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Productivity Spilloversfrom Foreign Affiliates and Domestic Firm

Internationalization: Firm-Level Evidence for Belgium

ABSTRACT

We examine to what extent local firms can reap petidity gains from knowledge spillovers
due to the presence of manufacturing affiliatesnoftinational firms, taking into account that
domestic firms' internationalization through impaihd export activities may also lead to
productivity growth. We examine spillovers occugiwithin sectors as well as those potentially
occurring across industries due to client or supplgtions of local firms with foreign-owned
affiliates in downstream and upstream sectors,edsely. Fixed affects panel analysis on a
sample of 4594 local Belgian firms during 2000-20@¥eal significant positive effects of
horizontal and backward spillovers on the produtgtivevels of local firms. Evidence of
productivity benefits due to forward linkages fréoneign-owned affiliates supplying local firms
is only be found for local firms with no exportianport activities. Both importing and exporting
activities are associated with higher productivitygeneral, backward spillovers are weaker for
exporting firms, and forward spillovers do not bnamporting firms, suggesting that local
spillovers from client/supply relations with foreignultinationals and internationalization can be
seen as alternative ways in which internationabrabf an economy can enhance productivity
performance.



1. Introduction

Affiliates of multinationals (MNESs) generally repidrigher productivity levels compared
to their local domestic counterparts (Girma et aDQ1; De Backer en Sleuwaegen, 2005,
Driffield, 2001). Although foreign affiliates mayake great incentives to protect their
technologies (Veugelers and Cassiman, 2004), aoriaomt part of knowledge and technology
may still spill over to domestic firms and incredseal productivity levels. The international
literature on knowledge diffusion distinguishesfetiént transmission channels through which
spillovers may occur (Blomstrom and Kokko, 1998;rgs&nd Greenaway, 2004). On the one
hand local firms can observe and imitate the teldgio advanced production methods of
foreign owned affiliates. Spillover effects cancatmise as a result of labor mobility: local firms
can benefit from transfers of knowledge and teabgylby attracting high skilled employees
from multinationals (Fosfuri et al, 2001). The amite of multinationals may also reinforce
competition within the sector and encourage domdsths to become more efficient (Glass &
Saggi, 2002).

Although an extensive literature has examined mhgortance of spillovers from inward
foreign direct investment (FDI) in industrializeduntries (Gorg en Greenaway, 2004; Gorg en
Strobl, 2001; Girma et al.,, 2001; Doms en Jens&98;1 Pessoa, 2007), studies have not
disentangled the heterogeneous spillover effeatstauifferences in the international profile of
domestic firms. In this paper we examine to whaemixthe total factor productivity (TFP) of
local firms can be influenced by the presence 6fiafs of foreign multinationals, explicitly
taking into account the internationalization stggtef local firms. Firms with an international
profile are likely to be less dependent of the dstmeeconomy and consequently may benefit
less from local knowledge spillovers, while exp@sta international markets may instead lead to
international knowledge spillovers (Bernard en &ens2004; Muuls en Pisu, 2008). We
investigate how local spillovers from foreign &ffie and local firm internationalization through
import and export activities interact in affectitige productivity levels of local firms. We
examine the effects of horizontal (intra-industspjllovers within the sector as well as vertical
(inter-industry) spillovers across industries thgbulocal client and supplier relations with

affiliates of foreign multinationals. We employ did effects panel analysis on a representative



sample of 4594 local Belgian firms based in thearg of Flanders and Brussels for the period
2000-2007.

The remainder of our paper is organized as follole next section briefly reviews the
international literature on foreign direct investthend knowledge spillovers. The data and
empirical methods are described in section 3 amdetmpirical results in section 4. Finally

section 5 offers some concluding comments and éutesearch recommendations.

2. PreviousLiterature

In the recent years, the attraction of foreign direwvestment (FDI) has been an
important topic on the agenda of many governmd®ticy mechanisms such as tax rebates for
foreign firms tempt to stimulate inward FDI. Theimeeason for this growing interest stem from
the positive externalities the presence of foremgiitinational affiliates may generate in the host
country. Accordingly, the entrance of foreign nmétiionals is often seen as a conduit for
transfer of technology and knowledge within andoasrsectors. The linkages between foreign
MNEs and local host-country firms can be distingas between horizontal and vertical
spillovers. On the one hand, technology from farei\NEs may spill over to local competitors
within the same industry (horizontal spillovers)n @he other hand productivity enhancing
knowledge may be absorbed by local client firmssopplier firms across industries due to

vertical linkages (vertical spillovers).

The results of studies analyzing spillover effechise to inward FDI are rather
inconclusive, ranging from negative to positive eleging on the data and method usétainly
focusing on horizontal spillovers, the earliest @pl industry-level analyses found positive
evidence of FDI externalities in Australia (Cav&974) and Canada (Globerman, 1975). Both
analyses concerned sectoral (rather than firmJgwelduction functions and found a positive
correlation between the local firms’ productivityogith on industry-level and FDI inflows.
Other studies discussed the effects of FDI usind-el@borated case studies (Rhee & Belot,

1989; Larrain et al., 2000), but the results ofsthetudies lack the potential to be generalized

! Gorg and Greenaway (2004) and Pessoa (2007) survey the existing literature on the externalities of foreign direct
investments.
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into clear-cut policy implications. More recentggme cross-sectional studies at the firm level
have confirmed the existence of intra-industry lspérs using data from UK and Greece
respectively (Driffield, 2001; Dimelis and Louri0@2). As highlighted by Gérg and Strobl
(2001), technology diffusion is a dynamic phenomemaeaking panel data analysis the most
appropriate method to estimate improvements in-boghtry firms’ productivity. Recent
econometric studies using panel data find poskiffects on of FDI spillovers on productivity
performance for host country firms (Keller and Yiea2003; Haskel et al., 2002). Based on a
micro-level study of US manufacturing firms, Kellend Yeaple (2003) estimated that the share
of productivity growth between the sample period79996 accounted by FDI spillovers at
14%. In the same vein, Haskel et al. (2002) foumat the foreign-affiliate presence in an
industry, measured by the industry share of empétraccounted by foreign firms, is positively
correlated with the domestic firms’' total factoroguctivity (TFP) in that industry. Their
estimations indicate that spillovers from inwardl ERplain about five percent of the ten percent
rise of TFP in local UK manufacturing firms duritige period 1973-1992. On the other hand,
other studies have reported inconclusive or eveyatiege effects of FDI on host country firm
productivity (Girma and Wakelin, 2001; Barrios aidobl, 2002).

Previous empirical studies have mainly focusedhaenimtra-industry spillover effects on
domestic firms’ productivity, while little attentiowas given to inter-industry spillovers through
customer and supplier linkages with foreign muliimaals. The first studies analyzing the effect
of backward and forward spillovers on host-courfiinps’ productivity dynamics have focused
on developing countries (Blalock, 2001; JavorciBQ2; Kugler, 2006). These studies could not
find any evidence for the existence of forward Iep#ér effects, but report significant
productivity-enhancing backward spillovers to loapktream firms. Positive horizontal spillover
effects due to the presence of foreign-owned aféb within the sector were found, but these
results were not robust across all different speatibns of the models. The failure to find
evidence for horizontal spillovers may not be sisipg, as foreign multinationals will have
strong incentives to protect their superior techgglby patenting mechanisms or secrecy in
order to prevent leakages to local competitors (jédars and Cassiman, 2004). Moreover, at
least in the short run, the entrance of foreigntmationals may also be harmful to local firms

through increased competition effects. Foreign Mg/ reduce growth opportunities and the
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potential to reap scale economies by domestic fitlansl they may attract the most qualified
employees (De Backer and Sleuwaegen, 2003), whigiative productivity consequences for
domestic firms. Eventually, this may drive the lesst-efficient host-country firms out of the

market.

The presence of foreign MNESs is not likely to affélee productivity performance of
domestic firms equally. A number of studies havggasted that the gains from spillovers due to
FDI are conditional on the absorptive capacity eatthing-up capabilities of local firms and on
the geographical proximity to foreign affiliates@ and Greenaway, 2004). According to the
absorptive capacity argument of Cohen and Levinth@89) domestic firms need to possess a
certain level of human capital and technologicabwledge in order to understand, assimilate
and use incoming spillovers from foreign-affiliat&omestic firms are better able to catch-up
with superior technologies of foreign firms whee technology gap between both parties is not
too large (Findlay, 1978). Following this reasonidiferent empirical studies have analyzed the
correlation between the domestic firms’ technolabicapabilities and their ability to benefit
from FDI spillovers. In a panel data study on 4Q@00 manufacturing firms covering the period
1991-1996, Girma et al. (2001) analyses the caomiti effects of intra-industry FDI spillovers
on labor productivity according to the skill intéigsand competitiveness in the sector and the
technology gap between firms and the productivibynfier. The results show, among others, that
FDI spillovers benefit domestic firms with a relatiy small technology gap relative to the

technology leader in a positive way, irrespectif/ehe competition and skill level in the sector.

Besides local spillover effects, an extensive ditere has analyzed the importance of
international trade for the productivity performaraf firms. Based on a cross-country study at
the macro level, Coe and Helpman (1995) analyztstriational spillover effects and found a
positive relation between country’s total factoroguctivity and international trade. More
recently cross-sectional studies investigated heoodymtivity is driven by international trade,
with a focus on learning by exporting. These staidimve provided mixed results on the
productivity improvement due to export experiendenpld and Hussinger 2005; Clerides et al.,
1998; Bernard and Jensen, 1999; Salomon and Sh20@5; Damijan et al, 2009). Several

empirical studies found positive effects of expugtion firms’ productivity for data samples in



the United States (Bernard and Jensen, 2004), $paigado et al., 2002), UK (Girma et al.,
2004) and Italy (Castellani, 2002). But other stsdsuggest this positive correlation may be due
to a reverse causality, since high-productivitymfir are likely to self-select themselves into
exporting markets (Arnold and Hussinger, 2005; Awl &lwang 1995). Empirical investigation
on the positive impact of imports on productivityionovation performance is much scarcer and
mainly focusing on developing or transition cousgr{Amiti en Konings, 2007; Altomonte et al,
2008).

In this current paper, we analyze the impact oiZootal and vertical spillovers due to
FDI on the domestic firms’ total factor productivipperformance. Simultaneously, we examine to
what extent the local host-country firms’ engagetmarinternational activities through export
and import can lead to improve their productivi§mnce firms with an international profile will
benefit from international spillovers due to thigade relations on foreign markets and are likely
to be less dependent on local suppliers and cussgomee investigate whether

internationalization reduces the benefits of Ideal spillovers.

3. Data, Variablesand Empirical M ethods

The data for our study were drawn from the Amad®eidst database containing
financial reports of all active firms in Belgium ihey employ personnel. We only take into
account firms with at least five employees as thkeutation of the total factor productivity
proved to be less accurate for smaller firms duenteliable data. We estimate our models on a
balanced sample of manufacturing firms based ingh@ons of Flanders and Brussels, including
firms that were active throughout the period 20002 We only include domestic firms in the
analysis, i.e. firms with headquarters situateBatgium. This led to a sample of 4594 domestic
firms. The distribution of firms over industriesrigughly similar as the industry distribution of

all firms in the population and is presented inl€ah

- INSERT TABLE 1 -



We use the total factor productivity of domestions as dependent variable in our
models. We follow the index number method of Awagt (2001) to calculate total factor
productivity? One of the main advantages of the index numbehadets that it allows for
heterogeneity in the production technology of imndiial firms. All other methods used for
calculation of TFP assume an identical productehbology among firms within a sector. The
index number method does not produce productietels in absolute terms but constructs an
index of productivity for each firm within its sect® It quantifies the relative difference of the
TFP of a firm in a certain year compared to thesat TFP mean in a reference period. We use
the first year of the sample period as referencge hzeriod (year 2000). The index number
method is described more in detail in appendix & .c@lculate this relative productivity index of
each firm in each year, we use the entire populadibfirms (including foreign affiliates) for

which accurate data were available.

Given the time dimension of the data, we use daffato discount all the financial
variables to the same base year 2000. Producer ipdices are used to deflate firm-level output
and are obtained from Eurostat at the two-digit NEAIEvel. Additionally we use deflators for
investments in material fixed assets obtained fBeigostat. The mean values of the total factor
productivity indices for Flemish domestic firms gmeesented per sector in table 2 for the period
2000-2007. The mean productivity level monotonicaticreases over time during the period
2000-2007. The chemical industry and the electraglipments sector have seen the most

outspoken growth in the sample period.

- INSERT TABLE 2 -

> A more general index number method was originally developed by Caves, Christensen and Diewert (1982). For
more information concerning the different alternatives to calculate total factor productivity levels, we refer to
extended review papers of Van Biesebroeck (2007) and Van Beveren (2007) in which the different methods are
compared to each other.
* We also attempted semi-parametric methods of Olley and Pakes and Levinshon-Petrin as alternative ways to
calculate total factor productivity levels. Regression estimation with Olley-Pakes method proved non-robust with
negative estimated coefficient for fixed assets. The Levinshon-Petrin could not be performed due to a lack of data
on materials which are used as proxy to control for the simultaneity bias.
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Turning to the explanatory variables, we proxy lepérs by the presence of foreign
owned affiliates in the sector. The horizontal lspiér proxy (HS) is defined as the share of the
output of foreign affiliates of multinationals ihe total output of the sector. In other words, it
captures the extent of foreign presence in sgctorperiodt. A more dominant presence of
foreign-owned affiliates in a sector is likely teald to more (potential) spillover benefits for

domestic firms within that sector.

HS; :Z Y™ /Z Yii

Spillover effects may also occur across sectorseifp-owned affiliates may for instance
be less reluctant to transfer knowledge and tecgyoto upstream sectors, since they may
benefit from a better performance of local supplieWee capture the extent of potential
spillovers to domestic supplier firms from foreigmned clients by the presence of foreign
affiliates in downstream industries. The backwapdi®/ers (BG) to sectorj in periodt are
measured by the proportion of intermediary goodseictorj’s output supplied to foreign-owned

firms in downstream industries. We define backwspilovers as:
BS, = a,HS,
k

The parameten;, denotes the proportion of secits output supplied to sectdr We
derive this proportion from the input-output matfix the Flemish region of Belgium in 2000.
We do not take into account intermediary input fiativat stay within the sector since these are
already captured by the horizontal spillover proBomestic firms may also benefit from
productivity gains from they maintain with upstreawlated foreign-owned affiliates. This
productivity enhancement can be reached by sourginge qualitative and less expensive
intermediary goods from foreign multinationals. Aodingly we define the forward spillover
indicator for sectoj as the share of intermediary goods that is soungesectolj from foreign-
owned affiliates in upstream sectors in the tompluts sector j purchase from those upstream

sectors. This measure is defined as:

* Since more recent input-output matrices are not available for the Flemish region, we cannot take into account
the changes in industry proportions over time, but it is quite unlikely that the input output relationships between
sectors have fluctuated substantially.
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FSjt = ZﬂijSq

The parametefy equals the share of intermediary goods purchagesebtorj from
sector k in the total inputs purchased by secjorAlso here we only take into account
intermediary flows across sectors to avoid doulolenting of horizontal spillovers. In order to
take into account the criticism of Gorg and Str#fl01) that the effects of spillovers will not be
immediately captured in existing productivity lesiekll variables in the model are one year

lagged with respect to the year we measure factmygtivity.

- INSERT TABLE 3 -

Table 3 presents the means of the horizontal, backand forward spillover proxies per
sector over the period 2000-2007. Sectors with higgans for horizontal spillovers are
characterized by an important presence of foreignea affiliates. Sectors with a dominant
foreign multinational’'s presence are the chemica tansport industry, followed by the sector
in electrical equipment and the metal and machimmsiystries. Means for backward spillovers
are relatively low in the food and transport sesitas these industries are characterized by a high
export intensity and direct sales to consumerswauat spillovers are relatively high in the

rubber and plastic industry followed by the machjrend transport sectors.

Besides spillover effects, we also investigate tatwextent import and export activities
can influence the total factor productivity levelsdomestic firms. On the one hand, firms can
benefit from productivity enhancing effects fromemational trade with clients and suppliers
from foreign markets. On the other hand, firms witternational trade relations may be less
dependent on clients and suppliers in the locaheey and may benefit less from local spillover
effects. We investigate the impact of these intiwnalization strategies on the productivity
performance by including one year lagged dummyatées for export and import in the model.

To assess whether international active firms mag fawer productivity enhancing effects from

® Note that given that we estimate fixed effects models, the effect of importing and exporting are indentified if
firms switch to these internationalization strategies, or revert back to domestic sales and purchases.
10



local spillovers, interaction effects between laggllovers and import and export activities are
incorporated in the model. Specifically, we examivigether exporting firms benefit less from
local backward spillovers, and whether importingprefewer benefits from local forward

spillovers.

- INSERT TABLE 4 -

In addition to the main variables of interest, i@acontrol for environmental and firm
specific effects that could influence productivigyels. First, as indicated above, we control for
time-invariant firm-specific effects influencing q@uctivity levels, by employing fixed effects
panel data models. Second, we control for timeavarfirm specific characteristics. The size of
the firm may be important, as economies of scalg mep larger firms may reach higher
productivity levels. We include the lagged numbEemployees as a control variable. We also
control for the age of the firm, since more expaced firms may use more efficient working
methods and production processes. Finally we cbfdranacro-economic trends by including
six year dummies in the period 2001-2007. Tabler@vides descriptives of the total factor
productivity (differentiated by the internationation profile of firms) and the independent
variables used in the model. On average, more 508apercent of the firms are active in import
or export activities. The mean of the total faqtooductivity of internationalizing companies is
larger than the respective value for firms withmaport or export activity. Correlations between

the variables are given in Appendix B.

4. Empirical Results

We report the results of the fixed effects panelet® in Table 5. In the first model all
firms are included. The results suggest positivedpctivity effects for both horizontal and
backward spillovers. No productivity enhancing effeare found due to forward spillovers: the
coefficient is even negative, but insignificant.eTtesults are in line with prior work on foreign
direct investment where empirical evidence was diofan intra-industry and backward spillovers

11



(Javorcik, 2004; Blalock, 2001; Kugler, 2006), bot for forward spillovers. Table 5 also shows
that firms with import or export activities havesificantly larger productivity levels, which is
consistent with the notion of learning effects frambernationalization (Clerides et al., 1998;
Bernard and Jensen, 1999; Delgado et al., 2008#al and Shaver, 2005) and the productivity
enhancing effects of using quality inputs from a&ofqAltomonte et al, 2008). The negative
signs of the interaction effects of export and impaeith respectively backward and forward
spillovers indicate that internationally operatilogal firms benefit less from local technology
spillovers. The net effect of local backward spidcs, while smaller, remains positive for
exporting firms. In contrast, the net effect forviiard spillovers for importing firms is negati¥e.
The results for the control variables show that enexperienced and larger firms have
significantly higher productivity levels. Thesedings are in line with results of previous studies
(Castany et al., 2007). The year dummies indicateoaotonic rising trend of the total factor

productivity over time during the period 2000-2007.

INSERT FIGURE 1 -

Figure 1 illustrates the substitution effect betwemternationalization and local
spillovers. The graphs represent the predicted gihan TFP due to one standard deviation
difference in local spillovers and show how theeet§ of backward and forward spillovers on
the productivity level differ between firms thaeanternationally active and firms that dot have
international operations. The graph at the rigbadly shows that exporting firms have higher
productivity levels compared to non-exporting firnfsthey are based in industries with
relatively little potential backward spillovers. iShadvantage disappears in sectors with above
average levels of backward spillovers. This illasts how export to foreign markets and client

relations with foreign-owned affiliates could beeseas alternative ways to enhance productivity

® One potential explanation for the negative assiatiabetween forward spillovers and productivity for
importing firms is that import-intensive firms ape located in sectors with relatively high forwamlllovers. Due
to the unavailability of information on import aedport intensities at the firm level, we can howenet ascertain
this.
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levels. In the left graph we compare the effectdooivard spillovers for importing and non-
importing firms. Forward spillovers have no sigeéint effects on the productivity levels of non-
importing firms. The higher productivity level omporting firms is transformed into a

productivity underperformance in industries withher levels of forward spillovers.

- INSERT TABLE5 -

The empirical findings of the first model may sugigéhat forward spillovers are not
important to reach higher productivity levels. Hoag the analysis could not control for the
import and export intensities of firms, such tha tesults may not be fully representative of the
potential effects of forward spillovers. In a sedomodel we therefore focus only on firms
without export or import activities. The results tifis model confirm the importance of
horizontal and backward spillovers but also shopoaitive and significant effect of forward
spillovers. The results further strengthen supfarthe thesis that import and export activities
and spillovers from foreign owned affiliates cands®n as substitutes in the pursuit of higher

productivity levels.

5. Conclusions

Although an extensive literature has examined tgortance of spillovers from inward
foreign direct investment (FDI) in industrializeduntries (Gorg en Greenaway, 2004; Goérg en
Strobl, 2001; Girma et al.,, 2001; Doms en Jens&98;1 Pessoa, 2007), studies have not
disentangled the heterogeneous spillover effeatstauifferences in the international profile of
domestic firms. In this paper we examine to whaemixthe total factor productivity (TFP) of
local firms can be influenced by the presence bfiggs of foreign multinationals, explicitly
taking into account the interaction with the inegfanalization strategies of local firms. Firms
with an international profile are likely to be ledependent of the domestic economy and

consequently may benefit less from local knowledgi#lovers, while exposure to international
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markets may instead lead to international knowlesjikovers (Bernard en Jensen, 2004; Muuls
en Pisu, 2008). We investigate how local spillovéxem foreign affiliate and local firm
internationalization through import and export wtités interact in affecting the productivity
levels of local firms. We examine the effects ofihontal (intra-industry) spillovers within the
sector as well as vertical (inter-industry) spilbos across industries through local client and
supplier relations with affiliates of foreign muiéitionals. We employ fixed effects panel
analysis on a representative sample of 4594 loeli@n firms based in the regions of Flanders
and Brussels for the period 2000-2007.

The analysis reveals significantly positive effeafshorizontal and backward spillovers
on the productivity levels of local firms. In sextovhere foreign multinationals are strongly
represented, domestic firms show higher produsgtilétels (horizontal spillovers). The same
holds for domestic firms that supply intermediapods to sectors where foreign multinationals
are well represented (backward spillovers). On dtteer hand, no evidence was found for
positive effects of forward spillovers due to aajeg exposure to inputs supplier locally by
foreign affiliates. These results are in line wjtevious literature analyzing horizontal and
vertical spillover effects due to foreign directvéistments (Javorcik, 2004; Kugler, 2006;
Blalock, 2001).

However, further analysis restricting attentionfitans that do not engage in import or
export activities do show a positive and significaffect of forward spillovers. This suggests
that the mixed findings in prior studies on forwallovers may be due the failure to take into
account alternative ways to productivity growthotigh input sourcing on international markets.
In general, we find that while both importing angerting activities are associated with higher
productivity levels, importing firms do not benefiom forward spillover and exporting firms
benefit significantly less from backward spilloverBhis implies that local spillovers from
client/supply relations with the affiliates of foga multinationals and firms' own
internationalization can be seen as alternativesvilayvhich internationalization of an economy

can enhance productivity performance.

The results emphasize the importance of internaliation for productivity and welfare

growth, both through the internationalization ofnustic firms as through foreign direct
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investments by multinational firms. The results iynfhat export promotion policies and FDI
promoting policies should be designed in a balangehner, as they may potentially be
substitutes in reaching productivity growth. Pagiiaiming to facilitate internationalization of
domestic firms should furthermore not focus sotatydeveloping export markets but also on the

facilitation of import activities for high qualityputs.

We suggest that further research along these kaesfocus on the use of spillover
indicators taking productivity differences betwedomestic firms and multinationals into
account. More attention should also be given tchitterogeneity of firms in their capacity to use
and assimilate knowledge and technology spillovéirsns with more absorptive capacity (i.e. as
indicated by the employment of higher skilled perssl or a limited productivity gap with
productivity leaders) may benefit more from extérspillovers. Finally, indicators of the
intensity of export and import activities and faneiinvestment by domestic firms will allow for
a more detailed analysis of potential substituti@ifect of local spillovers and

internationalization strategies.
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Table 1: Distribution of firmsacrossindustries

Industry Firms
Numbers %

Food, drink and tobacco 655 14.3
Textiles and leather 542 118
Paper, printing and publishing 741 16.1
Chemical industry 212 4.6
Rubber and plastic 155 3.4
Non-metal mineral products 287 6.2
Metals 889 194
Machinery 351 7.6
Electrical equipment 266 5.8
Cars and transport equipment 89 1.9
Other manufacturing industries 407 8.9
Total 4594 100

Table 2: Mean of thetotal factor productivity index of Flemish firms across sectorsfor the

period 2000-2007

Industry

2000 2001 2002 2003 2004 2005 2006 2007

Food, drink and tobacco
Textiles and leather

Paper, printing and publishing
Chemical industry

Rubber and plastic

Non-metal mineral products
Metals

Machinery

Electrical equipment

Cars and transport equipment

Other manufacturing industries

-0.00.11

-0.09.06

-0.08.08

-0.120.05

-0.080.09

-0.0®.01

-0.06-0.02

-0.08 0.03

-0.080.07

0.a215

-0.00.04

0.27 0.45 0.65 0.85 1.06 1.26

0.20

0.23

0.27

0.22

0.07

0.02

0.15

0.25

0.17

0.14

0.36 0.46

0.37 0.52

0.56 0.92

0.41 054

0.11 0.20

0.07 0.13

0.29 0.44

0.43 0.64

0.28 0.40

0.22 0.30

0.57

0.65

1.13

0.62

0.35

0.18

0.58

0.84

0.55

0.31

0.68

0.80

1.47

0.69

0.44

0.22

0.73

1.06

0.82

0.40

0.82

0.96

1.80

0.75

0.54

0.27

0.86

1.37

1.05

0.49
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Table 3: Means of horizontal, backward and forwar d spillover s across sectors, period 2000-

2007
Industry Horizontal spillover ~ Backward spillover  Forward spillover
Food, drink and tobacco 0.51 0.03 0.09
Textiles and leather 0.29 0.14 0.18
Paper, printing and publishing 0.35 0.16 0.14
Chemical industry 0.92 0.14 0.08
Rubber and plastic 0.63 0.44 0.40
Non-metal mineral products 0.52 0.35 0.17
Metals 0.68 0.30 0.13
Machinery 0.65 0.13 0.34
Electrical equipment 0.75 0.28 0.15
Cars and transport equipment 0.88 0.09 0.23
Other manufacturing industries 0.24 0.25 0.28

Table 4: Descriptive Statistics

Flemish firms (n=4594)

Mean Standard Dev.  Minimum Maximum

Total factor productivity (natural logarithm) 0.35 0.56 -3.86 491

- Firms with import or export activities 0.40 0.56 .59 491

- Firms without import or export activities 0.23 0.52 -3.86 4.81
Horizontal spillovers 0.52 0.20 0.20 0.94
Backward spillovers 0.20 0.11 0.03 0.46
Forward spillovers 0.17 0.08 0.07 0.41
Exporting firm (dummy) 0.55 0.50 0 1
Importing firm (dummy) 0.59 0.49 0 1
Export*Backward spillovers 0.11 0.11 0 0.41
Import*Forward spillovers 0.11 0.13 0 0.46
Age of the firm 19 1.97 0 108
Number of employees 21 2.67 0 4219
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Figure 1: Productivity effects of local spilloversand internationalization
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Table5: Deter minants of total factor productivity for Flemish firms, period 2000-2007

Total factor productivity
FHemish firms without

All Flemish firms export or import
Horizontal spillove 1.08¢ 1.57¢
[0.034]*** [0.064]***
Backward spillove 1.74¢ 1€
[0.112]+** [0.170]**
Forward spillove -0.18¢ 2.73¢
[0.266 [0.561]***
BExpor 0.08:
[0.015]***
Import 0.08:
[0.020]***
Interaction effect
BExport * Backward spillove -0.28¢
[0.065]***
Import * Forward spillovel -0.41¢
[0.202]***
Age of firrm 0.04: 0.05¢
[0.014]*** [0.023]**
Number of employee 0.02¢ -0.001
[0.008]*** [0.013
Year 200 0.10¢ 0.1
[0.006]*** [0.009]***
Year 200 0.22¢ 0.22¢
[0.006]*** [0.010]***
Year 200 0.35¢ 0.35¢
[0.007]*** [0.011]***
Year 200 0.54¢ 0.58¢
[0.009]*** [0.016]***
Year 200! 0.65¢ 0.7
[0.009]*** [0.017]***
Year 200 0.77¢ 0.82¢
[0.010]*** [0.020]***
Year 200 0.90¢ 0.95¢
[0.010]*** [0.020]***
Constan -1.17¢ -1.92¢
[0.073]*** [0.129]***
Number of observatior 3034: 9881
Number of group 459« 177:
R square 0.61 0.5¢
Ftes (16, 2573¢ (12, 8103
2473.49*** 958.25***

Notes: Robust standard errors in parentheses; ***4s significant at 10%; 5%, and 1%, respeetiy.
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Appendix A: Total factor productivity: index number method

To obtain comparable productivity levels acrossnéirwe use the index number method
following Aw et al. (2001). Productivity levels aoalculated as an index where the total factor
productivity for each individual firm is comparedtivthe mean TFP level in its industry in a
certain base period. The total factor productiv@tycalculated as the proportion of the value
added (Y) that is not explained by the input fagtfX). To obtain the TFP in an index number
format, the deviation of the natural logarithm e$pectively the output and input factors of firm

f and the arithmetic means of these factors on inglisvel are taken into account (respectively
(InY, —W) and (In X, —In X,,) , with i indicating the input factor labor or capital).drder to

get an index that compares productivity performaneigh the industry mean at a certain point in

time, deviations in the means over two consecugears are chain-linked over time for both

t t n
output and input factors (InY,-InY,;)and > >" (In X, ~In X, ,)). The model also controls

s=2 s=2 t=1
for heterogeneity in the production technology oflividual firms by incorporating the
respective input cost shares into the formula (tezhby the S factors). The formula to calculate

the TFP index in its natural logarithmic form, falling Aw et al. (2001, p. 11) is:

INTFR, =(nY, ~InY)+ Y (Y, ~InY,.,) —{ig(sﬁ +5)(n X, - X)+ > 3 1S, +§. ) (n X, -in X.s-o}

s=2 s=2 t=1
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Appendix B: Correlations between variables

» @ B @ ® ® O ® (® (d109 @1 @312 (@3 (14 (15 (16 @17
(1) Total factor productivity 1.000
(2) Horizontal spillovers 0.018 1.000
(3) Backward spillovers -0.249 0.214 1.000
4() Forward spillovers -0.121 -0.142 0.325 1.000
(5) Bport 0.154 0.004 -0.073 0.071 1.000
(6) Import 0.151 0.031 -0.032 0.100 0.573 1.000
(7) BExport * Backward spillovers -0.003 0.088 0.424 582 0.763 0.436 1.000
(8) Import * Forward spillovers 0.044 -0.038 0.153 @®&580.448 0.787 0.477 1.000
(9) Age of firm 0.124 -0.060 -0.075 -0.026 0.133 0.145 60.0 0.095 1.000
(10) Number of employees 0.120 -0.015 -0.040 0.021 040318 0.302 0.314 0.166 1.000
(11) Year 2001 -0.214 0.030 0.043 0.048 -0.010 -0.017 20.00.008 -0.092 -0.008 1.000
(12) Year 2002 -0.129 0.003 0.043 0.036 0.004 -0.002 0.02915 -0.055 0.005 -0.150 1.000
(13) Year 2003 -0.040 0.002 0.039 0.025 0.007 0.008 0.020170 -0.010 0.011 -0.149 -0.146 1.000
(14) Year 2004 0.052 -0.018 -0.065 -0.031 -0.026 0.007049. -0.008 0.025 0.007 -0.147 -0.145 -0.144 1.000
(15) Year 2005 0.128 -0.025 -0.041 -0.033 0.012 0.008 080.00.009 0.056 0.000 -0.144 -0.142 -0.141 -0.140 1.000
(16) Year 2006 0.218 -0.002 -0.041 -0.056 0.013 0.009 080.00.018 0.088 0.003 -0.143 -0.141 -0.140 -0.139 -0.136 001.0
(17) Year 2007 0.308 -0.017 -0.024 -0.050 0.014 0.009 020.00.015 0.119 0.018 -0.141 -0.139 -0.138 -0.137 -0.1341330.1.000
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