year (delta_cutoffsjt+1) and the average of �rm-speci�c returns to scale by industry (rtsjt) :The

former, as explained in the fourth Section, is expected to be negatively correlated to the de-

pendent variable if Ricardian productivity di¤erences emerge from further specialization in the

products at comparative advantage (Bernard, Redding and Schott, 2007). The latter,instead,

following Section 4.2 verify the importance of economies of scale as a determinant of trade

specialization:

logit fPr(rcast = 1jXijg = �0 + �1RCAst + �2norm_RPjt + �3k_parameterjt +

+�4capital_intensityjt + �5intangible_contentjt +

+delta_cutoffsjt + rtsjt + �t + "jt (15)

From the third speci�cation onwards I follow a multilevel model strategy (Skrondal and

Rabe-Hesketh, 2004; Rabe-Hesketh, Skrondal and Pickles, 2005) that in our case takes the

form of a Random Intercept Logistic Regression with the inclusion of an error component�
�(j)jXjt � N (0;  )

�
which is sector speci�c and whose variance  approximates heterogeneity

of products within sectors. Residuals ustjXst will be independent across both products and
industries and will be distributed according to a logistic. Industry error components will be

independent across industries, but not across products that are nested within the speci�c in-

dustry. Levels are nested in the sense that one upper level can be perfectly partitioned in a

series of minor levels and the nesting doesn�t change through time. For the moment in the third

speci�cation I reproduce the model of eq 14:

logit
n
Pr(rcast = 1jXst; �(j)

o
= �0 + �1RCAst + �2norm_RPjt + �3k_parameterjt +

+�4capital_intensityjt + �5intangible_contentjt +

+�t + �
(j) + ust (16)
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In the fourth speci�cation I include again the controls for di¤erence between cuto¤s and

economies of scale as in eq. 15 within the same Random Intercept Logistic of the previous

strategy:

logit
n
Pr(rcast = 1jXst; �(j)

o
= �0 + �1RCAst + �2norm_RPjt + �3k_parameterjt +

+�4capital_intensityjt + �5intangible_contentjt +

+delta_cutoffsjt + rtsjt + �t + �(j) + ust (17)

Finally, the �fth speci�cation includes a control for the di¤erentiation of product varieties

within 2-digit level sectors (subs_elasticitynt), hence for the e¤ect of a demand system as pre-

viously introduced in Section 3 and a further error component
�
�(n) � N (0; #)

�
for the level

of 2-digit industries at which the elasticities of substitutions are calculated. In this speci�ca-

tion also the variables deriving from productivity estimations (k_parameterjt, norm_RPjt,

delta_cutoffsjt, rtsjt) are corrected for the presence of price shocks following the suggestions

of Section 4.1:

logit
n
Pr(rcast = 1jXst; �(n); �(j)

o
= �0 + �1RCAst + �2norm_RPjt + �3k_parameterjt +

+�4capital_intensityjt + �5intangible_contentjt +

+delta_cutoffsjt + rtsjt + subs_elasticitynt + �t +

+�(n) + �(j) + ust (18)

6. Results

The �rst two columns of Table 10 con�rm some classical results of trade theory, where

technological di¤erences à la Ricardo have a positive e¤ect on the progress of a product in

the distribution of comparative advantages, indicating that French specialization is in capital-

intensive goods with a strong content of technology. As �rst attemps made by Helpman, Melitz

and Yeaple (2004) have shown, here as well I verify that productivity dispersion, hence �rm

heterogeneity, is positively related to the internationalization of an industry as the positive

and signi�cant coe¢ cient of the k-parameters testify. Once however in the third column I

control for the presence of a magni�cation e¤ect in the year that follows the internationalization,

productivity dispersion per se loses signi�cance in favor of a measure that better captures the

heterogeneity. A wedge progressively di¤erentiates reallocation processes of sectors with di¤erent

content of comparative advantages, since even after controlling for initial Ricardian di¤erences

in productivity, further dynamic productivity di¤erences emerge through time. According to the

general equilibrium model of Bernard, Redding and Schott (2007), the discovery of a sector at

comparative advantage incentives �rms to enter and relocate in it because the expected pro�ts
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are higher given the increased chances to export. The higher the mass of �rms in the sector, the

more competitive the selection process within that sector and the higher the average resulting

productivity. If on one hand the zero-productivity cuto¤ increases, on the other hand the

export cuto¤ becomes lower given the enhanced probability to export of �rms within the sector.

Here we observe a self-reinforcing process of enhanced comparative advantages as triggered by

increasing average productivities that are added to factor endowments�di¤erences à la Heckscher-

Ohlin and pre-existing technological di¤erences in capabilities à la Ricardo.This result is robust

to other speci�cations reported in colum 4 and 5 that take into account the heterogeneity of

products within industries. At a �rst glance also economies of scale play an important role in the

determination of the pattern of specialization as the speci�cation of the third column testify. It

is indeed true that part of the advantage of the internationalization comes from the smoothing

of �xed costs on a wider set of consumers and when both capital intensity and economies of scale

are tested against heterogeneity of products, they become irrelevant. One possible explanation

for this result is that reallocations of product mix usually occur within industries and if these

latter, on average, can build their export performance on capital intensity and increasing returns

to scale, single products have instead to rely on their own content of innovation to maintain and

increase a share on world markets.

Finally, in the last colum of Table 10 we introduce a control for the elasticity of substitution

and we observe that indeed part of the correlation between the progress in the distribution of

comparative advantages and the productivity dynamics is lost, con�rming the importance that

demand shocks have on the reallocation process and the self-selection due to heterogeneity as

Syverson (2004) and Helpman, Melitz and Yeaple (2004) showed.

The importance of relative productivity à la Ricardo is con�rmed by the high and increasing

point estimates across speci�cations, whereas a path dependence can be observed as given by

the inclusion of the initial position in terms of comparative advantages (RCAst) that states how

good the export performance is at the beginning of the period.

7. Conclusions

This paper has �rst demonstrated how in France dynamic Ricardian di¤erences emerge from

�rm heterogeneity following the theoretical model of Bernard, Redding and Schott (2007) af-

ter controlling for all other determinants of trade, but it also testi�es how demand shocks can

in�uence trade performance and comparative advantages. In particular, the con�rmation of

the existence of a magni�cation e¤ect in terms of trade performance for sectors at compar-

ative advantages entails �rst of all the acknoledgment of an additional source of gains from

trade derived from �rm heterogeneity. Secondly, di¤erent sectoral dynamics in costly-trade with

heterogeneour �rms implies a reappraisal of the e¤ectiveness of industrial and trade policies.

Indeed, if dynamic di¤erences in aggregate productivity emerge among sectors, it is possible

that an asymmetric trade liberalization (or the adoption of speci�c trade policies) can alter the

ranking of comparative advantages once boosting �rm reallocation in some sectors before than
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others.

The adoption of some speci�c econometric tools, such as the multilevel model speci�cations,

the calculation of �rm-speci�c returns to scale and of industrial elasticities of substitution have

been useful to address di¤erent degrees of heterogeneity at product-level, �rm-level and industry-

level.

30
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



References

Akerman, A. and Forslid, R. (2007). Country Size, Productivity and Trade Share Convergence: An Analysis

of Heterogenous Firms and Country Size Dependent Beachhead Costs. CEPR Discussion Paper no. 6545. London

Altomonte, C. and Colantone, I. and Pennings, E., (2010). International trade with heterogenous �rms and

asymmetric product varieties, mimeo

Antoniades, A. (2009): Heterogeneous Firms, Quality, and Trade,mimeo.

Balassa, B. (1965), Trade Liberalisation and Revealed Comparative Advantage, The Manchester School, 33,

99-123.

Beason R. and Weinstein D.E. (1996) Growth, economies of scale, and targeting in Japan (1995-1990), Review

of Economics and Statistics, 78(2), pp. 286-295.

Bernard, A., Eaton J., Jensen, B, and Kortum, S. S.(2003). Plants and Productivity in International Trade

American Economic Review 2003, Vol. 93, No. 4, September, 1268-1290

Bernard A. B. and Jensen B. and Redding S. J. and Schott P. K. (2007). Firms in International Trade.

Journal of Economic Perspectives, American Economic Association, vol. 21(3), pages 105-130

Bernard A. B. and Redding S. J. and Schott P. K. (2007). Comparative Advantage and Heterogeneous Firms.

Review of Economic Studies, 74: 31�66

Bernard A. B. and Redding S. J. and Schott P. K. (2010). Multiple-Product Firms and Product Switching

American Economic Review 2010, Vol. 100, No. 2, May, 444-448

Berndt E. and Christensen L., (1973) The translog function and the substitution of equipment, structures,

and labor in US manufacturing, 1929-1968. Journal of Econometrics, 1, pp.

81-114.

Christensen L. R. and Jorgenson D. W. and Lau L. J. (1973),Transcendental Logarithmic Utility Functions,

Chapter 1 in Dale W. Jorgenson (1997a), pp. 1-28

Cleveland, W.S.; Devlin, S.J. (1988). Locally-Weighted Regression: An Approach to Regression Analysis by

Local Fitting. Journal of the American Statistical Association (403): 596�610

Costantini J. A. and Melitz M. (2007). The Dynamics of Firm-Level Adjustment to Trade Liberalization,

mimeo

De Benedictis L. and Tamberi M., (2002). A note on the Balassa Index of Revealed Comparative Advan-

tage,Working Papers 158, Universita�Politecnica delle Marche (I), Dipartimento di Economia

De Loecker J.(2007). Product Di¤erentiation, Multi-product Firms and Estimating the Impact of Trade

Liberalization on Productivity. NBER Working Papers 13155

Eckel C. and Neary P., (2010). Multi-Product Firms and Flexible Manufacturing in the Global Economy.

The Review of Economic Studies, Volume 77 (1), pp. 188-217(30)

Ghironi F. and Melitz M. (2005).International Trade and Macroeconomic Dynamics with Heterogeneous

Firms. Quarterly Journal of Economics, Vol. 120, August 2005, pp. 865-915.

Ghironi F. and Melitz M. (2007). Trade Flow Dynamics with Heterogeneous Firms. American Economic

Review, Vol. 97, May 2007, pp.356-361

Greenaway, David & Kneller, Richard (2007), Firm heterogeneity, exporting and foreign direct investment.

The Economic Journal 117 (517): F134�F161

31
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Griliches, Z. and Ringstad, V. (1971) Economies of Scale and the Form of Production Function, North-Holland

Publishing Co., Amsterdam

Grossman G., Helpman E. (1995). "Technology and Trade" in G.Grossman and K.Rogo¤, eds., Handbook of

International Economics, vol.III, North Holland.

Helpman and Krugman (1985). Market Structure and Foreign Trade, MIT Press

Helpman, E. and Melitz M. and Yeaple S.(2004). Export Versus FDI With Heterogeneous Firms. American

Economic Review, 94(1), pp. 300-316.

Kabundi, A., and F. Nadal De Simone, (2007), France in the Global Economy: A Structural Approximate

Dynamic Factor Model Analysis. IMF Working Paper 07/129

Kabundi, A., and F. Nadal De Simone, (2009). Recent French Export Performance: Is There a Competitive-

ness Problem?. IMF Working Papers WP/09/2

Khan, T., (2006). Productivity Growth, Technological Convergence, R&D, Trade and Labour Markets: Panel

Data Evidence from the French Manufacturing Sector. IMF Working Paper 06/230

Mayer, T., Melitz, M. and G. Ottaviano (2010). Market size, Competition, and the Product Mix of Exporters,

mimeo

Mayer, T. and Ottaviano, G.I.P., (2008), The Happy Few: The Internationalisation of European Firms,

Intereconomics: Review of European Economic Policy, 43, issue 3, p. 135-148.

Melitz, M. (2003), The Impact of Trade on Intra-Industry Reallocations and Aggregate Industry Productivity,

Econometrica 71 (6): 1695�1725.

Norman, L., Kots S. and Balakrishnan S. (1994). Continuous Univariate Distributions, Volume 1, 2nd Edition,

Wiley

Olley, S. and Pakes, A. (1996). The Dynamics of Productivity in the Telecommunications Equipment Industry,

Econometrica, Vol 64 6, 1263-98.

Proudman, J. and Redding, S. (1998) Persistence and mobility in international trade. In: Proudman, James

and Redding, Stephen, (eds.) Openness and growth : proceedings of the Bank of England academic conference on

the relationship between openness and growth in the United Kingdom, September 15th, 1997. Bank of England,

London

Rabe-Hesketh, S., Skrondal, A. and Pickles, A. (2004). Generalized multilevel structural equation modelling.

Psychometrika 69, 167-190

Rabe-Hesketh, S., Skrondal, A. and Pickles, A. (2005). Maximum likelihood estimation of limited and discrete

dependent variable models with nested random e¤ects. Journal of Econometrics 128, 301-323.

Romalis, J., (2004). Factor Proportions and the Structure of Commodity Trade. The American Economic

Review 94, 67�97

Syverson C. (2004). Product Substitutability and Productivity Dispersion. The Review of Economics and

Statistics, MIT Press, vol. 86(2), pages 534-550, 08

Tre�er, D. & Chun Z. S. (2000), Beyond the Algebra of Explanation: HOV for the Technology Age, American

Economic Review 90 (2): 145�149

Vanek, J. (1968), The Factor Proportions Theory: the N-Factor Case, Kyklos 21: 749�756

32
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



Chapter II

Import Penetration, Intermediate Inputs and Productivity:

Evidence from Italian Firms

1 Introduction

When analyzing the dismal performance of European economies in the last �ve years, most stud-

ies (e.g. Sapir, 2003) seem nowadays to agree in identifying the decline of European productivity

vs. the US one as a major contributing factor. Consistently, in a very detailed study Daveri

and Lasinio (2006) �nd that the current stagnation of the Italian economy is mainly a labour

productivity problem, mostly driven by a decline in total factor productivity (TFP), especially

in manufacturing sectors.

As a result, the need for productivity gains sit nowadays high in the agenda of European

policymakers. Strangely enough, however, the relationship between productivity and trade

openness is, more often than not, perceived as a negative one, periodically leading to protectionist

calls throughout the EU member States.

And yet, a vast body of theoretical and empirical literature points to a positive relationship

between trade openness and productivity. In particular, from a theoretical point of view, several

channels might explain a positive e¤ect of trade and trade liberalization on productivity. An

increased product market competition, for instance, may stimulate �rms to reduce their x-

ine¢ ciences or even lead the less productive �rms to leave the market (Melitz, 2003 and Melitz

and Ottaviano, 2005). Other important channels might be the increased availability of foreign

(possibly better) intermediate inputs that can also stimulate technological innovation (see for

example Grossman and Helpman, 1991) and possible scale e¤ects due to the greater market size

(Krugman and Helpman, 1985).

As for the empirical contributions, the cross-country studies of Ades and Glaeser (1999),

Frankel and Romer (1999), and Alesina, Spolaore, and Wacziarg (2000) all found signi�cant

e¤ects of trade on growth and productivity11. The �nding is also con�rmed in industry studies

such as Tre�er (2004), who �nds an increase by 14% in labour productivity in those Canadian

and US industries with highest output tari¤ cuts. In a developing country context, Shor (2004)

analyzes tari¤s for a sample of Brazilian industries, showing that input tari¤s have a negative

11These studies have been criticised by Rodrik (2000) and Rodriguez and Rodrik (2001), on the grounds
that that once institutional quality and geographic variables are taken into account the positive e¤ect of trade
on productivity disappears. In a recent study, however, Alcalà and Ciccone (2004) �nd a positive impact of
real openness on productivity for 138 countries, even after controlling for institutional quality and geographic
variables, when real openness is employed.
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e¤ect on productivity. At the �rm-level, Tybout and Westbrook (1995), Krishna and Mitra

(1998), Pavcnick (2002), Fernandes (2003) and Topalova (2004), all �nd positive e¤ects of trade

on �rm-level productivity.

All the previously quoted studies, however, explore the "horizontal" channels through which

the trade shock a¤ects productivity, i.e. all those channels captured by within-industry measures

of integration (such as import penetration in the same industry or output tari¤ reductions). As

a result, the economic nature of the e¤ects explored deals essentially with productivity gains

led by competition e¤ect. On the other hand, it might be interesting to explore also "vertical"

channels, i.e. all those channels captured by across-industry measures of integration such as

imported input, input tari¤s or import penetration in the up-stream industries, especially in

light of the recent trends showing that international trade in components is growing faster than

trade in �nal goods (Hummels et al., 2001).

As a result, a growing literature has started to explore this second class of channels, which

might yield a richer set of predictions on the relationship between trade �ows and productivity

gains. In particular, Amiti and Konings (2005) consider the impact of both output and input

tari¤s on productivity for a sample of Indonesian �rms, concluding that a 10% reduction in

output tari¤s would increase productivity by 1%, while a 10% reduction in input tari¤s would

increase TFP by 3% on average, and by 11% in input-importing �rms.

The present paper is related to this last strand of literature, since it aims at understanding

whether import penetration matters for the productivity of local �rms, and whether the impact

is di¤erent when considering trade measures within or across (up-stream) industries and across

di¤erent countries of origin of the imports. In particular, the exercise is carried out on a sample

of roughly 35,000 Italian manufacturing �rms operating in the period 1996-2003. The choice of

Italy is driven by the peculiar behavior of the country: according to the OECD Factbook 2006,

in fact, Italy is the only country among those surveyed which has displayed a negative average

growth rate of its multi-factor productivity in the period 1996-2003 (-0.3 per cent), while at the

same time experiencing an increasing trade openness.

Anticipating our main result, we �nd that import penetration positively matters for produc-

tivity, with an e¤ect which is however di¤erentiatied if considering within vs. across-industries

(vertical) indicators. In particular, a 10% increase in the import penetration ratio of the same

industry would result in a productivity increase of limited magnitude (around 0.05%), while

an increase of 10% of the import penetration ratio in the up-stream industries would instead

increase the productivity of the average �rm by some 1.3%. These results however vary a great

deal when considering the impact of trade openness with respect to di¤erent countries or group

of countries trading with Italy.

The paper thus contributes to the literature in a number of ways. To the best of our knowl-

edge, this is the �rst paper to consider in a core European country (Italy) both the �horizontal�

and �vertical� channels through which economic integration might a¤ect productivity, in the

spirit of Amiti and Konings (2005). Second, we employ import penetration ratios rather than

MNF tari¤s to calculate import penetration. Although tari¤s are a direct policy tool, while im-
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port penetration ratios are just equilibrium outcomes of import, export and production choices,

it might be preferable to use trade-related indicators instead of tari¤-related ones when inter-

ested in a positive analysis of the impact of economic integration on productivity. As proved by

Karacaovali (2006), in fact, tari¤s are likely to be endogenous to productivity; moreover, MFN

tari¤s are imperfect indicators of the e¤ective protection because they are rarely the true tar-

i¤s applied. Third, we build the import penetration indexes for the up-stream industries using

time-varying technology coe¢ cients retrieved from Input-Output tables, thus directly observing

the linkages across sectors in every considered year. Fourth, we di¤erentiate the impact allowing

the trade openness to vary across di¤erent countries of source and destination of trade.

The structure of the paper is as follows. Section two provides description and discussion

of data used in the analysis, providing a picture of Italian imports through several measures

of trade openness. Section three is devoted to introduce �rst our semi-parametric econometric

estimation of total factor productivity, then to report estimates on linkages between productivity

and the several measures of openness we use. Section four discusses the main results obtained

and the relative robustness checks. Section �ve concludes.

2 Data description

2.1 The sample of italian manufacturing �rms

A commercial dataset called AIDA, collected by the Bureau van Dijk, was used in order to

retrieve balance sheet data relative to sales, value added, net tangible �xed assets, number of

employees and ownership structure of the Italian manufacturing �rms. The total sample was

made up by 61,335 �rms. Taking 2001 as the reference year and comparing sample data with the

o¢ cial Industrial Census of that year, these �rms accounted for the 73% of total manufacturing

value added and 54% of manufacturing employment. However, due to the quality of data,

extensive data cleaning had been necessary. We adopted a two-stage data cleaning procedure.

First, we dropped all those �rms reporting negative values of any of the considered variables.

Second, in order to get rid of outliers, we computed the growth rates of each variable and dropped

all �rms reporting growth rates smaller than the 1st or greater than the 99th percentiles of the

relevant distribution. The resulting sample is constituted of 34,385 �rms, representing the 40.7%

of total manufacturing value added and 31.7% of manufacturing employment in 2001.

To validate our sample, we compared it with o¢ cial data along three dimensions: geograph-

ical location, industrial activity and �rms�size. Table 1 reports the geographical distribution of

the �rms in our sample. The number for each region ranges from 55 (Aosta Valley) to more than

10,000 (Lombardy). The correlation between the distribution of our sample and the distribution

of the 2001 Census is 0.96 and signi�cant at the 1 per cent level.

As for the distribution across industries, Table 2 shows how the number of �rms for each

NACE2-digits sector ranges from 119 in the case of sector 23 ("Manufacture of coke, re�ned

petroleum products and nuclear fuel") to more than 5,000 �rms in sector 29 ("Machinery and
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equipment"). Again, the correlation with the Census data is pretty good (0.71) and signi�cant.

As far as �rms�size is concerned, Table 3 shows the distribution across the size classes adopted

by the Italian National Institute of Statistics. Firm size is measured by employment. Looking

at �rms for which employment data in 2001 is available, there is a fair representation of micro

�rms (11.2%). Clearly, the third column shows how this sample under-represents micro-�rms,

which in Italy account for more than 80% of total �rms. This (relative) over-representation of

large �rms is clearly a drawback that must be taken in mind along all the analysis. However,

since micro �rms are not obliged to report balance sheet data, it is almost impossible to obtain

otherwise these latter on a regular basis and we have to cope with an (albeit moderate) "size

bias" of the sample.

The last relevant feature retrieved from our data is the �rm ownership structure, which for

each �rm we were able to identify in 2004. Hence, we classi�ed as foreign (FORMNE) those �rms

with a direct foreign participation greater than 10%, while we considered as domestic MNEs

(DOMMNE) all those �rms with participation abroad greater than 10% in 2004. We have got

a total of 453 foreign �rms and 1,365 domestic multinationals in our sample12.

Table 4 shows some descriptive statistics of the sample. Panel A shows the descriptive

statistics for the values of the di¤erent variables whereas panel B reports the information on

growth rates.

12Note that we are dealing with the ownership data of the last available year, which prevents us from capturing
any possible change of status in the period considered (as for example due to M&A operations). Although foreign
ownership is not the main object of our analysis, this caveat should be taken in mind when discussing our results.
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2.2 An analysis of Italian imports

Information on trade �ows and production by industry has been provided by EUROSTAT. Values

of imports and exports of the manufacturing sector were collected at a detailed product level

according to the CN 8-digit classi�cation used for custom purposes, for the period 1996-2004

and for di¤erent countries of origin/destination. The data were then reclassi�ed at the 4-digit

NACE rev. 1.1 level, using the relative correspondence tables provided by EUROSTAT. The

product-based data, coupled with a geographical breakdown, thus allowed us to draw a detailed

picture of the changing pattern of Italian imports in a relevant period. Data on production were

collected using EUROSTAT with its PRODCOM database at a 8-digit product classi�cation,

whose codes were once again converted at NACE industry detailed levels as done for trade �ows.

In Graph 1 we report the trends of both imports and exports in Italy for the period of analysis,

from which we can observe how, especially after 2001, imports have increased consistently and

have converged towards the export trend.

First of all, looking at basic �gures, openness on the import side has rapidly increased in the

considered period, in Italy as in other European countries. In order to correct the general rising

trend for world imports and to di¤erentiate what�s going on by industry, we used a simple ratio
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IMP_shWjt which is the share of industry j �ows from world (partner W ) at time t on total

�ows (from world) at time t:

IMP_shWjt =
IMPWjt

IMPWt
(1)

Table 5 reports dynamics of these shares at NACE 2-digit industry level while in the following

analysis of Section 3.3 it will be possible to employ more disaggregated shares.

But import shares could be decomposed by an intensive and an extensive margin of trade

following Hummels and Klenow (2002). These two margins allowed us to isolate variety from

intensity, with the intensive margin (Int_marzjt) measuring trade intensity and the extensive

margin (Ext_marzjt) catching trade variety. Int_marzjt is the importing country z�s share of

world imports in those product categories s produced within the speci�c industry j at time t ,

calculated as:

Int_marzjt =
IMPzjtP

r if r 6=z
P
s � IMPzjt

IMPrst
(2)

whereas Ext_marzjt is the fraction of world imports for the industry j at time t that occur

in the product categories s, within industry j, which Italy imports from country z , computed

as:

Ext_marzjt =

P
r if r 6=z

P
s � IMPzjt

IMPrst

IMPWjt
(3)
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The denominator of the intensive margin is the numerator of the extensive margin and here it

is net of country z�s �ows, with the aggregation of products by industries having been made

possible by EUROSTAT correspondence tables as explained before. Decomposing by trade

margins excludes the option of considering world as a partner, given the peculiar method of

calculation which takes total trade as a benchmark. At the same time, every country-speci�c

intensive margin multiplied by its own extensive margin is able to reproduce the import shares

of that country for each j sector.

Import margins are di¤erentiated by a number of representative partners: the European

countries before the enlargement (EU-15), USA, the new member states of the European Union

(NMS), the so-called BRICs (Brazil, Russia, India and China as new emerging markets) and

China alone. Graph 2 and Graph 3 report time trends of intensive and extensive margins on

average by partner.

As it is possible to see, there are structural di¤erences in the exposure to international

trade �ows. First, considering the 15 countries of the European Union (EU 15) before the

enlargement as a partner, both intensive and extensive margins reached high average ratios

for all manufacturing industries, demonstrating once again a remarkable economic integration

within the Union. In some cases, where extensive ratios equal one, there�s no possible rise of

trade in varieties. From United States (US), instead, many varieties are imported but intensity

of trade is in general rather low and comparable with �gures of the New Member States (NMS)

after the enlargement, which anyway are on average rising within the considered period while

US ones are more stable. Table 6 and Table 7 summarize trade margins as calculated before.

Intensive margins for China alone are considerably high for some sectors (e.g. NACE18 - wearing

apparel; NACE19 - Leather luggage and footwear) but still extensive margins re�ecting extent of
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traded varieties are in general behind US ones, apart from textiles (NACE17), wearing apparel

(NACE18) and leather luggage and footwear (NACE19). Figures for the group of BRICs (Brazil,

Russia, India and China) show a wide range of imported goods, even if single countries are

individually more specialized. These four countries taken together matter more than US in

terms of import intensity when this latter is measured by intensive margins.

Finally, in order to weigh trade of an industry with its own changing demand we introduced

the measure of horizontal import penetration and vertical import penetration, H_impzjt and

V_impzjt respectively, from country z in industry j at time t. The horizontal penetration (i.e.

import penetration ratios considering the industry of a¢ liation) is calculated as:

H_impzjt =
IMPzjt

IMPzjt + PRODjt � EXPzjt
(4)

where EXPzjt are the exports of Italy to country z in industry j in year t, while PRODjt is

the national output of industry j in year t.

The measure of the vertical import penetration, V_impzjt, is somewhat more complicated,

since it re�ects the linkages present in the up-stream industries. Following Smarzynska (2004),

who has used a similar indicator in order to measure "vertical" FDI presence, the index is

computed as the weighted average of the up-stream industries�horizontal import penetration

ratios using as weights the time-varying input-output coe¢ cients retrieved from the Italian

Input-Output matrix, which distinguishes between general �gures for intermediates and speci�c
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amounts of imports used by economic activities for production purposes13.

V_impzjt =
X

k if k 6=j
akjt �H_impzkt (5)

where akjt is the weight of industry k as input of industry j at time t.

Table 8 is dedicated to simple descriptive statistics14 on horizontal import penetration ratios

taking whole world as a partner. Heterogeneity is signi�cant among industries. From a 1.06

of average import penetration ratio registered by NACE industry 30 (o¢ ce machinery and

computers) to the 0.05 of NACE industry 22 (publishing and printing). As for the evolution

over time of the import penetration ratios, Graph 6 reports dynamics of di¤erent industries.

Also in this case there is a lot of trend heterogeneity, with an upward trend in some industries

(e.g. textiles - 17 or wearing apparel - 18), almost at in others (wood -20; motor vehicles - 34),

or decreasing (pulp and paper - 21; basic metals - 27). Obviously, here as in the case of trade

margins, heterogeneity through time further increases if one looks at 4-digit industries, which

are not reported.

Table 9 reports relevant descriptive statistics on vertical import-penetration indexes at 2-

digit level of aggregation, revealing again a signi�cant heterogeneity. The industry with the

highest up-stream ratio is NACE industry 30 (o¢ ce machinery and computers) while the one

with the lowest value is NACE 20 (wood products).

The extent of heterogeneity among industries is depicted in Graph 5 showing the evolution

of vertical penetration ratios, mainly di¤erent from the corresponding horizontal �gures plotted

in Graph 4.

As clearly summarized by Table 9 and Graph 5, average vertical import penetration ratios

have rapidly grown for the period of concern if we look at emerging economies (BRICs or China

alone) and found a renewed upward trend after 2000 in the case of the New Member States.

United States count more for horizontal trade than for vertical trade and horizontal ratios are on

average decreasing, at the contrary of New Members, BRICs and China among which increasing

shares of Italian imports are apportioned.

13 In order to check whether the latter display a clear time-trend, we have checked the correlation between the
1996 and the 2003 input-output coe¢ cients, which turned out to be very high and signi�cant. However, a process
of technological change is in some cases quite relevant, with di¤erences in coe¢ cients ranging from -15% (the
weight of sector 23 - petroleum products - as input of itself) to +12% (the weight of sector 34 - motor vehicles -
as input of itself).
14Variables in Table 6 are summarized at the 2-digit level of aggregation, whereas the actual horizontal import

penetration ratios used in the dataset are at a 4-digit level of disaggregation. Vertical penetration ratios can
be instead calculated only at 2-digit level because this is the only available disaggregation for Imput-Output
technology as provided by ISTAT
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3 Econometric model

Let us start from a standard Cobb-Douglas production function

Yit = AK
�k
it L

�l
it (6)

where Yit is a measure of production (in our case value added), K and L are the capital and

labour inputs and �k and �l the inputs coe¢ cients. A is total factor productivity (TFP). Since

our aim is to verify in which way TFP is a¤ected by import penetration, the �rst step of the

analysis is to obtain an unbiased estimate of total factor productivity.

3.1 Productivity estimation

The traditional technique adopted to estimate the production coe¢ cients and hence compute

TFP starting from a (log-linearized) production function as in eq(6) is ordinary least squares.

However, this technique is a¤ected by several problems, among which the most serious is the

so-called simultaneity bias.

Taking eq. 6 in logs one has:

yit = �kkit + �llit + �it (7)

In order to have a consistent OLS estimator, we need �it (the residual) to be uncorrelated

with both kit and lit (the regressors). However, as pointed out by Griliches and Mairesse (1995),

45
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



46
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



47
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



pro�t-maximizing �rms immediately adjust their inputs each time they observe a productivity

shock, which makes input levels correlated with the same shocks. Since productivity shocks

are unobserved to the econometrician, they enter in the error term of the regression. Hence,

inputs turn out to be correlated with the error term of the regression, and thus OLS estimates

of production functions are problematic. Olley and Pakes (OP, 1996) and Levinsohn and Petrin

(LP, 2003) have developed two similar semi-parametric estimation procedures to overcome this

problem.

Both techniques suppose that the productivity term � can be decomposed into two terms,

so that eq(7) becomes:

yit = �kkit + �llit +$it + "it (8)

where $it is a productivity shock observed by the �rm (but not by the econometrician) that is

able to change the input choices while "it is a white noise uncorrelated to inputs. The key point

in both the OP and the LP estimators is to "turn unobservables into observables", namely to

�nd an observable proxy for the productivity term $it. In particular, the OP methodology uses

investment as proxy while the LP methodology uses material costs.

Since the OP estimator will be our baseline model, we go into the detail of this methodology15.

In the OP case, investment is the proxy employed. In particular, investment is supposed to be

function of capital and productivity:

iit = it ($it; kit) (9)

where iit is the investment of �rm i at time t. By inverting this function, it is possible to de�ne

$it as:

$it = ht (iit; kit) (10)

where ht = i�1t . Using eq(10), eq(8) can now be written as

yit = �kkit + �llit + ht (iit; kit) + "it (11)

If we now de�ne a new (unknown) function

� (iit; kit) = �kkit + ht (iit; kit) (12)

that can be proxied by a 3rd or 4th order polynomial in capital and investment, Olley and Pakes

(1996) show that it is now possible to estimate consistently �l and � through OLS from the

following equation:

yit = �llit + � (Iit; kit) + "it (13)

Then, in order to recover an estimate for �k, one can de�ne a function Vit = yit� �̂llit which,

15Both LP and OLS estimates will be presented as robustness checks.
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by using eq(13), eq(12) and eq(10), can be written as:

Vit = �kkit + ht (iit; kit) + "it = �kkit +$it + "it (14)

Moreover, if we assume that our productivity term follows a �rst-order Markov process, i.e.

that $it = g($it�1) + �it, eq(14) becomes

Vit = �kkit + g($it�1) + �it + "it (15)

which using again eq(10) and (12) can be written as

Vit = �kkit + g(�t�1 � �kkit�1) + �it (16)

Eq(16), where g is an unknown function that can be proxied by a 3rd or 4th order polynomial

and �it = �it+"it, allows estimating a consistent �k through a non linear least square procedure.

Having obtained consistent estimates for �l and �k, it is then possible to calculate an unbiased

measure of the �rm level TFP as

tfpit = yit � �̂kkit � �̂llit (17)

which can then be used as a dependent variable in the following model design.

3.2 Total Factor Productivity estimates

We have estimated separate production functions for each NACE2-digits sector. All our variables

are de�ated using 2-digit price de�ators. The de�ator for capital, following Smarzynska (2004),

is the simple average of �ve industries capital de�ators16. Table 11 shows the results obtained

for the coe¢ cients using the di¤erent techniques previously described. In particular, it is worth

noting the expected up-ward bias of the OLS labour coe¢ cients with respect to the OP or the

LP estimates. As for the capital coe¢ cients, OP coe¢ cients are usually higher than OLS ones,

while LP capital coe¢ cients seem to be sistematically lower17.

Using OP estimates as our baseline model, we report in Graph 7 the evolution of an aggregate

TFP index18 that shows a declining trend for our sample of �rms, particularly from 2000 to 2003,

consistently with the results of the studies previously cited. Graph 8 disentangles the evolution

of the TFP index according to its geographical and industrial dimensions

16NACE sectors 29 "Manufacture of machinery and equipment n.e.c."; 30, "Manufacture of o¢ ce machinery
and computers"; 31,"Manufacture of electrical machinery and apparatus " ; 34, "Manufacture of motor vehicles,
trailers and semi-trailers"; 35, "Manufacture of other transport equipment".
17The negative OP capital coe¢ cients for industry 22 "Publishing, printing and reproduction of recorded media"

and 23 "Manufacture of coke, re�ned petroleum products and nuclear fuel" might be due to the small number of
observations in these industries.
18The index has been computed as the ratio between the yearly unweighted average of the �rm level TFP and

its initial (1996) value.
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As for the geographical heterogeneity of the TFP evolution, in Graph 9 we report the break-

down for the di¤erent regions.While many of the southern regions display a declining path, the

majority of the northern regions are characterised by an almost �at path, with a little decrease

in productivity from 2000 to 2003 and some signs of recovery in 200419.

3.3 Italian imports and productivity

The estimation strategy has been composed by three steps. First, once having obtained reliable

TFP estimates, we have tested the relation of import shares of eq (1) from world with �rm-level

productivity by industry according to the following econometric models:

tfpijt = �0 + �1IMP_shWjt + �j + �t + �ijt (18)

where tfpijt is the log-productivity of �rm i operating in industry j at time t while i and

�j are respectively industry and time �xed e¤ects. IMPzjt allows us to taking into account

heterogeneity of in�ows by activity excluding the common potential time trend. The same

speci�cation has been conducted with IMP_shWjt lagged one period

Then, di¤erentiating import shares by the intensive (Int_marzjt) and extensive (Ext_marzjt)

margins of trade according to eq(2) and eq(3), we have introduced a di¤erent econometric model:

tfpijt = �0 + �1Int_marzjt + �2Ext_marzjt + i + �t + �ijt (19)

19The path displayed by the Aosta Valley region might be due to the small number of observations
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where i and �t are now �rm and time �xed e¤ects.

Finally in the third step, weighing trade of an industry with its own demand and in order to

take into account the increasing availability of intermediates from abroad, we have introduced

a de�nitive econometric model:

tfpijt = �0 + �1H_impzjt + �2V_impzjt + i + �t + �ijt (20)

where the log-productivity is tested against the measure of horizontal import penetrationH_impzjt

of eq(4) and vertical import penetration V_impzjt of eq(6) with �rm and time �xed e¤ects.

4 Results

4.1 Main Results

Table 12a and 12b contain the main results of the analysis, obtained from the estimation of

eqs(18, 19, 20). The Breusch-Pagan test rejected the Pooled OLS as a possible estimator,

while the Hausman test identi�ed �xed e¤ect estimator preferable in this case to the alternative

random e¤ect estimator. The �rst two columns of Table 12a report the estimates20 using import

shares by industry from world, with the second one which lags import shares by one period to

control for potential endogeneity of trade measures. In the latter case a greater openness seems

to a¤ect productivity at industry-level with a 1.21% increase at the margin.

20Hereafter, when estimation strategy implies the using of a log-level functional form with a ratio as independent
variable, recovered semielasticities are used to compute marginal e¤ects, which are then reported as estimates.
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In succeeding columns trade margins by partner are lagged one period as before and, since

we perform a regression on micro units using mainly aggregate variables as covariates (at the

industry level), we control for the potential downward bias in the estimated errors by clustering

the standard errors for all �rm-level observations. In this case, once considering intensity of

trade, a general negative e¤ect arises with the enhanced intra-industry competition implied by

considering the imports belonging to the precise and detailed economic activity of a single �rm,

with the exception of trade with New Members of European Union. where probably a certain

degree of integration by o¤shoring activities is in operation. Increasing trade in varieties, within

the same economic activity, are on average not signi�cant for �rm productivity if we consider

both EU-15 and emerging countries. Signs are instead opposite when considering USA and New

Members. An increased number of varieties from US, probably substitutes of domestic ones,

have a negative e¤ect on productivity, whereas new varieties coming from New Members have

a positive e¤ect on �rm performance, once again a clue of intra-industry o¤shoring.

Column 1 of Table 9b presents the results of the model using import penetration indexes

from the entire world. As clearly shown in eqs(4, 6), both horizontal and vertical ratios take

into account production and exports, weighing detailed import �ows by domestic demand. As

it can be seen from estimates, then, horizontal import penetration ratios display a positive and

signi�cant coe¢ cient, revealing however a quite small e¤ect in absolute value. An increase in

horizontal import penetrations, ceteris paribus, would result in an increase of productivity of

around 0.05% at the margin. Also the coe¢ cient attached to the import penetration in the

up-stream industries is positive and statistically signi�cant. However, most notably, its absolute

value is sensibly higher: an increase in the "vertical" import penetration would result, ceteris

paribus, in an increase of productivity by 9.8% at the margin.

Columns 2 to 6 report the results obtained running the same speci�cation over the same

group of countries of the previous speci�cation. In Column 2 we explicitly test for the e¤ects

of the EU single market, limiting the calculation of import penetration indexes to the EU-15

countries. As it can be seen, both trade measures are positively and signi�cantly associated

to productivity gains, with the coe¢ cient of horizontal import penetration once again smaller

as when world trade is considered. In Column 3 we repeat the same exercise considering the

Italian trade with the United States. Surprisingly, the latter analysis reveals that an increase

in horizontal import penetration from the US is not signi�cantly associated with an increase in

productivity of Italian �rms. Having conducted the same speci�cation on a more aggregate level

of import penetration (3-digit level) we found even a negative impact, maybe coming back to the

result previously decribed in the case of extensive margins, where new varieties are suspected

to be substitutes and in competition with domestic ones. Even US vertical import penetration

does not display in�uence on TFP. Moving to the impact of Italian trade with the New Member

States (Column 4), the results are in line with the ones obtained at the world level, and the same

is true when considering trade with BRICs (Column 5). Concentrating on the impact of Chinese

competition (Column 6), we can also see that trade with China eventually has a positive e¤ect

on the productivity of the Italian �rms both if we consider the industry to which a �rm belongs
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and if we consider the advantages coming from trade in intermediates. Even if this �nding is

not surprising for economists, it often is not so straightforward for policy-makers.

In Table 13 we analyse in more details our �ndings, interacting the trade measures with some

characteristics of �rms, in particular a dummy signalling whether the Italian �rm is controlled by

a multinational group (FOR_MNE), or whether the same domestic �rm is a parent company

with a participation abroad (DOM_MNE)21. All these �rm-level characteristics seem to be

positively correlated with productivity. In particular, Column 1 shows how foreign a¢ liates

display a productivity which is around 23% higher than the average �rm, while Italian �rms

with participations abroad seem, on average, to be 19% more productive than the other �rms, in

21 In this case, we introduce in the speci�cation industry �xed e¤ects, since �rm e¤ects are now captured by the
FOR and DOM dummies.
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line with the results of a vast literature on the productivity premia attributable to international

�rms.

When we interact these �rm characteristics with our trade penetration measures, we �nd that

foreign a¢ liates seem to take relatively less advantage than the average domestic �rms from an

increase in world trade penetration (Column 2), a clear indication that FDI in Italy tend to follow

a market-seeking attitude, substituting trade with local presence. A similar �nding is obtained

for the Italian �rms with a participation abroad (Column 3), a �nding consistent with the fact

that multinational groups in general tend to exploit di¤erent trade channels than the average

domestic �rm. Interestingly enough, however, when interacting the FOR or DOM dummies

with the trade penetration within the EU-15 countries (Column 4 and 5), we have found that

both domestic and foreign multinational �rms operating in Italy do seem to bene�t relatively

more from horizontal penetration from other EU countries with respect to the average �rm.

The latter �nding is again consistent with the idea that the advantages of market integration in

Europe tend to be accrued relatively more by larger, international �rms.
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4.2 Robustness checks

In order to verify the accurateness of these results we performed some robustness checks. First,

we employed di¤erent measures of productivity. Columns 1 and 2 of Table 14 report the results

obtained when using alternatively the TFP obtained using, respectively, OLS estimates of the

production function coe¢ cients and labour productivity, measured as value added per employee.

The results are qualitatively the same, with only a slight di¤erent in the point estimates with

respect to Column 1 of Table 12b, our benchmark speci�cation.

Columns 3 to 5 in Table 14 report a second set of robustness checks, running the speci-

�cation in �rst di¤erences for all the previously discussed productivity measures, thus wiping

out unobserved �rm heterogeneity22. Event through such a more demanding speci�cation, the

results are virtually unchanged, with only the e¤ect of horizontal import penetration slightly

less signi�cant.

Another concern is related to the time-varying nature of the I-O import coe¢ cients used

to build the vertical import penetration ratio variable, since the latter might be endogenous to

trade shocks and productivity23. To this extent, Column 1 of Table 15 reports the results that

are obtained using the I-O import coe¢ cients of 1996 (i.e. the starting period of our sample).

The results obtained are almost identical, with only slight changes in the point estimates.

In Column 2 of Table 15 we have tested whether the results change using a di¤erent ag-

gregation for our horizontal trade measure (at NACE2 rather than NACE4), since the lack of

observation at this �ner industry level might induce a systematic bias in our estimates. In Col-

umn 3 we report the results recalculating instead the trade penetration index excluding exports,

i.e. bounding the index between 0 and 1, to test for the sensitivity of our coe¢ cients. The

results are qualitatively the same, with some slight di¤erences in the point estimates. However,

our main result of a large di¤erence in the impact of the two import penetration indexes on

productivity in favor of the vertical one is not altered.

Finally, as for trade orientation, we have controlled for a potential bias induced by technology

gap among trade partners weighing import penetrations (both horizontal and vertical ones) by

a country index based on yearly GERD (Gross Expenditure on Reasearch and Development)

taking US as benchmark. These indexes, interacted with import penetrations, should allow us to

catch the distance to technology frontier. Point estimates of horizontal penetrations in Table 16

are very similar to those in Table 12b, whereas coe¢ cients for vertical penetrations are slightly

lower but maintain signi�cance and order of magnitude, from EU15 to China.

22 If �rm-speci�c �xed e¤ects are spuriously correlated with other covariates, the latter might lead to potentially
inconsistent estimates.
23 It could be the case that a trade shock which increases productivity in an upstream industry leads over time

to a more intensive use of inputs from the same industry.
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5 Conclusions

We have tested the impact of import penetration and trade margins on productivity using a

sample of roughly 35,000 Italian manufacturing �rms operating in the period 1996-2003. After

considering the di¤erent impact of trade intensity and trade variety on productivity, in line

with the approach of the most recent literature, we have considered the e¤ect of both import

penetration in the same industry (competition-led productivity gain) and of import penetration

in the up-stream industries (to gauge the productivity gain led by better input availability).

After having obtained unbiased productivity measures through the Olley and Pakes (1996)

semiparametric estimation, we have regressed Total Factor Productivity on the two import

penetration ratios, controlling for �xed characteristics.

Three main results emerged from this analysis. First, we �nd that import penetration pos-

itively matters for productivity, with an e¤ect which is however di¤erentiatied if considering

within vs. across-industries (vertical) indicators. In particular, an increase in the import pene-

tration ratio of the same industry would result in a productivity increase that ranges from 0.5%

to 0.8% according to the TFP measure and the econometric speci�cation. An increase of the

import penetration ratio in the up-stream industries would instead increase average productiv-

ity by 9% to 12%. Second, both foreign �rms and domestic �rms participating in international

networks are on average more productive than the other �rms. The productivity premium of

foreign �rms ranges from 14% to 48% while the one of international domestic �rms ranges from

10.1% to 41% according to the TFP measure and the econometric speci�cation. We also �nd,

however, that import penetration alone does not explain much of the individual variance in TFP

levels, which is clearly (and not surprisingly) linked also to other relevant factors.
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Chapter III

Organizational Complexity of Multinational Groups and
Productivity

in an Enlarged European Union

1 Introduction

The alternative organizational modes of foreign production by multinational �rms constitute

an important variable in determining their relative performance. The choice to internalize some

value-added activities, the degree of diversi�cation, the size of investment and their worldwide

location are all decisions that allow multinational �rms to improve technical e¢ ciency, increase

pro�tability and more in general enhance competitiveness through a coordinated management

of production activities. On the other hand, the increasing fragmentation of value chains, with

�rms making �nal goods through multiple stages located in multiple countries, is a peculiarity

of the actual wave of economic globalization and it is testi�ed by both an increase in trade of

intermediate goods and a surge in foreign direct investment. Yeats (2001) noted that intermedi-

ates already accounted for 30% of world trade in manufactures, whereas o¢ cial aggregated data

for US and Japan show that around one third of trade �ows were due to bilateral shipments

from subsidiaries to parent companies (Helpman et al., 2008). More recent data for Italy have

shown that at least 48.8 percent of manufacturing exports and 53.2 percent of manufacturing

imports of foreign subsidiaries located in the country is due to trade within their own group

(ISTAT, 2008). It means that half of the trade generated from Foreign Direct Investment (FDI)

in this country should be considered intra-group trade. Through a sectoral analysis of US and

Japan data, the OECD (2002) also suggested that the increasing trend in both intra-industry

and intra-�rm trade is revealing of the establishment of vertical production chains, especially

with less developed countries.

In this paper, we explore one dimension of the vertical production chains, that is the com-

plexity of organization of international production within multinational business groups as rep-

resented by the complexity of the worldwide control chains, and link it to the performance of

their own a¢ liates.

By multinational business group we mean every multinational �rm composed by a head-

quarter that controls at least one a¢ liate located abroad, whereas by complexity of the control

chain we propose an index which ranges from zero to in�nity, namely from the case of a parent

company operating only one subsidiary in a foreign country to subsidiaries embedded in long

control chains rami�ed in di¤erent world regions. Matching balance sheet and ownership data

of subsidiaries with balance sheet and ownership data of parent companies, we are �rst able to

piece together control chains of multinational groups and then derive a continuous �rm-speci�c
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measure that we refer to as Global Index of Complexity (GIC) for organizational hierarchies de-

�ned by property rights. Relating this index to �rms�characteristics, we have three important

results.

First, we �nd that the simple a¢ liation to a business group implies a di¤erent �rm perfor-

mance. In particular, we observe that subsidiaries owned by groups with a worldwide presence

explained by a hierarchical complex structure are more productive than simpler groups, which

in turn are more productive than �rms owned by foreign individual shareholders, although the

relation becomes non monotonous for relatively higher levels of complexity. These results con-

�rm the evidence provided by Khanna and Palepu (2000a; 2000b) for business groups (whether

domestic or multinational) in emerging economies such as India and Chile, where they can al-

leviate market imperfections not only in �nancial markets (Chang and Choi, 1988) but also in

product markets, labor markets and technology.

Second, di¤erent from the results of Nickell and Nicolitsas (1999) for UK, we �nd that

�nancial pressure is negatively correlated with productivity, but that this pressure is softened

by the a¢ liation to a group whatever its size. Further considering the di¤erent organizational

modes of the �nance function by the group as a whole (Kuppuswany and Villalonga, 2010) and

the recourse to the stock exchange by single a¢ liates, we lean towards the hypothesis that the

better reputation provided by the a¢ liation to the group for credit loans is more e¤ective than

the possibility o¤ered by the development of an internal capital market in explaining a softening

of the �nancial constraint, especially for �rms in transition economies that require enormous

�nancial resources only partially provided by young credit markets that operate in a context of

information asymmetries (Konings et al., 2003).

The third result concerns a comparison between the performance of a¢ liates involved in the

production of intermediate products and the ones that adopt a traditional strategy of market-

seeking. The levels of productivity are on average lower for the a¢ liates that sell their stan-

dardized intermediate products to industrial consumers, whereas in the case of di¤erentiated

goods and services purchased by �nal consumers the a¢ liate is possibly able to apply a higher

markup because of a lower elasticity of substitution. Moreover, when the intermediate produc-

tion is controlled by a group with the development of an internal market for them, it is more

likely that the internal price is chosen to be more favorable to the group, with the di¤erence

a¤ecting the level of productivity. However, once looking at dynamics, i. e. the rates of growth

of total factor productivities, the di¤erence fades away and the bene�ts due to the a¢ liation to

a business group prevail.

The geographical and time span of our analysis is the European Union in the period before

and after the enlargement to Eastern Europe: the latter event can be used as a sort of natural

experiment since, besides the global tendency of falling trade costs and technological progress

that enables multinational �rms to fragment production internationally, enlargement has induced

an acceleration towards the creation of international value chains starting from a virtually FDI-

free environment, thus allowing for a good control of initial conditions. In particular, we restrict

our analysis to subsidiaries located in the new members of the European Union but owned by
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old members before the accession, with some insights on the relative performance of German

and Italian groups. These two countries, indeed, are the two main investors in the area in

terms of number of subsidiaries but their groups adopt di¤erent corporate structures and their

subsidiaries report di¤erent results in terms of performance with respect to the average of old

members.

The paper is organised as follows: in Section 2 we present some stylized facts of the East-West

European integration, showing how this latter is essentially driven by the internationalization

of value-added activities. In Section 3, we describe the procedure adopted to build our sample

of international groups, splitted between parent company and foreign subsidiaries. In Section

4 we de�ne the boundary of the multinational groups and we introduce the Global Index of

Complexity, discussing some stylized facts related to this measure. The relationship between

group complexity, �nancial pressure and productivity is reported in Section 5, while Section 6

concludes.

2 Foreign production in New Members of EU and East-West integration.

Long before the European enlargement to ten new members of Central and Eastern Europe

(CEE) in 2004 and two others in 2007, trade �ows between Eastern andWestern Europe had been

increasing as the result of the gradual trade liberalization induced by the Europe Agreements in

the 1990s. At the date of accession, thus, only the formal adoption by the New Member States

(NMS) of the EU Common External Tari¤ remained to be implemented, with trade barriers

having already been progressively abolished during the accession negotiations. However, as

shown by Figure 1, the trend in the growth of trade within EU did not stop at the accession

date, but kept on increasing as economic integration in the enlarged single market acquired new

and deeper forms.

The volume of monthly trade �ows increased of a 119% rate in the decade from January 1999

to September 2008, the month after which we can observe a trade collapse as one of the e¤ects of

the �nancial crisis that let total exports shrink almost to the levels of 2004. Once decomposing

the trade in intermediate products and �nal goods according to BEC-SNA categories24, we note

that most of the growth of the last decade is due to the category of intermediate products which

are the ones that originate international production chains either as arm�s-length relationships

across di¤erent �rm nationalities or as intra-�rm trade for multinationals operating cross-border.

This simple stylized fact for the European Union as a whole is further con�rmed for the case of

accession countries by Figure 2, where a measure of foreign production is provided by UNCTAD

with aggregate �ows of Foreign Direct Investment crowding to these countries from the rest

of the world, both in million dollars and in percentage of the EU total. The steep path from

24BEC (Broad Economic Categories) is a classi�cation of traded products that takes into account the �nal use
of them. They are then aggregated according to SNA (System of National Accounts) categories that distinghish
between intermediates at di¤erent stages of production (primary, parts and components, semi�nished) and �nal
goods (capital and consumption). http://unstats.un.org/unsd/cr/registry/regcst.asp?Cl=10&Lg=1
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the beginning of transition showed an acceleration in 2004, the year of accession for ten New

Members, reaching a considerable amount of 75,660 million dollars in 2007 and an average 9% if

weighted against inward FDI destined to the Union as a whole. A �gure that shows convergence

towards the Western levels given the disparity in economic size from which they depart, since

they account only for 7% of EU GDP but collect 21% of the population.

Even though in 2008 the percentage of FDI aggregate stock in New Members reached only a

3.95% respect to world total stock, there is a strong degree of heterogeneity in FDI to GDP per

capita stock indices, till a peak of more than 80% for small open economies such as Bulgaria,

Hungary, Estonia and Malta which are well above an average of 55% for the entire region.
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Given these trends in FDI �ows, it is interesting to restrict the focus of analysis by category of

investment. In the same Figure 2 we have also the relative importance of cross-border M&A�s,

which are one possible form of entry in a host country with a foreign economic activity, i.e.

brown�eld investment through the acquisition of an incumbent �rm in the local market that

excludes the green�eld investments and reinvestment of earnings. Even if at the beginning of

2000s the percentage of M&A�s value covered almost the entire amount of FDI crowding to the

region, newly-found a¢ liates and reinvestment of earnings from previous activities represent the

bulk of the �ows for the rest of the period, especially in the recent years after the accession.

A combined reading of Figures 1 and 2 provides �rst evidence of an economic integration

based on the creation of international production chains driven by the establishment of multi-

national �rms in New Members of the European Union that are able to trade in intermediate

products with the rest of Europe, either destined to the internal market (within the group) or to

other industrial consumers for further stages of production before reaching the �nal consumers.

3 The boundary of the Multinational Business Group

Following a widely accepted de�nition (Dunning and Lundan, 2008), we de�ne a multina-

tional �rm as an enterprise that controls value-added activities in more than one country and

we consider a foreign investor as an individual, an enterprise or a government that operates in

a country other than the country of residence with a lasting interest (OECD, 1996). There is

a slight but important di¤erence among the two previous de�nitions that arise concerns about

the delimitation of a boundary for foreign production. If in the �rst case we would have a

clear example of a hierarchy created for the coordinated management of �rms (or branches) as

an alternative to market horizontal relations, in the second case the "lasting interest" of the

investor does not imply control of management decisions, even if a considerable in�uence on an

economic activity is always to be taken into account, and also it does not require the presence

in di¤erent countries. Essentially, in the �rst case we would have a clear-cut case of internal-

ization of foreign activities in order to minimize transaction costs (Williamson, 1985; Gatignon

and Anderson, 1988; Hennart, 2000), whereas a foreign direct investor can be distinguished by a

portfolio investor for the duration of the interest, this latter a wider de�nition that includes also,

but not only, the case of internalized activities. From an empirical point of view, the concerns

arisen are twofold: a) the �rst is a problem of threshold: which is the level of equity participation

and/or voting rights that allows to de�ne control within the hiearchy of a Multinational Firm?

b) Second, how should we consider the case of �rms owned by foreign individuals?

The �rst question has no straight answer, since control is de�ned in relation to the degree of

other shareholders�participation25 and can be rather considered �rm-speci�c. For example, in

the case of a public company, a minority share can allow control on the whole company either

because the rest of equity is fractioned among unorganized shareholders or, as it is sometimes

25Or eventually by monopsonistic relationships between suppliers and industrial customers, where the bargaining
power of a unique customer is such to de�ne control.
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the case for �nancial funds, the majority is not interested in the management but considers the

investment essentially as a portfolio activity. The commonly accepted FDI threshold of 10% can

then be considered too low or too high once looking for control, according to �rm-speci�c consid-

erations. Here we follow the consolidated experience of the international accounting standards

(IAS/IFRS) and proxy control above a threshold of 50.01% of direct or indirect participation.

In theory, a trade-o¤ emerges when dealing with subsidiaries belonging to more groups: com-

pleteness of the control chain (boundary of the group) would call for a double counting of them

by di¤erent groups, while a complete partition of the subsidiaries among groups would call for

their belonging to only one single group. A threshold of 50.01% would seem more appropriate

for the case in hand, but it could exclude some a¢ liates leaving them outside the boundary

of any group and introducing a potential selection bias. We will control in the next sections

if results change in case we include double-counting of �rms with a lower threshold of 25.01%,

that however in our sample account only for about 1%.

As for the �rms that are considered foreign because they are directly owned by residents in

another country, we split these FDI in two di¤erent subcategories: the �rst one is considered a

multinational group when at least another �rm is owned by the same individual and is located

in another country, the second one is simply considered as originating an individually(or family-

)owned internationalized �rm but not belonging to a group.

More brie�y, we de�ne a Multinational Business Group as a set of at least two companies

located in di¤erent countries and linked by a common control as de�ned by property rights

above 25.01%. Adopting this criterion, and employing the Amadeus database by Bureau van

Dijk26, we are able to identify more than 129,114 globally-active groups in the European Union,

of which only 30,301 have two or more subsidiaries abroad, the majority being represented by

one foreign subsidiary owned by a parent company located in one of the EU members.

Within this wider set of companies we restrict our analysis to the European groups that,

having their ultimate owner in one of the EU-15 countries, locate their a¢ liate(s) in at least one

of the New Member States27. The period considered for the sample is 1998-2006, an interesting

period for the progress of economic integration within European Union, when accession of New

Members was �rst prepared and then implemented, but also when the euro was adopted as

a single currency. Both events concur in fostering the creation of intra-European production

networks.

The recent availability of ownership data lets us trace the whole control chain of each com-

pany, allowing us to match every subsidiary with the ultimate owner, up the chain, which

ultimately controls the whole group to which the single subsidiary belongs.

Matching ownership data of ultimate owners with their subsidiaries, we have obtained a

sample where, together with balance sheet data of every subsidiary, we have merged either the

balance sheet data of the ultimate parent company in EU15 or some other ownership data of

26Amadeus by Bureau van Dijk collects more than 8 million European companies in ... countries.
27Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia and Slovenia on 1st

May 2004; Bulgaria and Romania on 1st January 2007.
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the foreign owner in case of individual ultimate ownership.

The sample includes �rms engaged in every economic activity classi�ed in NACE rev 1.1 at

4-digit codes, i.e. it also cover services. Table 1 provides a description of the sample in terms of

nationalities and numbers.

Among EU15, Germany and Italy are the countries that, as our sample data show, host

together parent companies which owns the majority of subsidiaries located in New Members,

23.77% and 29.72% respectively. More than German ones, Italian subsidiaries in New Members

are in general individual(or family)-owned (97.3% of the Italian sample), with only 67 parent

companies that own an average of 2.61 subsidiaries each. Here Sweden, Denmark and Luxem-

bourg are the only old members of EU that have more corporate-owned than individually-owned

subsidiary. In the case of Luxembourg, however, the data show that most of ultimate parent

companies are often legal entities located in the country because of tax exemptions, but with

clear foreign (di¤erent from Luxembourg) nationality.

4 The Global Index of Complexity (GIC)

In order to derive a synthetic measure of organizational complexity of the multinational

network, we borrow from graph theory. Graph theory has among its scopes to observe and

measure mathematical similarity of objects with a multidimensional nature and represent them

in a graph form. Figure 3 is an example of a theoretical graph with its nodes and edges, where the

�rst are elements of a more complex system connected together by the second ones in di¤erent

and alternative ways.
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From the draw of anorganic molecules to the representation of a �le system on a computer,

complexity of natural and social systems can be measured by some form of entropy tailored

to the speci�c objects of analysis. Here we adapt a measure for entropy of hierarchical graphs

(Emmert-Streib and Dehmer, 2007) to the measurement of the complexity of control chains of

business groups operating abroad.

A hierarchical graph is any �at graph to which at least one parent node is added to assign

functions to the other nodes (Palacz, 2003). In our measure, the nodes of the graph are the

subsidiaries and the edges are represented by control participations. Hierarchical graphs are

generalizations of tree graphs: if the latter ones provide for only one vertex from which several

arms depart as in a tree but two di¤erent nodes are connected by only one edge, the hierarchical

graphs allow for di¤erent ultimate vertices that can be directly or indirectly connected through

several edges. Given the concept of hierachical graph as de�ned above, the adoption of it to

represent a �rm hierarchy as de�ned in transaction cost economics seems even obvious, whether

it represents the organization chart of a single �rm, its division in branches or the agglomeration

of a¢ liates coordinated by a headquarter as in our case.

The algorithm we use to measure complexity of corporations requires a previous step in order

to identify the boundary of the multinational group following the discussion of the previous

paragraph and adopting the notion of control to determine the economic space that belongs

to the �rm. As international economic literature has often showed when analyzing spillover

e¤ects, in�uence on the management of a �rm is possible with lower participation and in fact,

it is not necessary to have complete control on a subsidiary to exert in�uence on management

or to contribute positively with knowledge and experience. To the extent, following IAS/IFRS

accounting standard, we have opted for a minimum threshold for direct or indirect control
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participation of 50.01%, since our objective is to trace the e¤ects of hierarchical coordination.

The consideration of cross-participations, i.e. the indirect participation of the headquarter

through the stakes belonging to other a¢ liates within the group, allows to take into account the

e¤ective control exerted by the headquarter on the management of a single subsidiary.

Once we have identi�ed the boundary of the Multinational Business Groups, we are able

to draw the control chain of every corporation as in the example depicted in Figure 3, where

the coloured objects represent nodes/subsidiaries belonging to the complex system of a single

business group, whereas the other nodes can represent another business group interlinked with

the �rst one. The draw clearly shows how mobile can be boundaries between groups: the

exclusion of subsidiary 13 and the inclusion of subsidiary 9 in the �rst group, for example, is

determined solely by the combination of control threshold and cross-participations.

There are however several dimensions that have to be considered for every group having at

disposal the whole control chain : the number of nodes, in this case clearly linked to subsidiaries;

the number of edges, in our case given by the control links; and the number of levels, represented

by the vertical distance of subsidiaries from the ultimate owner.

The simplest version of a Global Index of Complexity (GIC) we propose is able to summarize

the information content given by those dimensions in a unique numerical variable that can

be �tted both to groups spreading their economic activity worldwide and to simple groups

constituted by one parent company owning one subsidiary abroad. Given the scope of our

analysis, we assume that domestic subsidiaries are all collapsed at level 0, with no distance from

the parent company28. The Index thus assigns a discrete probability distribution P : L! [0; 1]

to every level l, where probability is pl =
nl
N with nl number of nodes on level l and N total

number of nodes:

GIC =

LX
l = 1

pl log (1=pl) =

LX
l = 1

nl
N
log

�
N

nl

�
(1)

As such, the index ranges from zero, when a parent company operates all subsidiaries in a

foreign country29 at the same level l, to in�nity. The higher the index, the more rami�ed are

the control chains that have to be covered before reaching the �nal objective of the coordinated

management decision. The logarithmic weight with base 2 assigned to the probability term of

every level increases the measure of complexity (marginal complexity) when more subsidiaries

(nl) are included such that:

@GIC

@pl
< 0; with nl 2 N and nl > 1 (2)

28An alternative method can include all domestic subsidiaries in a level one, without regard of the actual
level given by control links, and then beginning with foreign subsidiaries from level 2. The additive property
of the Index allows then a decomposition between domestic and global complexity, once a complete partition of
subsidiaries on levels is made.
29The Index is not monotonically increasing in the number of subsidiaries since we are interested more in the

combination of subsidiaries and property passages that leaves room for complexity in the coordination procedure.
The more the contemporary combination of nodes and levels you have to go through to implement a managerial
decision, the more the di¢ culty to drive a bargain among con�ictual stakeholders. See for example for a reference
on minority shareholders
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but with @GIC
@2pl

> 0, hence a decreasing marginal complexity in nl number of subsidiaries for level

l. This latter characteristic of the measure we adopt for complexity is consistent with the idea

that, after an initial �xed cost substained by the parent company to implement a governance

for the whole system, a marginal increase in the complex structure of the system would cost less

and less to the parent company thanks to economies of scale.

The GIC is also increasing in the number of levels given that a new level would add another

term to the sum, but this formulation of the Index does not discriminate among subsidiaries

belonging to di¤erent levels, that is @GIC@pm
= @GIC

@pn
for m 6= n two di¤erent levels when m < n.

The complexity that another subsidiary adds to the general complexity is not di¤erentiated

for the level it belongs. To do it, we can give a penalty additional weight to the probability

distribution of levels more distant from the parent company. We could thus rewrite another

version of Index:

GIC� =
LX
l

l
nl
N
log

�
N

nl

�
(3)

where as before l 2 N is the level/distance from the ultimate parent company that is now taken

into account in the incremental complexity, since @GIC
@pm

> @GIC
@pn

for m < n.

Here the rate at which marginal complexity decrease with the acquisition of subsidiaries

depends on the combination of number of subsidiaries already at that level and the number of

levels itself.

The choice between the simple Global Index and its augmented version should depend on

considerations about the control that ultimate parent company have on more distant subsidiaries.

Another way to stress the distance (or complexity) could be the explicit introduction of

the edge entropy in the measure, for example if we considered cross participations as a further

dimension in the Index, or also if we wanted to count how many intra-�rm trade connections

are present within the group and their thickness. In the �rst case, as we have mentioned above,

an a¢ liate can be �nally owned through direct participation (held by the headquarter) and

indirect cross participations (held by any other a¢ liates in the control chain) and the control

participation should take into account both. But a proliferation of edges, i. e. the direct

or indirect property links among members of the group, could be another factor determining

complexity in the coordination of the Multinational Business Group that makes enforcement

of management di¢ cult the more distant the a¢ liate is considered in terms of property rights.

We would have a joint probability distribution pij = pei � pnj , such that pei =
el
E and pnj =

nl
N ,

with el number of edges at level l and E total number of edges in the graph and the simple

multiplication of the two events�probabilities to indicate that they are mutually independent.

The Index in this latter case would be:

GIC�� =
LX
i

LX
J

pij log (1=pij) (4)
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@GIC

@pij
< 0; with nl; el 2 N and nl > 1; el > 1 (5)

with a decreasing marginal complexity in both nodes and edges, provided that we have at

least one subsidiary and one control link on each level.

However, given the scope of our analysis, the combined consideration of a threshold and cross-

participations at a preliminary step for the boundary su¢ ces to single out controlled a¢ liates

and their performance in relation to the size of the group, whereas this latter version of the

Index would be useful to measure hierarchies that �ow into some form of alliances (i. e. hybrid

form of organization between hierarchies and markets) with some participations well below a

control threshold but a certain degree of in�uence in management decisions. Of course in this

latter case we would have no perfect partition of subsidiaries among �nal headquarters, but very

rami�ed graphs where connections (edges) gradually fade out.

Interesting to mention, we think that this index would be also useful in the case of intra-�rm

trade, where one would have a measure of the integration of activities within the group based

on the number of exchanges of intermediate products among a¢ liates. A hint on the degree of

vertical integration of the group in the production process.

Applying our Index to the sample of subsidiaries and global ultimate owner described in

Section 1, with a threshold for control participation at 50.01 percent, we have a GIC for parent

companies located in EU15 and we can attribute this variable to 3819 subsidiaries located in the

New Member States. As Table 1 shows, 18,392 �rms have an individual ultimate owner and do

not have an Index of Complexity, i.e. they fall into the category of foreign individually owned

�rms as discussed in Section 3. An in-depth analysis we have conducted on the ownership data

has demonstrated that 92.9% of sample subsidiaries that are ultimatelly owned by individuals

are also immediately owned by individuals, i.e. there is no control chain to consider for them.

For the 7.1% remaining we cannot retrieve ownership data for ultimate owners.

A �rst useful exercise able to show investment strategies for corporate groups investing in

New Members of EU is the decomposition of the GIC according to world regions. What we

do is a separate calculation of the Index within a world region, isolating it from rest of the

world30. Results are shown in Figure 4. Two interesting remarks emerge from this exercise.

The �rst one is that sample groups are well rooted in developed countries, as from average

GICs indicate: other "EU15" countries (di¤erent from country of origin), "North America",

"Oceania"(essentially Australia and New Zealand) and "Rest of Europe" (countries not members

of the EU) display thicker distributions. Instead, EU groups have a simpler corporate structure

in less developed countries: "Latin America", "Far East and South-East Asia "(including China

and India), "Middle East and Africa". Complexity in New Members sat between that registered

for developed countries and that portrayed for less developed countries. The second remark is

that, more than the geographical distance, data suggest a relationship between the development

30This exercise obviously excludes one-parent-one-subsidiary structures given that, if present, they had the
unique subsidiary in New Member States due to the initial selection of the sample
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of a hierarchy with a complex production network of subsidiaries and the quality of institutions of

the host countries that should be further investigated. Beyond our sample, a �rst investigation

on European business groups investing abroad has shown that the one-parent-one-subsidiary

strategy is the most preferred in emerging countries. In particular, out of the 129,114 globally-

active groups monitored within the EU, there are only 1,213 groups that have invested in China

or India and 960 of them have invested in both China or India and the NMS.

In Figure 5 we present another interesting exercise, showing the kernel density (log) esti-

mation for the complexity distribution of EU15 sampled groups, �rst confronted with German

ones alone and then with Italian ones. The most simple complexity is given by a one-parent-one

subsidiary control chain: looking at the thick left tails of the distributions we see that many

groups operating in New Member States adopt this ownership structure, while this is relatively

less the case for Italian and German groups, where however, as we have seen in the previous

section, the bulk of �rms are owned by individuals with no control chain (not reported in this

�gure). The other peak of the EU15 and German distributions is in the middle, with a not

so high global complexity, with German groups that pull the average EU15 curve up. Italian

groups are instead either relatively small or relatively large, with a striking absence in the center

of the distribution of middle-complex groups.

The �rst important preliminary result we �nd, once di¤erentiating between subsidiaries

controlled by a group and �rms controlled by foreign individuals (see Section 3 above), is that

the simple a¢ liation to a corporate group, whatever his complexity, is related not only to higher

productivity, but also to higher �rm size and pro�tability.

In the following Table 2 we calculate the performance premia of a¢ liates owned by corporate

vs. individuals or families: in the �rst column we adopt a simple OLS, while in the second

column we include industry �xed e¤ects in order to correct for possible correlation of �rm-level

measures with industry characteristics. Firm-level productivity is given by estimates of TFP
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according to the Levinsohn and Petrin (2003) methodology31 (see Appendix for details) and by

labor productivity proxied by value added per worker and turnover per worker. Firm size is

proxied by both number of employees and turnover, whereas pro�tability is represented by the

pro�t/loss before taxation from the balance sheet.

On average, for subsidiaries located in the New Member States owned by EU15 residents,

the a¢ liation to a group means a 90.7% di¤erence in terms of TFP, with labor productivity

even higher. Group-owned subsidiaries are on average fourfold bigger in terms of turnover,

but also more than twice bigger in terms of employees and three times more pro�table. As

for pro�ts, prudence is required because the favorable taxation in the countries of enlargement

could have given incentive to the phenomenon of transfer prices which can cause displacement

of pro�ts within the group, a phenomenon that can not take place in our control subsample of

individual-owned subsidiaries.

31The identi�cation of a sectoral production function and a �rm-speci�c residual for TFP has required the
consideration of all the �rms (including domestic ones) in every New Member country and every sector included
in the original dataset for a total of about 2 million �rms with data on capital, labor and intermediates provided
by the Amadeus database by Bureau van Djik.
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The higher performance of foreign a¢ liates with respect to �rms owned by foreign individuals

could be attributed to higher managerial pressure and/or to speci�c and standardized production

and management processes experimented in other a¢ liates of the group. Especially the latter

could be a quali�cation of what we generally refer to spillovers. Even if economic literature

has showed that foreign-owned �rms are more productive than domestic ones due to knowledge

spillovers, the codi�cation of them within a business group should allow a faster and better

circulation whereas family-owned businesses, in which knowledge tends to be less codi�ed, are

less able to let spillovers circulate worldwide. As we will see in the next section, the international

boundary of the group has its importance in the circulation of experiences. Size premia are even

larger than productivity premia and this di¤erence could be explained by the greater availability

of resources that subsidiaries of corporate groups typically enjoy with respect to constraints that

individually owned subsidiaries have to face.

A second important result is that the nationality of the parent companies seems to matter.

Confronting German and Italian subsidiaries on productivity, �rm size and pro�tability, we

observe that German-owned �rms perform better than Italian ones on average. That is what we

report in Table 3, with the same methodology as before, but with the premium now calculated

in terms of German vs. Italian ownership, for both types of ownership (corporate vs. individual

or family-owned). Of course here the di¤erence is to be attributed to organizational talents that

owners and management of di¤erent nationality bring with themselves from home country.

German-owned �rms are more productive, 22.3 percent if individually-owned and 29.2 if

group-owned when we take TFP levels. Once controlling for industry �xed characteristics, also

labor productivity is higher for German subsidiaries, with a ratio higher in case of individually

owned �rms that are 32.2 percent more productive than Italian ones This latter result could

be in part explained by the fact that we know from our sample that German subsidiaries are

usually more capital intensive with an average ratio between capital and labor of 238,000 euro

for Germany and 183,000 euro for Italy. With a more capital intensive production process,

ceteris paribus, a �rm will register higher marginal labor productivity and lower marginal labor

productivity. In fact, for German-owned �rms we register a capital productivity, calculated as

value added on �xed assets, which is 21.1 percent lower than Italian-owned �rms. Size and

pro�tability show premia for subsidiaries with a German ultimate owner which are almost twice
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as large in case they are corporate-owned.

5 Productivities, organizational complexity and �nancial pressure of for-
eign subsidiaries

Once having determined a ranking of productivity, and a correlation between type of cor-

porate control and �rm performance, it is worth further exploring this relationship in order

to understand whether corporate ownership per se, or rather the characteristics associated to

corporate control, namely the complexity of the group and �nancial pressures, matter for pro-

ductivity.

We have already treated in Section 4 our proposal for the measurement of groups�extension of

hierachical organization, the GIC in its �rst augmented version that takes into account a penalty

for farther levels of distance from the headquarter. From the point of view of transaction cost

economics the GIC can be also considered as the size of the group, i.e. the extent to which

the Multinational Business Group has internalized value-added activities. A measure to be

confronted with the size of the a¢ liate itself at the beginning of the period (sizeit�1) and the

size of the ultimate parent company at the beginning of the period (Sit�1), in order to have a

complete overview of the e¤ects of internalization processes on productivity. For the �nancial

constraint instead, we prefer to adopt the measure suggested by Nickell and Nicolitsas (1999),

through a �rm- and time-speci�c ratio:

FPit =
interest_paymentsit

profit_before_taxit + depreciationit + interest_paymentsit
(6)

which is based on the cost of the credit rather than on the level of indebtness and/or lever-

age as done in other studies (Desai et al, 2008), since we argue that levels here could be the

object of a speci�c �nancial strategy whereas the real cost paid for this strategy is the price

that conveys information on the position of the �rm on �nancial markets. Unfortunately we

don�t have data to measure the extent and the development by multinationals of an internal

capital market since our �rm-speci�c interest_paymentsit can comprehend both interests paid

to external resources and �nancial expenses for intra-group loans. We try however to verify if

the recourse to the stock exchange (a dummy quotedi that equals 1 if the a¢ liate is quoted)

has an e¤ect on the �nancial constraint and, following Kuppuswamy and Villalonga (2010), if

the specialization of the group in �nancial activities (a dummy financial_groupi that equals

1 if the headquarter is specialized in �nancial activities32 and/or the majority of subsidiaries is

involved in �nancial activities) is the cause of a softening of the �nancial constraints. A binary

variable group_controli separates the dataset between �rms that are controlled by a group and

individually owned �rms, whereas another binary variable intermediatesi disentangle between

32A �nancial activity here excludes the mere holding activity and administration of the group subsidiaries
(NACE rev. 2, code 7010)
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core activities involving the production of intermediate products (whether destined intra-group

or to other industrial customers) and production of �nal goods and services33.

We �rst estimate the following speci�cation for Total Factor Productivity levels of all the

�rms included in the dataset:

ln(TFPit) = �0 + �1 � ln(sizeit�1) + �2 � (FPit�1) + �3� � group_controli +

+�4 � group_controli � (FPit�1) + �5 � quotedi +

+�6 � quotedi � (FPit�1) + �7 � financial_groupi +

+�8 � financial_groupi � �9 � (FPit�1) + intermediatesi +

+�10 � intermediatesi � group_controli + �h + �j + �t + ui + �it (7)

The results are reported in the �rst column of Table 4, where we adopt a Hausman-Taylor

(1981) strategy with �xed e¤ects for industry (�j ), host country (�h ), time ( �t) and the

endogeneity through time of size (sizeit�1) is controlled instrumenting with �rm �xed e¤ects

(ui).

The preference of a Hausman-Taylor (1981) estimation model on both a Fixed E¤ects model

and a Random E¤ects model emerges as a result of a pre-estimation test proposed by Baltagi

et al. (2003). The use of such a model speci�cation allows us to introduce in our estimating

equation �xed individual characteristics, such as the corporate ownership, controlling however

for the correlation between some of these characteristics and the unobserved individual-level

random e¤ects. Following the pre-estimation strategy proposed by Baltagi et al. (2003), we

performed a dual Hausman test, the �rst one confronting Fixed E¤ects model and Random

E¤ects model, as we have just done before, and a second one comparing Fixed E¤ects and

Hausman Taylor with a coherent choice of regressors suspected to be endogenous after the �rst

test. If the result of the �rst test failed to prove consistency of Random E¤ects over Fixed

E¤ects, the result of the second test has instead provided a direction for the consistency of the

Hausman Taylor estimation strategy. As a further control on the correctness of the Hausman

Taylor choice, we also have performed a modi�ed (robust) version34 of the Hausman test as

proposed by Woolridge (2002), to avoid the shortcoming of the classical version that assumes

Random E¤ects model as e¢ cient, with �i and �it independent and identically distributed.

The coe¢ cient of �rm size here is negative and signi�cant meaning that larger �rms show

lower levels of productivity. But, considering the size itself as a control, we con�rm that group-

33RPI classi�cation of economic activities based on NACE rev. 1 4-digit codes.
34The robust version of the Hausman test proposed by Woolridge is based on the null hypothesis that after a

�rst partial demeaning of the speci�cation following Random E¤ects strategy, a further demeaning for individual
time �xed e¤ects is not signi�cant. From the following speci�cation:
yit � b�yi = (1� b�)�i + �(Xit � b�Xi) + (Xit �Xi) + vit

where b� is the estimated version of � = 1�q �2e
Ti�2�+�

2
e
,  is not signi�cantly di¤erent from zero.
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a¢ liated subsidiaries are 78% more productive, a result consistent with the preliminary evidence

reported in Table 2. Ceteris paribus, �nancial pressure has a negative e¤ect on productivity lev-

els, contrary to what Nickell and Nicolitsas (1999) found for UK but consistent with a transition

economies context where restructuring of �rms�activities is crucial to reach competitiveness and

it involves the employment of remarkable stocks of �nancial resources (Konings et al. 2003).

A Wald test for linear and non-linear hypothesis performed after the Hausman and Taylor

(1981) estimation has helped us to provide the speci�cation with the inclusion of a quadratic

term ( = 1; 2, respectively). Increasing levels of �nancial pressure have a proportionally in-

creasing e¤ect on TFP levels, i.e. the exposure to a harder and harder credit constraint makes

restructuring more and more di¢ cult. A result that makes sense and that opens up problems

of informative asymmetries in �nancial markets, where the cost of the credit substained by re-

structuring �rms is not related to the potential of the �rm itself, but to the collateral it is able

to provide. In fact, we have tried to include the total debt load in the speci�cation (debt on

assets), once controlling for �nancial pressure, but we have found it to be not signi�cant on the

levels of productivity. On the contrary, the positive and signi�cant coe¢ cient of the interaction

term between �nancial pressure and group control shows that �rms that are a¢ liated to a group

have a softer �nancial constraint, with �nancial pressure having a proportionally lower e¤ect

on productivity with respect to individually owned �rms. Unfortunately we cannot directly

infere from these results if the relief is due to the creation of an internal capital market within

the group or to a better reputation that an a¢ liate can provide as collateral when recurring

to external �nancial resources. We verify however that the quotation on the stock exchange is

neither among the determinants for the softening of the constraint nor a feature that suggests

higher levels of productivity. Adopting instead the strategy of Kuppuswamy and Villalonga

(2010), a striking result emerges for groups that have a¢ liates and/or headquarters involved in

a professional �nancial activity (di¤erent from simple holdings). Here we have that they are on

average 18% less productive than the ones that are owned by other groups with no prevalence

of �nancial activities. Indeed these latter should be more interested in the integration of their

subsidiaries in international value chains rather than in exploiting dividends as for any other

�nancial investment, hence the exchange of best managerial procedures that could explaing the

productivity premium. It is in fact clear from the data that most of the �nancial groups we

can identify are essentially �nancial funds and there is also no evidence of a di¤erent credit con-

straint for a¢ liates belonging to them. A di¤erent reasoning applies to the noteworthy result

for a¢ liates involved in the production of intermediates that are on average 18% less productive

and even less in the case of group a¢ liation. The lower level of productivity can be due to the

relative standardization of intermediate products destined to industrial consumers with respect

to the provision of di¤erentiated �nal goods and services purchased by �nal consumers. In the

�rst case a greater elasticity of substitution could determine a lower markup, hence a lower

price that in the case of an a¢ liate selling within its own group it is also an internal price more

favorable than a market one. The interaction term between group-control and intermediates

production con�rm this latter expectation.
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Restricting our analysis only to group-owned a¢ liates we estimate the following speci�cation

for which results are reported in the second column of Table 4:

ln(TFPit) = �0 + �1 � ln(sizeit�1) + �2 � ln(Sit) + �3 � ln(FPit�1) + �4 � ln(GICi) +

+�5 � ln(GICi) � (FPit�1) + �6 � quotedi + �7 � quotedi � FPit�1 +

+�8 � fin_groupi + �9 � fin_groupi � FPit�1 + �10 � intermediatesi +

+�h + �j + �t + ui + �it (8)

In this case we substitute the binary variable that showed a¢ liation with our group size

measure, the GICi in the second augmented version of Section 435 and we also control for the

size of the ultimate parent (Sit�1). Results show that a¢ liation to a more complex hierarchy is

associated to higher productivity levels. In line with what transaction cost economics argues,

the bene�ts of a bigger hierarchy could range from an enhanced exporting activity due to intra-

group trade, to superior managerial practices, access to standardized and codi�ed technologies,

better market information with respect to �lonely knights�or better access to �nance, thanks

for example to a better reputation and to the support of a network of relations collected by the

group. The relationship with productivity is however not monotone, with subsidiaries owned by

medium-sized groups bene�ting more from the a¢ liation to a global network than subsidiaries

belonging to very complex groups. The results actually allow for the computation of a complexity

threshold at 2.41 (the exponential of 0.88), below which bene�ts are de�nitely positive. From

Figure 5, where we showed the k-density log distribution of complexity of EU15 business groups

operating in New Member States, we can see that the threshold is set more or less in the middle

with respect to the existing groups, that we however remember are only the groups investing in

New Members for which we calculate worldwide complexity. In particular, we see that 59.5%

of group-owned subsidiaries belong to networks below this threshold. If we separately consider

German and Italian groups operating in the new member States we can moreover notice that

the median and mode of our GIC index for Germany are set below the threshold, whereas

the Italian distribution is relatively �at within the same range. From the subsidiary sample,

about 54 percent of Italian subsidiaries belong to networks that show a complexity above the

threshold, whereas the �gure for Germany is only 23 percent. Hence, right where the complexity

bene�ts more, Italian groups are relatively less present than German and EU15 ones. The latter

is a structural weakness for the Italian organizational presence in the countries of enlargement

which is hindering their exploitation of pro�t opportunities. Surprisingly, the coe¢ cient for the

interaction term between �nancial pressure and group complexity is not signi�cantly di¤erent

from zero. Comparing this result with the interaction term in the previous speci�cation and

recalling that our speci�cation now includes only those �rms that are corporate-owned, we

35 It is the GIC plus one to calculate the logarithms and avoid the dropping of zero-complexity groups from
regression estimates, that is the groups composed of one headquarter and one a¢ liate.
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conclude that, once the corporate control is assured, the size of the network is not important

in assessing the �nancial constraints the subsidiaries face. More than the wider internal capital

market that a business group can develop, the better reputation of a �rm that is controlled by

a business group seems to be the crucial factor in determining the cost of the credit.

Besides the analysis of TFP levels done in the previous speci�cations, we perform a similar

exercise for TFP growth rates to control if �rm performance through time is in�uenced more

by management coordination than by a cherry-picking selection bias with wider groups able

to acquire a¢ liates with better perspectives given their information advantage. Again here,

we �rst consider the whole dataset with group-owned and individually owned �rms given the

speci�cation:

� ln(TFPit) = �0 + �1 � ln(sizeit�1) + �2 � (FPit�1) + �3� � group_controli +

+�4 � group_controli � (FPit�1) + �5 � intermediatesi +

+�6 � intermediatesi � group_controli + �h + �j + �t + ui + �it (9)

and then we restrict the dataset to group-owned �rms for which we have the measurement

of complexity:

� ln(TFPit) = �0 + �1 � ln(sizeit�1) + �2 � ln(Sit) + �3� � ln(FPit�1) +

+�4 � ln(GICi) + �5 � ln(GICi) � (FPit�1) + �6 � intermediatesi +

+�h + �j + �t + ui + �it (10)

and results are contained respectively in columns 1 and 2 of Table 5.

The results on the whole dataset show that on average �rms a¢ liated to a group grow

8.64% more after controlling for the negative e¤ect of �rm size. An important result, this latter,

that con�rms the idea that corporate ownership assures the accession to bene�ts over time. The

�nancial pressure, calculated as in the previous speci�cations, has a negative e¤ect on the growth

rate of productivity but is partly loosened for group a¢ liates, as a con�rmation of one of the

bene�ts of corporate control. The second column of Table 5 excludes once again �rms belonging

to individuals and concentrates only on group a¢ liates. Here we �nd a 5.9 percent positive e¤ect

of group complexity on the productivity growth rate, once controlling for �rm size and ultimate

parent size. The Wald test here excludes a non-linear speci�cation for ln(GIC�i ) and point

estimates con�rm a less stringent �nancial constraint on productivity growth for group-owned

subsidiaries, but the interaction term between complexity and �nancial pressure rejects again

the group complexity as one of the determinants for the softening of the constraint . Di¤erently

from the case of levels, we observe no di¤erence in growth rates for subsidiaries involved in the

production of intermediates. This is actually a con�rmation of the fact that the productivity

gap in levels is attributable to the relative standardization of production and a lower elasticity
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of substitution with respect to �nal goods and services. Some characteristics, these latter, that

however do not prevent �rms to enhance competitiveness and performance within their own

sector exploiting the bene�ts of the a¢ liation to a group.

6 Conclusions

We have investigated the performance of subsidiaries in the New Member States of the

European Union that are owned by residents of the 15 original members. Within a context of

�rm heterogeneity, we have found that a¢ liates to business groups are more productive, bigger

and more pro�table than �rms that are owned by foreign individuals. National premia have been

found to be relevant in the case of German and Italian subsidiaries with respect to the average

of the other investing countries in the sample, with German-owned a¢ liates more productive,

bigger and more pro�table than Italian ones. A new degree of heterogeneity has been tested

through the adoption of a measure that we call Global Index of Complexity (GIC), which is able

to summarize the complexity of a global value chain of a business group. After some stylized

facts that depict sampled groups as more complex in developed countries with a pattern of

complexity that could be di¤erentiated by country of destination, we have found that Total

Factor Productivity (TFP) of subsidiaries is strongly related to the worldwide complexity of the

group to which they are a¢ liated. The results provided for productivity levels and growth rates

after the a¢ iation con�rm this positive correlation, but it was still not possible with available

data to determine the direction of causality, that is whether a¢ liates are more productive because

of their a¢ liation to bigger groups or the bigger groups themselves are able to pick out the

better a¢ liates thanks to a more complete information on their perspectives. Probably it is a

combination of both, where bigger groups are able to reduce information asymmetries before

acquiring a new a¢ liate and afterwards the same a¢ liate has access to a variety of experiences

that spill over within the group, or equivalently, to the stock of managerial procedures that is

accumulated by increases in size and is redistributed from core to periphery as Penrose (1959)

predicted. In this latter case, the wider the group, the more the subsidiary can bene�t from

a¢ liation, even if it is involved in the production of intermediates that can su¤er from an

internal price transfer e¤ect when compared with independent �rms, as we �nd in the case

of productivity levels. Indeed, once looking at dynamics, i.e. at productivity growth rates,

di¤erence in performance for these latter �rms fades away and the bene�ts from a¢ liation

could prevail, con�rming a premium for corporate control. Results, however, show that the

relationship between productivity and global complexity is not monotone but decreasing, with

small- and medium-sized groups that have a more clear-cut in�uence on productivity. Among

the bene�ts of a¢ liation we test a loosening of the �nancial constraint that, after controlling

for the organization of the �nance function, we attribute to the intangible collateral that group

reputation is able to provide, better than the development of an internal capital market. In

emerging markets and transition economies the �nancial pressure that subsidiaries face should

mainly be due to information asymmetries of credit institutions and the scarcity of �nancial

82
Tesi di dottorato "HETEROGENEOUS FIRMS AND HETEROGENEOUS RESPONSES FROM ECONOMIC INTEGRATION: EMPIRICAL STUDIES" 
di RUNGI ARMANDO 
discussa presso Università Commerciale Luigi Bocconi-Milano nell'anno 2011 
La tesi è tutelata dalla normativa sul diritto d'autore(Legge 22 aprile 1941, n.633 e successive integrazioni e modifiche). 
Sono comunque fatti salvi i diritti dell'università Commerciale Luigi Bocconi di riproduzione per scopi di ricerca e didattici, con citazione della fonte.



resources makes the restructuring more di¢ cult with a negative e¤ect on productivity levels and

growth rates. In this case a better reputation and additional resources are available to the single

subsidiary through the participation to an international network.
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Annex A: Levinsohn and Petrin (2003) productivity estimates

Let yt denote (the log of) a �rm�s output in a Cobb-Douglas production function of the form

yt = �0 + �llt + �kkt + �mmt + !t + �t (A1.1)

where lt and mt denote the (freely available) labour and intermediate inputs in logs, respectively, and kt is the

logarithm of the state variable capital. The error term has two components: �t, which is uncorrelated with input

choices, and !t, a productivity shock unobserved by the econometrician, but observed by the �rm. Since the �rm

adapts its input choice as soon as it observes !t, inputs turn out to be correlated with the error term of the

regression, and thus OLS estimates of production functions yield inconsistent results.

To correct for this problem, Levinsohn and Petrin (2003b), from now on LP, assume the demand for interme-

diate inputs mt (e.g. material costs) to depend on the �rm�s capital kt and productivity !t, and show that the

same demand is monotonically increasing in !t. Thus, it is possible for them to write !t as !t = !t(kt;mt),

expressing the unobserved productivity shock !t as a function of two observables, kt and mt.

To allow for identi�cation of !t, LP follow Olley and Pakes (1996) and assume !t to follow a Markov process

of the form !t = E[!tj!t�1] + �t, where �t is a change in productivity uncorrelated with kt. Through these

assumptions it is then possible to rewrite Equation (A1.1) as

yt = �llt + �t(kt;mt) + �t (A1.3)

where �t(kt;mt) = �0+�kkt+�mmt+!t(kt;mt). By substituting a third-order polynomial approximation

in kt andmt in place of �t(kt;mt), LP show that it is possible to consistently estimate the parameter b�l and b�t
in Equation A1.3. For any candidate value ��k and �

�
m one can then compute a prediction for !t for all periods

t, since b!t = b�t� ��kkt���mmt and hence, using these predicted values, estimate E[ \!tj!t�1]. It then follows
that the residual generated by ��k and �

�
m with respect to yt can be written as

\�t + �t = yt � b�llt � ��kkt � ��mmt � E[ \!tj!t�1] (A1.4)

Equation (A1.4) can then be used to identify ��k and �
�
m using the following two instruments: if the capital

stock kt is determined by the previous period�s investment decisions, it then does not respond to shocks to

productivity at time t, and hence E[�t + �tjkt] = 0; also, if the last period�s level of intermediate inputs mt is

uncorrelated with the error period at time t (which is plausible, e.g. proxying intermediate inputs with material

costs), then E[�t + �tjmt�1] = 0.

Through these two moment conditions, it is then possible to write a consistent and unbiased estimator for

��k and �
�
m simply by solving

min
(��k;�

�
m)

X
h

[
X
t

(\�t + �t)Zht]2 (A1.5)

with Zt � (kt;mt�1) and h indexing the elements of Zt.
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Final conclusions

The picture that emerges from this work is a complex one. Analyzing the modes of interna-

tionalization of �rms (exporting, importing of inputs, creation of global value chains), we have

seen that the responses to increased trade openness are di¤erent and imply di¤erent perfor-

mances, that we have generally assumed as gains of productivity. In the �rst chapter we have

tested the existence of an additional source of gains from trade due to an overall but asymmet-

ric industrial restructuring between sectors found at comparative advantages or at comparative

disadvantages. The socalled magni�cation e¤ect leads to greater shifts in average productivity

in the sectors that have better prospects of a good positioning on export markets. The market

selection process being tougher in those sectors implies also major bene�ts from the economy

as a whole, but we have also hinted to the fact that this could mean unexpected e¤ects of trade

policies, where an asymmetric liberalization of some sectors before than others could lead to

a faster restructuring of the former since, ceteris paribus, it provides an incentive for �rms to

enter there where the pro�t expectations are higher.

In the second chapter we have seen how relatively important is the vertical channel of import

penetration, since the importing of imputs that are cheaper or that previously were not available

at home can compensate and alleviate the classical competition channel through which �rms at

home begin to compete more with �rms worldwide thanks to decreasing tari¤s and trade costs. It

is possible however that these two channels can interact since the importing of cheaper varieties

of intermediates allow �rms to allineate prices to the new competitive levels of the imported

goods and in this case both channels would be involved in the making of the �nal �rms strategy.

In this case we would see three possible responses to competition from abroad: a lower price due

to a lower markup, a lower price thanks to lower production costs or alternatively the same price

or even a higher one after a quality upgrade of products that exploits inputs of better quality.

To di¤erentiate among those three cases, productivity alone would be a poor indicator since it

is traditionally calculated as a residual of a production function (see paragraph 3.1 of Chapter

II but also Annex A to Chapter III ) and we missed information on the possible changing

quality of capital, labor and intermediates employed by the �rm. It was however important

to introduce the relative importance of the vertical channel and its di¤erent relationship with

several geographical areas of origin of imports, among which China still represents a noteworthy

player.

In the third chapter I explored another source of heterogeneity as derived from the establish-

ment of coordinated hierarchies of �rms located in di¤erent countries with di¤erent competitive

advantages. We have seen how the complexity of control chains as one possible organizational

mode (i.e. the size of the group) is positively related to the performance of the single a¢ liates

and how it can be explained also by the bene�ts deriving of a softened �nancial pressure derived

either by the development of an internal capital market or by the intangible collateral provided
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by the a¢ liation to a group. At the end we have been inclined to prefer the last reason after

considering the organization of the �nance function within the group.

Undoubtedly, while trying to understand some issues at stake, other interesting problems

have emerged that are worth a further investigation. According to me, this is a fruitful �eld

of study that has still to supply many tools to catch the complexities underlying the ongoing

internationalization of production systems and the new challenges ahead in the next future.
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