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1 Introduction

Governments in both developed and developing countries often try to implement policies
to attract foreign direct investment (FDI). This behaviour is motivated by the belief that
multinational activity not only benefits the host country’s economy directly, but also
indirectly through knowledge and productivity spillovers.
When investing abroad, multinational enterprises (MNEs) bring with them proprietary

technology, to compete with local firms (Markusen, 1995). If MNEs are unable to prevent
this technology from leaking or transfer it intentionally, the technology can be adopted by
domestic firms, raising their productivity level. Although the theory on FDI spillovers is
clear, the empirical evidence on the matter is mixed (Javorcik, 2004; Görg and Greenaway,
2004; Crespo and Fontoura, 2007).
FDI spillovers are commonly analyzed in a production function framework, using a

two-step procedure. In the first step, total factor productivity (TFP) is obtained as the
difference between output (or value added) and production factor inputs, multiplied with
their estimated coefficients. In the second step, the estimated total factor productivity is
related to FDI spillover variables, a set of control variables and time, region and industry
dummies. In this way, FDI spillovers can be considered an additional input in explaining
TFP. The two-step approach allows to study country-, industry and firm-specific char-
acteristics that influence the FDI spillovers. The importance of the latter is stressed by
many authors, e.g. Melitz (2003).
In this production function framework two types of productivity spillover variables are

introduced, which can be transmitted through a number of channels. Horizontal spillovers
are intra-industry spillovers from MNEs to domestic firms in the same industry. Vertical
spillovers are inter-industry spillovers, linkages with domestic firms in different industries,
such as upstream suppliers (backward spillovers) and customers down the stream (forward
spillovers). Although vertical spillovers were only recently included in empirical research,
literature surveys suggest that they outweigh horizontal spillovers (Schoors and van der
Tol, 2002; Javorcik, 2004)1. An overview of FDI spillovers and their role in the supply
chain is given by figure 1.

In this paper, four main issues are tackled. Two of these issues are computational in
nature. In both cases FDI spillovers had to be reconstructed to account for them. For the
first computational issue, we analyzed whether or not including inputs supplied within
the same sector affects estimation results (Javorcik, 2004). These inputs are commonly
not incorporated in the vertical spillovers as they are already included in the horizontal
spillover effects. Vertical spillovers are computed in three different ways to study the
impact of including or excluding inputs.
For the second computational issue, production for final uses and exports is taken into

account when the backward spillover is constructed (Barrios, Görg and Strobl, 2011).
This approach differs from the common calculation procedure where only inputs for in-
termediate consumption are considered. The estimation procedure is then repeated with
the corrected backward spillover.
In addition to these computational aspects, the impact of two other elements on FDI

spillovers is examined. First, the effects of the level of industry aggregation on spillovers

1The host country’s level of technology is a key determinant in this matter according to Roording and
de Vaal (2010).
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are studied. The classification in horizontal and vertical spillovers is most often based
on the industry aggregation used in the input-output (IO) table. Varying the level of
industry aggregation thus might affect which FDI spillovers can be found. In this study,
IO-tables from the Romanian National Statistical Office2 are incorporated at both a Ro-
manian classification level (approximately the nace3-digit level) and at the nace2-digit
level (collapsed version of the former)3.
In the literature, the issue of the level of industry aggregation is addressed by Damijan,

Rojec, Majcen and Knell (2008). The authors point out that as the level of disaggregation
of the IO-tables they use does not suffice, identifying vertical spillovers becomes difficult.
We construct vertical spillovers with IO-tables at varying levels of aggregation to deal
with this issue.
As empirical evidence on FDI spillovers is mixed, many authors focus on finding meas-

ures that allow the capture of spillover effects. Barrios et al. (2011), for example, suggest
alternative measures of backward linkages to replace the commonly used proxies (which
are based on assumptions that do not hold). This approach however does not take into
account that the level of industry aggregation is a key factor in classifying spillovers in
horizontal and vertical effects.
Second, the distinction is made between majority and minority foreign-owned firms

and both horizontal and vertical spillovers are recomputed. Making the distinction allows
us to study the consequences of the ownership structure on productivity spillovers. This
approach builds upon previous work by Blomström and Sjöholm (1999) and Javorcik and
Spatareanu (2008), who show that the degree of foreign participation affects horizontal
spillovers differently than vertical spillovers. Furthermore, the effects of the ownership
structure on vertical spillovers are not clear. More empirical work can provide useful
insights.

In order to analyze the four main issues presented above, a firm-level panel data set
covering the years 1995-2005 is composed. The data are extracted from the Amadeus
database by Bureau Van Dijk. We look into FDI spillovers from all sectors and spillovers
from manufacturing and services sectors on Romanian manufacturing firms with at least
five employees. Although four main issues are studied, the emphasis in this study lies on
the importance of the level of sectoral aggregation for FDI spillover effects.
Estimation results suggest that the level of industry aggregation is a key factor for FDI

spillovers. Horizontal spillovers appear at the nace2-digit level. On the other hand, there
is primarily evidence of vertical spillovers at the nace3-digit level. The degree of foreign
participation is of importance as well. Horizontal spillovers are positive if subsidiaries are
majority foreign-owned. Forward majority spillovers are negative and backward spillovers
are strongly positive if they originate from minority foreign-owned manufacturing firms.
Domestic firms benefit from the presence of MNEs if they can supply products or

compete with them on the market. Being the customer of a multinational lowers local
firms’ productivity, perhaps because MNEs supply products that are too expensive or
technologically complex. Including or excluding inputs supplied within the same sector
seems to affect results, while including production for final uses and exports does not alter
results much.

2Henceforth, the Romanian National Statistical Office is referred to as the RNSO.
3NACE is the abbreviation of “Nomenclature statistique des activités économiques dans la Commun-

auté européenne”.
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The structure of the paper is as follows. Section 2 provides a summary of the literature,
focusing on the four issues of interest. In section 3, the empirical approach and data
set used are described. Section 4 presents the estimation results and discusses their
robustness. Section 5 concludes.

2 FDI Spillovers

Empirical research on FDI spillovers has focused on many different features, ranging from
the home and host country’s determining characteristics to the channels of technology
diffusion. Many studies have explored the characteristics of these channels in depth, as well
as their importance for the various types of FDI spillovers. In general, four main channels
through which spillovers can occur are discussed: (i) imitation and demonstration, (ii)
labour mobility, (iii) exports and trade and (iv) competition (Görg and Greenaway, 2004)4.

First, domestic firms can acquire technology by imitating multinationals (Teece, 1977).
The effectiveness of imitation depends on a number of factors. The complexity and
nature of the technique of interest matter to a large extent. It is for example much easier
to imitate management and marketing techniques than production procedures. If the
local firm and the foreign subsidiary are working closely together, the MNE might also
demonstrate how to produce a certain product efficiently or how to set up an international
network of distributors.
Second, labour mobility and human capital acquisition can boost the productivity of

local firms. This emerges when domestic firms hire workers that were previously employed
by a multinational. These workers might have received some sort of training and are
informed about many features of the multinational’s production process. If this knowledge
can be implemented by local firms, it will improve their productivity. Market entry by
MNEs however can also have a negative impact on domestic firms through this channel; for
example if MNEs offer higher wages and attract the best workers. In this case, domestic
firms can have a hard time finding and keeping good personnel. Fosfuri, Motta and
Rønde (2001) and Görg and Strobl (2005) study this channel more thoroughly and provide
empirical results. Teece (1977) finds that human capital acquisition and imitation are
particularly important for horizontal spillovers.
Third, multinationals can be export catalysts and pave the way for local firms that

try to become exporters (Aitken, Hanson and Harrison, 1997; Görg and Greenaway,
2004). Domestic firms cannot only benefit from the infrastructure and networks cre-
ated by MNEs, they may also learn how to successfully enter a foreign market. Spillovers
from exports however can be distorted by endogeneity, as it is not always clear whether
firms become exporters because they are more productive or whether firms’ productivity
levels go up as they start exporting (learning by doing).
Fourth, entry of MNEs in the local market induces fiercer competition and forces

domestic firms to produce more efficiently (Markusen and Venables, 1999; Glass and
Saggi, 2002). Firms can boost their productivity by using technology and resources more
efficiently or by incorporating more advanced technologies in their production process
(Crespo and Fontoura, 2007). A higher level of competition however can be detrimental
for the productivity of domestic firms if their market share drops due to the MNE’s entry.

4Crespo and Fontoura (2007) look upon vertical linkages as the fifth channel of technology diffusion.
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Figure 1: Horizontal, backward and forward spillovers and their role in the supply chain.

The importance and effects of increased competition have been studied by many authors,
such as Aitken and Harrison (1999) for Venezuela.

The literature on FDI spillovers commonly separates horizontal from vertical spillover
effects (illustrated by figure 1). Horizontal spillovers are spillovers from MNEs to local
firms that operate in the same industry. Vertical spillovers are spillovers from MNEs to
firms active in industries that are linked with the industry of the multinational through
the supply chain. The inter-industry or vertical spillovers can be classified in backward
spillovers, from the multinational to its upstream suppliers, and forward spillovers, from
the multinational to its downstream customers. Although vertical spillovers have only
recently been included in empirical work, research suggests they are more likely to occur
than horizontal spillovers (Schoors and van der Tol, 2002; Javorcik, 2004).

Horizontal effects can be positive or negative, and their existence depends on how well
multinationals can prevent technology from leaking to local competitors. If multinationals
transfer only basic technology or are very effective in protecting their technology, no
spillovers might occur. Many empirical studies fail to find evidence of positive statistically
significant horizontal spillovers (Görg and Greenaway, 2004).
The evidence on vertical spillovers is mixed (Görg and Greenaway, 2004). Backward

spillovers are commonly expected to be positive as multinationals can benefit from their
linkages with local suppliers. By cooperating with domestic suppliers, multinationals
can ameliorate the quality of the products received. This can, for example, be achieved
by helping local firms to improve their production process and training employees (Lall,
1980). Crespo and Fontoura (2007) point out two additional advantages of multinational
presence. The first advantage is the increasing demand for local products. The second
advantage is that domestic firms might compete to be chosen by the MNE as its supplier.
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In both cases, the productivity of local firms increases. The positive effects of backward
spillovers however might not occur if multinationals buy their inputs from their home
country. Forward spillovers can be positive, when multinationals supply cheaper inputs
or inputs of a higher quality (Markusen and Venables, 1999), or negative, if the products
offered by multinationals are more expensive or too technologically complex for local firms
to use (Javorcik, 2004).

In the literature, the methodology of FDI spillover calculation is drawn from the work
by Caves (1974) and Javorcik (2004). In this framework, horizontal or intra-industry
spillovers are calculated as follows:

Horizontaljt =

∑
i∈j Foreignit ∗ Yit∑

i∈j Yit
(1)

In this formula, Yit is the output produced by firm i in year t and Foreignit is the share
of foreign participation in firm i in year t5. If foreign participation by a single investor
is at least 10%, a firm is considered to be foreign6. The horizontal spillover is a proxy
for the share of industry j’s output produced by foreign firms. It captures the degree of
foreign presence in industry j at time t. If foreign participation increases, the value of this
variable goes up.

The backward spillover, which represents the foreign presence in industries k supplied
by industry j at time t, is computed as follows:

Backwardjt =
∑

k if k �=j

γjkt ∗Horizontalkt (2)

In this formula, the previously calculated horizontal spillovers are multiplied with
technical coefficients γjkt (the proportion of industry j’s output supplied to industries
k at time t). The technical coefficients are constructed using input-output tables for
intermediate consumption (final uses and exports are excluded). Inputs supplied within
the same sector are not included in the technical coefficients, as these are already part
of the horizontal spillover (k �= j). The backward spillover is a proxy for the potential
linkages between MNEs and local suppliers. The value of the spillover increases if the
foreign presence in industries k rises and the share of output supplied to industries k goes
up.

The forward spillover is constructed similarly, using the following formula:

Forwardjt =
∑

l if l �=j

δjlt ∗Horizontallt (3)

In this case the technical coefficients δjlt correspond to the proportion of industry j’s
inputs purchased from industries l at time t. Production for final uses and exports is

5Instead of using the actual share of foreign participation, a dummy variable was used.
6The 10% cutoff is commonly applied in FDI definitions (e.g. by the OECD).
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excluded from these coefficients, as are inputs supplied within the same industry (l �= j).
The forward spillover is a proxy for the potential linkages between multinational firms and
their local clients. The spillover effect is larger if the foreign presence in industries l goes
up and if a larger share of output of industry j is supplied. Note that the input-output
tables used in this study are time-varying (when available)7. IO-tables are taken from the
RNSO.

In this study, the spillover calculation methods presented above are used and adap-
ted, which allows us to tackle four issues. First, the technical coefficients of the vertical
spillovers are computed in three distinct ways, to study the effects of including/excluding
inputs supplied within the same industry on FDI spillovers. Following the work of Ja-
vorcik (2004), inputs supplied within the same industry are commonly excluded from the
technical coefficients of the vertical spillovers as these inputs are already captured by
the horizontal spillovers. By recomposing the technical coefficients, the aforementioned
effects can be analyzed more thoroughly. The construction of the technical coefficients is
discussed in detail below.
The technical coefficients γ and δ in equations 2 and 3 are in fact matrices, where each

cell of the IO-table is divided by its row total (in case of backward spillovers) or its column
total (in case of forward spillovers). The computation of a single cell is represented (in a
simplified version) by equation 4.

λijt =
inputijt

total
(4)

To compute technical coefficients, the row and column totals in the IO-table are cal-
culated. As indicated before, technical coefficients can be constructed in three ways. The
inputs in the IO-table are used to find the row and column totals and then each input
is divided by the appropriate total (the column total for forward spillovers, the row total
for backward spillovers). No adaptations are made to the coefficients in the input-output
table. Then, the row and column totals are kept as before, but inputs on the diagonal of
the IO-table are set to zero. Specifically, inputijt is set to zero if i = j. Finally, inputs are
set to zero if they are supplied within the same industry ( i = j) and the row and column
totals are corrected. In practice, first all inputs on the diagonal of the IO-table are set to
zero and then the row and column totals are recomputed. In this case both inputijt and
total are adjusted. Vertical spillovers based on all three types of technical coefficients are
introduced and the estimation procedure is conducted as before.

Second, the backward spillovers are reconstructed taking into account production for
final uses and exports, instead of only accounting for intermediate consumption. This
is in line with the work of Barrios et al. (2011), who study the measures of backward
spillovers often used in the literature for the case of Ireland. The authors find that these
measures incorrectly depend on assumptions about the nature of input demand choices
of multinationals. To capture FDI spillovers working with correct proxies is essential,
therefore alternative measures of backward linkages are constructed. In this study, back-
ward spillovers are computed controlling for production aimed at exports and final uses.

7Merlevede, Schoors and Spatareanu (2011) use time-varying IO-tables in their study and explore the
effects of only including the IO-table of 2005 (which better reflects modern production technologies and
the increased foreign presence). This does not seem to affect results.
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Figure 2: Simplified input-output tables at varying levels of industry aggregation.

Although using correct measures is of importance, the level of industry aggregation may
not be disregarded. This might be an issue in the study of Barrios et al. (2011). The level
of industry aggregation in the study is substantial, due to highly aggregated IO-tables
(extracted from the OECD) the authors used. The capture of vertical spillovers is im-
peded in that way. The issue of the level of industry aggregation will be tackled in depth
in the following paragraph.

Third, we examine to which extent varying the level of industry aggregation affects
the capture of FDI spillovers. The importance of the level of industry aggregation is
illustrated in figure 2. The upper panel of the figure, table A, represents an IO-table at
a more aggregated level than the lower panel of the figure, table B. One can think of this
distinction as the difference between an IO-table at the nace2-digit level (table A) and one
at the nace3-digit level (table B). Assume that the IO-table in the top panel of figure 2 is
at the nace2-digit level. In this case, only three different industries can be distinguished:
1, 2 and 3. If FDI spillovers are calculated on this level, the grey-shaded areas will be
included in the horizontal spillovers (as they represent inputs supplied within the same
industry) but excluded from the vertical spillovers. Next, assume that the IO-table in the
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bottom panel of figure 2 is at the nace3-digit level. At this level of aggregation, there are
six different industries: 1a, 1b, 2a, 2b, 3a and 3b. If FDI spillovers are computed at this
level, the grey-shaded areas belong to the horizontal spillovers but are discarded from the
technical coefficients of the vertical spillovers.
When the two IO-tables in figure 2 are compared, we notice that several firms which

were previously part of a single industry are classified into different industries at a lower
level of aggregation. More precisely, 1a and 1b, 2a and 2b and 3a and 3b do not belong
to the same industry anymore. This finding can be clarified with the nace2-digit industry
348 (manufacture of motor vehicles, trailers and semi-trailers) as an example. At the
nace2-digit level, all firms that are active in the manufacturing of motor vehicles, semi-
trailers and trailers are incorporated in the same industry. This industry however can be
subdivided into three categories: (i) manufacture of motor vehicles (34.1), (ii) manufacture
of bodies (coachwork) for motor vehicles; manufacture of trailers and semi-trailers (34.2)
and (iii) manufacture of parts and accessories for motor vehicles and their engines (34.3).
If the sector is studied at a higher level of disaggregation, the three sub-industries will be
the industries of interest. If industry 34 corresponds to industry 1 in table A of figure 2,
industries 34.1, 34.2 and 34.3 are represented by industries 1a, 1b and 1c in table B.
What are the consequences of using the nace2-digit rather than the nace3-digit clas-

sification of industries in this example? At the nace2-digit level, firms that supply parts
(e.g. a local firm) and firms that assemble cars (e.g. a foreign subsidiary) are considered
part of the same industry. At the nace3-digit level, linkages between such firms are in-
terpreted as vertical relationships. Specifically, any spillover effects from the MNE to the
local firm are captured by horizontal spillovers in the nace2-digit case and by vertical
spillovers at the nace3-digit level. As a result, the level of industry aggregation is a key
element in FDI spillover computation as it determines which effects are included in each of
the spillovers. To disentangle horizontal from vertical spillovers, the level of aggregation
is essential. Consequently, this matter is studied in depth in this paper. Spillovers are
computed using an IO-table at the nace3-digit and an IO-table at the nace2-digit level
(collapsed version of the former) from the RNSO.

In order to get some more insight in the input-output framework, the construction
of IO-tables is briefly described. For an in depth discussion of the matter, we refer to
the Eurostat Manual of Supply, Use and Input-Output Tables (Eurostat, 2008)9. Input-
output tables are constructed from supply and use tables. The supply table represents
“the supply of goods and services by domestic production and imports”; the use table
contains “the goods and services for intermediate consumption and final use10” (Euro-
stat 2008). The supply and use table can be integrated in a single framework. In this
framework, products and industries are related to each other. By transforming the sup-
ply and use framework, symmetric input-output tables can be constructed. This trans-
formation is performed by either making assumptions of fixed sales structure (industry
or product sales) or assumptions on technology (industry or product technology). If the
transformation is based on the former set of assumptions, symmetric industry-by-industry
IO-tables are obtained. On the other hand, if the latter set of assumptions is used, sym-

8The industry code is taken from the Nace revision 1.1 classification of industries.
9The manual on supply, use and input-output tables can be found on the website, via the following link:

http://epp.eurostat.ec.europa.eu/portal/page/portal/esa95_supply_use_input_tables/introduction
10Final use consists of consumption, gross capital formation and exports.
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metric product-by-product IO-tables are found. Industry-by-industry IO-tables represent
inter-industry linkages, product-by-product IO-tables display linkages between products
and branches. Industry-by-industry IO-tables can always be converted into product-by-
product IO-tables and vice versa. In this study, we use industry-by-industry IO-tables
form the RNSO.

Fourth, the impact of the level of foreign participation is studied, by separating major-
ity from minority foreign-owned firms and then computing the spillover effects. This ap-
proach builds on the work by Blomström and Sjöholm (1999) and Javorcik and Spatareanu
(2008), who find that foreign ownership influences horizontal and vertical spillovers dif-
ferently. Theory suggest that horizontal minority spillovers are more likely to be positive
than majority horizontal spillovers, as MNEs will try to prevent technology from leaking
to local competitors. MNEs are more likely to conceal technology if the subsidiary is
majority— or wholly-owned. The effects of ownership on vertical spillovers are less clear.
Crespo and Fontoura (2007) argue that both majority and minority ownership can con-
tribute to a higher level of technology spillovers11. More empirical work on the matter is
required.

In summary, this study tries to tackle some of the computational issues of FDI
spillovers and explore the importance of the level of industry aggregation in detail. In
the analysis, the consequences of including inputs supplied within the same sector and
production for final uses and exports are considered. Furthermore the effects of varying
foreign ownership levels are accounted for. In the next section, the empirical approach
and data are discussed.

3 Empirical Approach and Data

3.1 Empirical Approach

In the literature, FDI spillovers are often analyzed in a production function framework in
a two-step procedure. In the first step of the procedure, total factor productivity (TFP)
is estimated at the firm level. In the second step, the estimated TFP is related to both
FDI spillover variables and a set of additional controls.

The estimation of total factor productivity in the first step is complicated by the
potential endogeneity of inputs. The input choices of domestic firms are based on their
productivity. Consequently, an unobservable productivity shock will affect the firms’
inputs. That is why Griliches and Mairesse (1995) conclude inputs should be treated as
endogenous variables. If this endogeneity is not tackled appropriately, estimation results
will be biased. Ordinary least squares (OLS) and fixed effects (FE) estimation will not
be sufficient in this case.

11If the firm is majority-owned, the multinational might have a larger incentive to transfer technology,
thus creating more opportunities for local firms to benefit from it. If the firm is minority-owned, it might
have more linkages with the local economy and an easier access to foreign technology. Consequently, both
types of foreign ownership can boost productivity.
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To deal with this issue, a number of alternative estimation methods were developed in
order to obtain an unbiased estimate of TFP. The dynamic panel data setup of Blundell
and Bond (1998) (DPD) and the semi-parametric approaches of Olley and Pakes (1996)
(OP) and Levinsohn and Petrin (2003) (LP) are commonly used. In the semi-parametric
approaches a proxy is introduced to handle the endogeneity bias. Olley and Pakes use
investment as a proxy, Levinsohn and Petrin opt for material inputs. The latter argue
that investment is not a good proxy as it is lumpy and it does not respond smoothly to
the productivity shock (Petrin, Poi and Levinsohn, 2004).
Ackerberg, Caves and Frazer (2008) (ACF) however find that the OP and LP semi-

parametric approaches suffer from collinearity. They design an alternative procedure that
deals with this issue and builds on the assets of the semi-parametric approaches. In
this study, the ACF procedure is the baseline, as the discussion on the matter is still
ongoing. The results for ACF are compared to those obtained with other forms of TFP
as a robustness check. Furthermore, both a Cobb-Douglas specification and a translog
specification (TL) are used to compute total factor productivity.

In this study, total factor productivity of firm i in industry j at time t is computed as the
difference between output and production factor inputs (labour, capital and materials),
each multiplied with their estimated coefficients. Only domestic firms were considered.
The following formula is used to estimate TFP:

TFPijt = Yijt − β̂ljlijt − β̂kjkijt − β̂mjmijt (5)

In this formula, Yijt is the output produced by firm i in industry j at time t; l, k and
m refer to labour, capital and material inputs respectively. The betas are the estimated
coefficients.
Total factor productivity can also be constructed with the index method of Good,

Nadiri and Sickles (1996). In this method, cross-firm differences in production technology
at the nace2-digit level are allowed. The index consists of two parts: one part that reflects
the changes in productivity of the representative firm over time and another part that
represents the change in TFP of a firm in comparison to the representative firm. The
representative firm is indicated by an asterisk12. Total factor productivity is given by the
following formula:

TFPit =

[

(yit − y∗t ) +
t∑

s=2

(
y∗s − y∗s−1

)
]

(6)

−

[
1

2

n∑

j=1

(
Sijt + S∗jt

) (
xijt − x∗jt

)
+

n∑

j=1

t∑

s=2

1

2

(
S∗js + S∗j,s−1

) (
x∗js − x∗j,s−1

)
]

In this equation, yit is the log value added of firm i in period t, S is the share in total
costs of each of the production factors and xijt is the log quantity factor j used in the
production of firm i at time t.

12For the representative firm, the values of the different variables are equal to the mean of those
variables for all firms in a certain year.
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Once total factor productivity is obtained in the first step of the two-step procedure,
it is introduced as the dependent variable in the second step. In this step, the estimated
total factor productivity is related to FDI spillover variables (horizontal, backward and
forward), a set of control variables and time dummies. This relationship is given by
equation 7:

TFPijt = αi + ψ1f (FDIjt) + ψ2Zi(j)t + αt + ξijt (7)

In this equation, FDIjt is a vector of spillover variables, Zi(j)t is a vector of control
variables and αt are time dummies. This equation is differentiated, after which region (αr)
and industry (αj) dummies are added and then estimated by OLS (at the firm-level)

13:

∆TFPijrt = ψ′1∆f (FDIjt) + ψ′2∆Zi(j)t + αt + αj + αr + εijrt (8)

The set of control variables Z consists of a Herfindahl index of industry concentration,
industry import competition, industry export intensity, the share of supplied intermediates
(in total industry output), firm age and firm size. Standard errors are clustered at the
industry level and year level, as some of the variables are at the industry level (Moulton,
1990). In this framework, the spillover variables are considered to be additional inputs,
that help explain total factor productivity. The magnitude, sign and significance are
indicative of the existence of spillover effects.

In this study, the two-step procedure is used to study FDI spillovers from multination-
als in Romania. In the first step, we estimate TFP of a panel of Romanian manufacturing
firms with at least five employees. In the second step, we relate the estimated TFP to a
set of FDI spillover variables, a set of control variables (Z) and time, industry and region
dummies. The following section discusses the panel data set in detail.

3.2 Data

A Romanian firm-level panel data set is used to analyze FDI spillover effects from firms
in all industries and spillovers from manufacturing and services firms on Romanian man-
ufacturing enterprises from 1995 to 2005. The data set is constructed using the Amadeus
database by Bureau Van Dijk (Electronic Publishing). The Amadeus database holds fin-
ancial information on public and private companies across Europe (Bureau Van Dijk,
2011). As the database contains detailed information on financials, ownership, corporate
structure and many other features, it is an excellent tool for empirical research in a wide
range of fields. In order to get a full overview of financials and ownership through time,
multiple DVDs published by Bureau Van Dijk were used to construct the database. The
data obtained from these DVDs was cleaned and missing information was filled out where
possible.
The data were deflated with industry price level data at nace2-digit level. Price level

data was extracted from the Statistical Yearbook of the RNSO and the Industrial Data-
base for Eastern Europe from the Vienna Institute for International Economic Studies.

13The time dummies are not eliminated by differencing the equation. These dummies control for the
business cycle.
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To construct real output (Y), operating revenues are deflated with producer price
indices. Labour (L) equals the number of employees. Real capital (K) is the ratio of fixed
assets and the average of the deflators of the following nace2-digit industries: machinery
and equipment (code 29), office machinery and computing (code 30), electrical machinery
and apparatus (code 31), motor vehicles, trailers and semi-trailers (code 34) and other
transport equipment (code 35). By deflating material inputs with a weighted intermediate
input deflator, real material inputs (M) are obtained.
In this study, input-output tables at varying levels of industry aggregation are intro-

duced (at both the nace2-digit and the nace3-digit level). The IO-tables are also used
to create several of the control variables, specifically industry export intensity, import
competition and supplied intermediates variables.

This study focuses on FDI spillovers in Romania, as the country is very well covered
in the Amadeus database and only started to grab foreign investors’ attention in the
late 1990s. Although Romania has several features that make it an attractive country to
invest in (e.g. its labour pool, resources and geographic location), the country was not
as successful in drawing in FDI as were some of its neighbouring countries in the early
1990s. Hungary, Poland and the Czech Republic were the most attractive countries for
foreign investment at that time (UNCTAD, 2003).
FDI started entering Romania in the second half of the 1990s, after several privatiza-

tion and market access reforms had been conducted. These reforms were motivated by the
need for capital input, knowledge and an international distribution network (UNCTAD,
2003). FDI inflows in Romania peaked in 1997. Macroeconomic stabilization and an
improved business environment resulted in a sharp increase in FDI inflows in 2004, turn-
ing Romania into one of the main recipients of foreign investment in South-East Europe
(OECD, 2005; UNCTAD, 2005). In the following years, FDI inflows in Romania re-
mained high and even increased14 (UNCTAD 2007). As many greenfield and brownfield
investment projects are still in the pipeline, this trend seems to persist.
FDI in Romania is concentrated in the manufacturing industries and the main investors

are European countries (80% of the total FDI stock (Pauwels and Ionita, 2008)). Three
countries are particularly important: Austria, Germany and the Netherlands. These three
countries represent 50% of the total.

In this study, FDI spillovers from firms in all industries and from firms that operate in
manufacturing and services industries on manufacturing firms in Romania are examined.
Only firms with at least five employees are considered in the analysis. The analysis is
based on a panel data set covering the years 1995-200515. Some summary statistics of this
data set are provided by tables 1, 2 and 3. About 20% of the firms that operate on the
Romanian markets are foreign-owned. This percentage grew from 14% in 1995 to 22%
in 2005. The inflow of FDI in Romania resulted in an increasing importance of foreign-
owned firms. In Appendix A, an overview of total factor productivity and production

14The Romanian candidacy for EU accession and the EU enlargement in 2007 have been key factors
in this matter. Romania carried out several policies to qualify for EU membership, which improved the
country’s competitiveness and investment climate (UNCTAD, 2007).
15Due to issues of data availability, the tobacco industry (nace2-digit code 16; iocode 27) is not con-

sidered in the analysis. This industry is not included in the summary statistics overview. Adding or
eliminating the tobacco industry does not seem to affect results according to Merlevede, Schoors and
Spatareanu (2011).
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factor inputs for all firms, domestic firms and foreign firms is listed. Foreign firms are
larger in terms of employment and more productive (see table 11).
Table 2 provides an overview of the FDI spillovers constructed with IO-tables from

the RNSO (at the nace2-digit and the nace3-digit level). In this table, the mean and
standard deviation of spillovers from all foreign-owned firms are presented, as well as the
mean and standard deviation of spillovers from majority and minority foreign-owned firms
separately. Spillovers are on average higher in case of majority foreign ownership than for
minority foreign ownership.
Table 3 represents the share of ouput of foreign-owned firms for each nace2-digit in-

dustry in the years 1995 and 2005. This table allows to infer in which sectors foreign
production is relatively important. From the start, in 1995, foreign participation is high
in nace2-digit industries 23 (Coke, refined petroleum products and nuclear fuels), 30 (Of-
fice machinery and computers) and 32 (Radio, television and communication equipment
and apparatus). In 2005, foreign presence is higher in almost all industries. Table 4
presents a similar analysis for the Romanian classification of industries (iocode). This
classification allows a more detailed study of the ratio of foreign output to total output
for each industry. The rising importance of foreign production between 1995 and 2005 is
confirmed.

In order to get an overview of the importance of the level of industry aggregation in
the data, nace2-digit industry 15 is used as an example. The contribution of this industry
and each of its nine sub-industries to TFP growth is studied using figures 3, 4 and 5.
Figure 3 represents the contribution of the industry to TFP growth in terms of horizontal
spillovers, figures 4 and 5 cover the contributions of backward and forward spillovers
respectively. As indicated before, the level of industry aggregation is a key determinant
for FDI spillovers. If the level of disaggregation does not suffice, finding vertical spillover
effects becomes more difficult. We therefore expect the horizontal contribution to TFP
growth of industry 15 at the nace2-digit level to dominate horizontal effects at the nace3-
digit level (the contribution of each of the nine sub-industries separately). On the other
hand, the nine sub-industries of industry 15 are expected to each contribute more vertically
than nace2-digit industry as a whole. This hypothesis is strongly supported by figures
3 to 5. In figure 3, the contribution to TFP growth is of nace2-digit industry 15 as
a single industry exceeds the contributions of each of the sub-industries. On the other
hand, figures 4 and 5 demonstrate that each of the sub-industries contributes more to
TFP growth than the industry as a whole (industry 15 even seems to slow TFP growth
down). We can therefore conclude that the level of industry aggregation needs to be
studied thoroughly, as it is a very important determinant of spillover effects.

In conclusion, this study tries to discover whether there are FDI spillover effects from
all companies and from manufacturing and services firms separately in Romania. In
this section, the data set of Romanian manufacturing firms is outlined and the empirical
estimation procedure is discussed. The following section presents the estimation results
of the empirical analysis.
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All firms Of which foreign firms
# firms entry exit # firms entry exit penetration

1995 12081 1681 0.14
1996 14390 1650 2240 419 0.16
1997 15610 1054 91 2608 312 32 0.17
1998 16759 995 190 2997 327 59 0.18
1999 18040 1197 761 3451 370 169 0.19
2000 19464 1845 301 3926 472 72 0.20
2001 20891 1374 506 4443 445 118 0.21
2002 21896 1224 988 4778 332 305 0.22
2003 22561 1335 2444 4881 297 490 0.21
2004 21508 1065 562 4817 313 168 0.22
2005 20946 4102 4651 934 0.22

Table 1: Overview of the number of firms, entry, exit and the penetration of foreign firms
in the sample by year.

All foreign- Majority foreign- Minority foreign-
owned firms owned firms owned firms
mean sd mean sd mean sd

RNSO horizontal 0.40 0.16 0.30 0.15 0.06 0.06
nace3 backward 0.24 0.09 0.16 0.08 0.04 0.03

forward 0.26 0.10 0.18 0.09 0.05 0.03

mean sd mean sd mean sd
RNSO horizontal 0.40 0.12 0.29 0.12 0.06 0.05
nace2 backward 0.21 0.09 0.14 0.08 0.04 0.02

forward 0.26 0.10 0.18 0.09 0.05 0.03

Table 2: The mean and standard deviation of various spillover variables (in all cases
corrected for inputs supplied within the same industry). Spillovers are based on RNSO
IO-tables and cover the years 1995-2005.

nace2 1995 2005 nace2 1995 2005
15 0.14 0.16 27 0.15 0.36
17 0.14 0.33 28 0.11 0.18
18 0.12 0.27 29 0.15 0.27
19 0.17 0.36 30 0.28 0.25
20 0.11 0.23 31 0.21 0.44
21 0.19 0.28 32 0.31 0.47
22 0.17 0.16 33 0.20 0.22
23 0.55 0.54 34 0.15 0.35
24 0.20 0.33 35 0.13 0.18
25 0.16 0.28 36 0.15 0.22
26 0.12 0.22

Table 3: Overview of output-shares of foreign-owned firms in total output by nace2-digit
industry (years 1995 and 2005).
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iocode 1995 2005 iocode 1995 2005 iocode 1995 2005
18 0.09 0.11 40 0.12 0.27 60 0.11 0.18
19 0.19 0.32 41 0.26 0.37 61 0.21 0.26
20 0.15 0.39 42 0.36 0.39 62 0.12 0.23
21 0.17 0.27 43 0.12 0.19 63 0.05 0.27
22 0.11 0.15 44 0.35 0.49 64 0.16 0.32
23 0.10 0.14 45 0.07 0.16 65 0.15 0.25
24 0.15 0.27 46 0.19 0.30 67 0.29 0.47
25 0.15 0.15 47 0.09 0.20 68 0.28 0.25
26 0.22 0.24 48 0.04 0.24 69 0.21 0.44
28 0.14 0.33 49 0.22 0.12 70 0.31 0.47
29 0.12 0.27 50 0.09 0.18 71 0.20 0.23
30 0.06 0.15 51 0.53 0.53 72 0.15 0.35
31 0.17 0.36 52 0.11 0.19 73 0.11 0.17
32 0.11 0.22 53 0.17 0.23 74 0.14 0.14
33 0.19 0.28 54 0.09 0.32 75 0.00 0.24
34 0.17 0.16 55 0.06 0.63 76 0.77 0.71
35 1.00 0.00 56 0.26 0.45 77 0.14 0.20
36 0.53 0.55 57 0.25 0.47 78 0.20 0.34
38 0.14 0.32 58 0.32 0.60
39 0.00 0.20 59 0.10 0.18

Table 4: Overview of output-shares of foreign-owned firms in total output by a Romanian
classification of industries (years 1995 and 2005).
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Figure 3: Graphical representation of the contribution of nace2-digit industry 15 and its
sub-industries to TFP growth, in terms of horizontal spillovers.
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Figure 4: Graphical representation of the contribution of nace2-digit industry 15 and its
sub-industries to TFP growth, in terms of backward spillovers.
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Figure 5: Graphical representation of the contribution of nace2-digit industry 15 and its
sub-industries to TFP growth, in terms of forward spillovers.
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4 Results

In this section, estimation results of the previously discussed model are presented in four
sections. The first three sections are each devoted to one of the issues of interest, the final
section discusses the robustness of the estimation results. In all cases, the distinction is
made between spillover effects from all firms and spillovers from manufacturing firms and
services firms on Romanian manufacturing firms with at least five employees16. Although
several control variables are included in the analysis, estimation results for these variables
are not reported. FDI spillovers are constructed with input-output tables from the RNSO
for the years 1995-2005.

4.1 The level of industry aggregation

In this section, the effects of adopting different levels of industry aggregation are discussed.
To this end, both FDI spillover effects from all firms and spillover effects from manufac-
turing and services firms separately on Romanian manufacturing firms with at least five
employees are studied. FDI spillovers are constructed at the nace2-digit level and the
nace3-digit level for the years 1995-2005. The spillovers are calculated from time-varying
RNSO IO-tables. The estimation results are represented by tables 5 and 6.
When spillover effects from all firms are considered (table 5), there is not much evidence

of vertical spillovers. At the nace2-digit level of aggregation, positive and statistically
significant horizontal spillovers are found (p<0.10). There is some evidence of positive
horizontal spillovers at the nace3-digit level of aggregation, but as table 12 shows this
effect is not very robust. The estimation results indicate that part of the horizontal
spillover disappears at a higher level of disaggregation.
In table 6, estimation results for firms that operate in manufacturing (M) and services

(S) industries are introduced. In this case, horizontal spillover effects do not appear to
be of importance. Spillovers of manufacturing firms outweigh those of services firms. The
forward spillover is negative, specifically at the nace2-digit level. Romanian manufacturing
firms that receive inputs from MNEs do not seem to benefit from this relationship. There
is also an indication of a positive backward spillover effect, but only at the nace3-digit
level. This means that the productivity of Romanian firms improves by supplying to
MNEs.
As estimation results vary between the nace2-digit and the nace3-digit level, the level

of industry aggregation is an important element to consider. In the following section,
results will always be presented and compared for both levels of aggregation.

4.2 The ownership structure

By distinguishing between majority and minority foreign-owned firms, the effects of the
ownership structure on foreign direct investment spillovers are explored. Firms are clas-
sified as majority foreign-owned if foreign participation is at least 50% and minority
foreign-owned if foreign participation is between 10% and 50%. The analysis is conducted

16Only firms with on average at least five employees in the full sampling period are kept.
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ACF OP ACF OP

horizontal 0.587* 0.183 1.059* 0.324*

[0.345] [0.124] [0.621] [0.186]

backward 0.563 0.183 -0.579 -0.397

[1.003] [0.416] [1.214] [0.586]

forward 0.093 0.022 -0.259 0.013

[1.131] [0.439] [1.590] [0.613]

# obs. 78,393 105,348 78,592 105,583

R² 0.087 0.052 0.090 0.053

RNSO-nace3 RNSO-nace2

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 5: FDI spillovers from all firms on Romanian manufacturing firms with at least five
employees for the years 1995-2005.

ACF OP ACF OP

horizontal 0.483 0.138 0.947 0.280

[0.340] [0.117] [0.627] [0.179]

backward M 1.122 0.503* 1.045 0.547

[0.898] [0.298] [1.775] [0.731]

forward M -1.488 -0.658* -3.375** -1.092*

[0.989] [0.360] [1.629] [0.602]

backward S -0.905 -0.339 -0.055 0.099

[0.843] [0.337] [0.922] [0.386]

forward S 2.077 0.807 -0.848 -0.122

[2.234] [0.932] [2.198] [0.856]

# obs. 78,393 105,348 78,592 105,583

R² 0.092 0.057 0.095 0.056

RNSO-nace3 RNSO-nace2

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 6: FDI spillovers from manufacturing and services firms on Romanian manufactur-
ing firms with at least five employees for the years 1995-2005. Manufacturing firms are
denoted by M, services firms are denoted by S.
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ACF OP ACF OP

horizontal majority 1.263*** 0.372*** 1.642** 0.487**

[0.398] [0.142] [0.667] [0.220]

horizontal minority -0.459 -0.089 0.089 0.024

[0.304] [0.091] [0.550] [0.202]

backward majority 0.434 0.203 -0.845 -0.459

[1.112] [0.387] [1.324] [0.620]

backward minority 2.415** 0.860 3.112** 1.098

[1.001] [0.545] [1.284] [0.697]

forward majority -1.826* -0.782* -3.100* -1.149*

[1.028] [0.417] [1.683] [0.600]

forward minority 1.788 0.493 1.591 0.468

[1.194] [0.475] [1.638] [0.596]

# obs. 78,393 105,348 78,592 105,583

R² 0.101 0.060 0.104 0.062

RNSO-nace3 RNSO-nace2

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 7: FDI spillovers from all firms on Romanian manufacturing firms with at least
five employees for the years 1995-2005. The effects of the ownership structure on FDI
spillovers are studied.

for spillover effects from all firms and spillovers from manufacturing and services firms for
the years 1995-2005 as before. Estimation results are presented by tables 7 and 8.
In table 7, horizontal majority spillovers are statistically significant in all cases (p<0.01

at the nace3-digit level, p<0.05 at the nace2-digit level). Domestic firms clearly benefit
from the presence of majority foreign-owned subsidiaries in their industry. When subsidi-
aries are majority-owned, MNEs may transfer more (advanced) technology. As a result,
local firms have more opportunities to pick up technology and boost their productivity.
In all cases, the forward majority spillover is negative. This can possibly be the result
of MNEs supplying products that are too expensive or technologically advanced for local
firms. The backward minority spillover is positive. The productivity of domestic firms
increases if they can supply goods to a MNE (e.g. through the demonstration channel).
When only spillover effects frommanufacturing and services firms are introduced (table

8), the same conclusions hold for the horizontal majority spillover. The previously found
vertical spillovers effects clearly originate from manufacturing firms. The signs of both
the backward and the forward spillovers are unchanged, but the spillover effects are much
stronger (both in terms of statistical significance and magnitude). There is only a weak
indication of a positive forward majority spillover effect for the services industries.
The aforementioned findings correspond to the conclusions in the literature. Note that

when the ownership structure is taken into account, estimation results at the nace2-digit
and the nace3-digit level of industry aggregation are more alike. From the estimation
results, the ownership structure proves to be a key element to consider in FDI spillover
analysis.
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ACF OP ACF OP

horizontal majority 1.357*** 0.374*** 1.827*** 0.551**

[0.389] [0.141] [0.637] [0.234]

horizontal minority -0.457 -0.079 0.270 0.123

[0.289] [0.091] [0.511] [0.173]

backward majority M 1.038 0.374 -0.846 -0.089

[1.022] [0.311] [2.239] [0.982]

backward minority M 3.212*** 1.305*** 4.165*** 1.646***

[0.789] [0.339] [0.996] [0.400]

forward majority M -2.367** -1.110*** -5.398*** -2.075***

[0.939] [0.334] [1.890] [0.638]

forward minority M 1.424 0.521 -0.065 0.459

[3.010] [1.412] [4.235] [1.725]

backward majority S 1.085 0.369 0.720 0.210

[1.525] [0.610] [1.127] [0.456]

backward minority S -2.039 -1.430 -2.372 -2.322

[2.932] [1.507] [5.010] [2.740]

forward majority S 6.027** 1.586 0.956 -0.065

[2.616] [1.074] [3.336] [1.224]

forward minority S -8.244 -0.595 -3.355 0.471

[9.759] [3.892] [9.408] [3.641]

# obs. 78,393 105,348 78,592 105,583

R² 0.108 0.068 0.112 0.070

RNSO-nace3 RNSO-nace2

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 8: FDI spillovers from manufacturing and services firms on Romanian manufactur-
ing firms with at least five employees for the years 1995-2005. Manufacturing firms are
denoted by M, services firms are denoted by S. The effects of the ownership structure on
FDI spillovers are studied.
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4.3 Computational issues

In this section, two computational issues of spillover calculation are tackled. First, the
impact of including or excluding inputs supplied within the same industry is explored.
To this end, the vertical spillovers are constructed in three distinct ways, each time ad-
apting the technical coefficients. The methodology commonly used in the literature in
the computation of vertical spillovers is based on the work of Javorcik (2004). In this
methodology, inputs supplied within the same industry are excluded from the technical
coefficients of the vertical spillovers, as these inputs are already captured by the horizontal
spillovers.
Second, production for final uses and exports is included in the backward spillover

(instead of only accounting for intermediate consumption). This is in line with the work
by Barrios et al. (2011).
The estimation results for both computational issues are represented in one table:

table 9 when spillovers from all firms are considered and table 10 when only spillovers
from manufacturing and services firms are studied. The analysis is done on a panel of
Romanian manufacturing firms with at least five employees for the years 1995-2005. The
estimation results of the previous sections are taken into account: the distinction is made
between majority and minority foreign-owned firms and results are presented for both the
nace3-digit and the nace2-digit level of industry aggregation.

Tables 9 and 10 both consist of five columns ranging from (1) to (5). In columns (1)
to (3), estimation results for the first computational issue are displayed. Columns (4) and
(5) cover the results of the second computational issue. In all cases, the ACF methodology
is used in the estimation of total factor productivity.
Concerning the first computational issue, three versions of technical coefficients are

created and then vertical spillovers are computed. In this section, only the construction
of the technical coefficients is looked into. For more details on the construction of the
vertical spillovers, we refer to section 2. The technical coefficients are assembled using IO-
tables. For each row and column of the IO-table, the row and column total are calculated.
Three distinct versions of the technical coefficients are created. First, the inputs of the
IO-tables are used to construct the totals and the technical coefficients (as they are found
in the IO-table). Second, inputs are set to zero if they are supplied within the same sector
but the row and column totals are not corrected. Third, inputs are set to zero if they are
supplied within the same industry and row and column totals are corrected for this issue.
Specifically, first all inputs on the diagonal of the IO-table are set to zero and then the row
and column totals are recomputed. Vertical spillovers are constructed with all three types
of technical coefficients and the estimation procedure is conducted as before. Estimation
results of the three versions are included in columns (1), (2) and (3) respectively.
For the second computational issue, the backward spillover variable is reconstructed

and the estimation analysis is repeated. The analysis is done in two different ways.
First, all control variables are included in the analysis (industry concentration, import
competition, export intensity, the shares of supplied intermediates, firm age and firm
size). Second, only the Herfindahl index of industry concentration is used as a control
variable. Possibly, no impact of the corrected backward spillover is found because exports
and final uses are already controlled for by the control variables in the first version. To
verify whether this is the case, the estimation procedure is repeated without any controls
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in the second version (except for the Herfindahl index). Estimation results of both versions
are included in columns (4) and (5) respectively.

Table 9 presents FDI spillovers from all firms. Previous conclusions on the hori-
zontal majority spillover are confirmed. The estimation results on the backward minority
spillover are strongly positive. The effects on the forward spillover seem to vary, according
to the technical coefficients used. At the nace3-digit level, the evidence on the backward
minority spillover is stronger than in the case of nace2-digit. On the other hand, the for-
ward majority spillover has more consistent effects at the nace2-digit level. When columns
(1), (2) and (3) are compared, differences in estimation results can be noted, especially
at the nace3-digit level of industry aggregation. Estimation results for both versions of
the corrected backward spillover are similar.
Table 10 includes estimation results for spillovers from manufacturing and services

firms separately. Evidence points to a strong positive horizontal majority spillover at
both levels of industry aggregation. For the vertical spillovers, estimation results at the
nace3-digit level differ to a large extent from results obtained at the nace2-digit level.
While there is no evidence of vertical spillovers from services firms at the nace2-digit level
of aggregation, the forward majority spillover is positive in all cases at the nace3-digit
level. This finding confirms our hypothesis that the level of industry aggregation is of
importance for the spillover effects that can be found. At both the nace2-digit and the
nace3-digit level, spillovers from manufacturing firms outweigh those of services firms.
The backward minority spillovers are positive, whereas the forward majority spillover is
negative. When columns (1) to (3) are compared, again some differences in estimated
effects are found. The results in columns (4) and (5) are similar.

In summary, the level of industry aggregation and the ownership structure are very
important elements to consider in the analysis of FDI spillovers. Including or excluding
inputs supplied within the same industry affects results. The impact of correcting the
backward spillover for final uses and exports seems limited.

4.4 Robustness

In this section, the robustness of the estimation results is examined. First, alternative
measures of total factor productivity are used in the estimation procedure. Second, the
control variables that are included in the analysis are changed, as are the industries
considered. Third, the sensitivity of the estimation results of the ownership structure
is tested with alternative thresholds of foreign participation. All estimation results are
included in Appendix B. Note that only the robustness tests of spillover effects of all firms
are represented in the tables. The robustness of the estimation results for manufacturing
and services firms are discussed, but not included in this paper.
First, in all previously estimated models, alternative measures of total factor pro-

ductivity are introduced and then the analysis is repeated. The results of this robustness
test are given by tables 12 and 13. The alternative versions of TFP used in this paper are
FE, LP, DPD, TL, INDEX and TFP in terms of labour productivity. As indicated before,
the positive statistically significant horizontal spillover at the nace3-digit level is not very
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(1) (2) (3) (4) (5)

horizontal majority 1.111** 1.263*** 1.243*** 1.287*** 1.290***

[0.519] [0.398] [0.401] [0.382] [0.388]

horizontal minority -1.274*** -0.459 -0.469 -0.376 -0.348

[0.319] [0.304] [0.302] [0.300] [0.301]

backward majority 1.293 0.434 0.695 -1.146 0.143

[0.912] [1.112] [0.916] [1.746] [1.644]

backward minority 2.389** 2.415** 1.770** 6.403*** 6.759***

[0.980] [1.001] [0.744] [1.412] [1.431]

forward majority -1.268 -1.826* -1.024 -1.436 -1.684

[0.894] [1.028] [0.718] [1.086] [1.049]

forward minority 2.102* 1.788 1.344* 2.084* 1.651

[1.081] [1.194] [0.782] [1.102] [1.145]

# obs. 78,393 78,393 78,393 78,393 80,800

R² 0.103 0.101 0.101 0.104 0.099

(1) (2) (3) (4) (5)

horizontal majority 2.945*** 1.642** 1.857*** 1.615** 1.683**

[1.074] [0.667] [0.713] [0.643] [0.655]

horizontal minority -0.713 0.089 -0.065 0.282 0.307

[0.520] [0.550] [0.563] [0.523] [0.561]

backward majority -0.550 -0.845 -1.911 -1.722 -0.679

[1.397] [1.324] [1.281] [1.843] [1.950]

backward minority 2.947** 3.112** 1.545 8.055*** 8.587***

[1.325] [1.284] [1.168] [1.759] [1.789]

forward majority -3.438** -3.100* -2.525** -2.921* -3.020*

[1.711] [1.683] [1.240] [1.619] [1.680]

forward minority 1.456 1.591 0.777 1.976 1.425

[1.491] [1.638] [1.160] [1.570] [1.578]

# obs. 78,592 78,592 78,592 78,592 81,002

R² 0.105 0.104 0.103 0.109 0.103

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

RNSO-nace2

RNSO-nace3

Table 9: FDI spillovers from all firms on Romanian manufacturing firms with at least five
employees for the years 1995-2005. Estimation results for two computational issues.
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(1) (2) (3) (4) (5)

horizontal majority 1.283** 1.357*** 1.401*** 1.387*** 1.367***

[0.514] [0.389] [0.401] [0.375] [0.384]

horizontal minority -1.353*** -0.457 -0.419 -0.394 -0.371

[0.332] [0.289] [0.283] [0.281] [0.279]

backward majority M 1.521* 1.038 0.415 -0.889 0.491

[0.889] [1.022] [0.827] [1.669] [1.806]

backward minority M 2.922*** 3.212*** 2.262*** 6.852*** 7.257***

[0.813] [0.789] [0.599] [1.593] [1.615]

forward majority M -1.803** -2.367** -1.580** -2.179** -2.424**

[0.801] [0.939] [0.682] [1.043] [0.992]

forward minority M 1.904 1.424 1.631 1.753 0.729

[2.010] [3.010] [1.996] [2.780] [2.780]

backward majority S 1.778 1.085 1.575 -0.003 0.667

[1.475] [1.525] [1.452] [3.112] [3.212]

backward minority S -2.253 -2.039 -1.200 5.194 7.248

[3.000] [2.932] [2.307] [5.461] [5.458]

forward majority S 6.079** 6.027** 4.060** 5.469** 5.656**

[2.553] [2.616] [1.996] [2.471] [2.433]

forward minority S -8.148 -8.244 -3.566 -5.799 -8.491

[9.076] [9.759] [7.390] [9.038] [8.386]

(1) (2) (3) (4) (5)

horizontal majority 3.213*** 1.827*** 1.925*** 1.700*** 1.712***

[1.050] [0.637] [0.600] [0.599] [0.622]

horizontal minority -0.683 0.270 0.181 0.194 0.253

[0.570] [0.511] [0.493] [0.465] [0.499]

backward majority M 0.625 -0.846 -3.355* -5.792 -2.049

[1.930] [2.239] [1.926] [4.768] [4.716]

backward minority M 3.547*** 4.165*** 2.760*** 8.366*** 9.046***

[1.055] [0.996] [0.797] [2.031] [1.970]

forward majority M -5.000*** -5.398*** -3.600*** -5.197*** -4.990**

[1.687] [1.890] [1.365] [1.902] [1.930]

forward minority M 0.658 -0.065 0.630 0.001 -0.667

[3.166] [4.235] [3.013] [3.967] [3.875]

backward majority S 0.171 0.720 -0.761 -0.089 -0.107

[1.213] [1.127] [1.215] [2.089] [2.152]

backward minority S -2.525 -2.372 -2.761 6.546 12.575*

[5.046] [5.010] [3.462] [8.368] [7.198]

forward majority S -0.277 0.956 0.141 0.910 0.946

[3.388] [3.336] [2.856] [3.241] [3.206]

forward minority S -3.631 -3.355 -0.045 -0.787 -1.220

[9.505] [9.408] [8.048] [8.822] [8.468]

RNSO-nace3

RNSO-nace2

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 10: FDI spillovers from manufacturing and services firms on Romanian manufac-
turing firms with at least five employees (years 1995-2005). Estimation results for two
computational issues. Approximately 78,000 observations, R-squared 0.10 in all cases.
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robust, whereas the existence of this spillover at the nace2-digit level is confirmed. When
the robustness of the ownership structure is examined, results appear to be robust to
varying measures of TFP (as can be inferred from table 13 ). The estimation results for
spillovers of manufacturing and services firms appear to be robust as well.
Second, the robustness of the estimation results is tested by adapting the control vari-

ables and industries included. First, all estimations are repeated, excluding one sector
from the analysis. This does not seem to affect results (not presented in a table). Second,
the control variables used in the analysis are changed by (i) excluding three control vari-
ables (industry concentration, import competition and the share of supplied intermedi-
ates) and by (ii) excluding one of the control variables when estimating the models. The
results of this robustness test are presented in table 14 (ACF as measures of TFP in all
cases). Column (1) covers the results when three controls are excluded. Columns (2)
to (7) cover results excluding the Herfindahl index, import competition, intermediates,
export intensity, firm age and firm size respectively. Estimation results are not affected by
these variations. The same conclusions hold when the ownership structure is considered
and when spillovers from manufacturing and services firms are studied.
Third, the importance of the ownership structure is evaluated with spillovers at differ-

ent thresholds of ownership17. The estimation results of this robustness test can be found
in table 15. The effects on the vertical spillovers are similar, the horizontal spillover is no
longer statistically significant.

5 Conclusions

As empirical research on foreign direct investment spillovers has provided mixed results,
the search for measures that allow the capture of spillover effects continues. This study
tries to add to the discussion by investigating FDI spillovers on Romanian manufacturing
firms with at least five employees from 1995 until 2005. Spillovers from all industries and
spillovers from manufacturing and services industries are considered. The data set in the
analysis is constructed using the Amadeus database by bureau Van Dijk. The import-
ance of the level of industry aggregation, the ownership structure and two computational
aspects are explored.
By comparing spillovers computed with IO-tables at the nace2-digit and the nace3-

digit level, the effects of varying the level of industry aggregation on FDI spillovers are
studied. As part of the IO-coefficients that belong to the horizontal spillover at the nace2-
digit level are absorbed by vertical spillovers at the nace3-digit level, the level of industry
aggregation determines which spillovers can be captured. Estimation results confirm this
hypothesis. There is primarily evidence from vertical spillovers at the nace3-digit level,
whereas horizontal spillovers appear at the nace2-digit level.
The ownership structure of the foreign affiliate also plays a considerable role for FDI

spillovers to occur. In some cases the degree of foreign ownership (e.g. majority or
minority foreign-owned) facilitates the transfer of technology whereas in other cases it is
restricted. Horizontal spillovers of majority foreign-owned subsidiaries are positive and
statistically significant. This might indicate that MNEs require a sufficient level of control
of their affiliates before transferring advanced technology or to transfer it in a sufficiently

17fl (full): foreign ownership at least 90%; jv (joint venture): foreign ownership between 10% and 90%
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large degree. If this is the case, there are more interesting opportunities for domestic
firms. Forward spillovers turn out to be negative if the subsidiary is majority foreign-
owned. This can be interpreted as an indication of multinationals supplying products
that are too expensive or technologically complex for local customers to use. Backward
spillovers are positive when the foreign participation in the affiliate does not exceed 50%
(minority foreign-owned). Minority ownership might stimulate MNEs to cooperate more
closely with local suppliers, which is beneficial for the latter. The backward spillovers
are particularly relevant when spillover effects from manufacturing firms separately are
considered.
Two computational issues are explored: (i) the impact of including inputs supplied

within the same industry in het vertical spillovers and (ii) the impact of incorporating pro-
duction for exports and final uses in the backward spillover. Including or excluding inputs
supplied within the same industry in the technical coefficients of the vertical spillovers
seems to affect results. In some cases, estimation results diverge if a different measure
is used. The impact of controlling for exports and final uses in the backward spillover is
not very large. In both cases the estimations were repeated with the newly constructed
vertical spillover variables.
Foreign direct investment in Romania has positive spillover effects on firms in the

same industries as the foreign subsidiary and firms that supply to them (particularly
when spillover effects from manufacturing firms separately are studied). The level of
industry aggregation, based on the classification in input-output tables, and the degree of
foreign ownership of the foreign affiliate are key determinants for FDI spillovers. These
factors need to be taken into account in further empirical research.
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Appendix

APPENDIX A: Summary statistics

Table 11 provides an overview of various measures of total factor productivity and
production factor inputs (labour, capital and materials). The distinction is made between
all firms, domestic firms and foreign firms. In all cases the mean and standard deviation
are given. All variables are at the firm-level. The table covers the years 1995-2005.
Total factor productivity can be estimated in several ways. The benefits and issues of

every estimation procedure are discussed in section 3.1. TFP is estimated by fixed effects
(FE); the procedure of Blundell and Bond (1998) (DPD); the approaches of Olley and
Pakes (1996) (OP), Levinsohn and Petrin (2003) (LP) and Ackerberg, Caves and Frazer
(2008) (ACF); and the Index method as used by Good et al. (1996) (Index). The TFP
equation’s specification is also changed from Cobb Douglas to translog (TL). Finally, the
logarithm of labour productivity is introduced as a measure as well.

All firms Domestic firms Foreign firms
n = 204146 n = 163673 n = 40473
mean sd mean sd mean sd

ln real output 13.63 2.08 13.46 2.02 14.32 2.15
ln employment 2.93 1.48 2.80 1.42 3.46 1.61
ln real capital 12.06 2.42 11.83 2.37 12.98 2.40
ln real materials 12.91 2.34 12.80 2.27 13.33 2.57
ln tfp ACF 5.74 1.52 5.69 1.52 5.95 1.47
ln tfp DPD 2.13 1.38 2.09 1.37 2.28 1.41
ln tfp FE 1.90 0.99 1.85 0.94 2.10 1.16
ln tfp Index 0.02 1.15 -0.02 1.14 0.17 1.15
ln tfp LP 7.00 1.85 6.94 1.87 7.22 1.75
ln tfp OP 1.97 0.94 1.94 0.92 2.09 1.02
ln tfp TL 6.12 2.26 6.08 2.25 6.30 2.11

ln log lab.prod. 10.77 1.51 10.73 1.48 10.93 1.62

Table 11: Overview of firm-level variables for the years 1995-2006 (the mean and standard
deviation of various types of total factor productivity and production factor inputs).
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APPENDIX B: Robustness analysis

The estimation results of the robustness analysis are presented in tables 12 , 13, 14
and 15.

FE LP DPD TL INDEX Lab. prod.

horizontal 0.189 0.580* 0.199* 0.184 0.617 -0.038

[0.123] [0.349] [0.119] [0.124] [0.504] [0.193]

backward 0.248 0.526 0.258 0.241 0.584 -0.837

[0.421] [1.010] [0.407] [0.416] [1.539] [0.706]

forward -0.006 0.163 0.046 -0.021 0.349 0.085

[0.438] [1.139] [0.428] [0.441] [1.626] [0.506]

# obs. 105,400 85,337 105,400 105,400 78,711 135,805

R² 0.043 0.094 0.052 0.047 0.094 0.329

FE LP DPD TL INDEX Lab. prod.

horizontal 0.322* 1.033* 0.331* 0.304* 0.665 -0.078

[0.180] [0.623] [0.172] [0.182] [0.818] [0.418]

backward -0.260 -0.617 -0.331 -0.299 -0.413 -1.367

[0.606] [1.218] [0.583] [0.595] [1.683] [1.164]

forward -0.035 -0.112 0.111 -0.077 0.337 -0.015

[0.620] [1.589] [0.594] [0.627] [2.121] [0.817]

# obs. 105,635 85,560 105,635 105,635 78,918 136,078

R² 0.042 0.095 0.051 0.047 0.092 0.329

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

RNSO-nace3

RNSO-nace2

Table 12: Robustness analysis of FDI spillovers from all firms on Romanian manufacturing
firms with at least five employees. TFP is estimated by alternative measures and the
estimation procedure is repeated. The years 1995-2005 are covered.
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FE LP DPD TL INDEX

horizontal majority 0.375*** 1.237*** 0.391*** 0.390*** 1.234**

[0.143] [0.401] [0.141] [0.142] [0.561]

horizontal minority -0.095 -0.430 -0.095 -0.091 -0.576

[0.094] [0.303] [0.089] [0.093] [0.524]

backward majority 0.322 0.365 0.234 0.325 0.305

[0.391] [1.098] [0.378] [0.389] [1.521]

backward minority 0.806 2.460** 0.946** 0.799 4.129**

[0.572] [0.963] [0.464] [0.549] [1.863]

forward majority -0.768* -1.886* -0.749* -0.802* -1.955

[0.410] [1.020] [0.407] [0.422] [1.397]

forward minority 0.452 1.957 0.557 0.438 3.820**

[0.485] [1.189] [0.448] [0.481] [1.784]

# obs. 105,400 85,337 105,400 105,400 78,711

R² 0.049 0.107 0.060 0.056 0.118

RNSO-nace2

FE LP DPD TL INDEX

horizontal majority 0.494** 1.621** 0.499** 0.517** 0.978

[0.216] [0.670] [0.213] [0.218] [0.839]

horizontal minority 0.000 0.097 -0.004 -0.007 0.406

[0.201] [0.547] [0.188] [0.199] [0.891]

backward majority -0.222 -0.914 -0.420 -0.297 -0.292

[0.666] [1.306] [0.629] [0.639] [1.870]

backward minority 1.039 3.104** 1.074* 1.057 5.448**

[0.734] [1.244] [0.642] [0.692] [2.229]

forward majority -1.132* -2.956* -0.879 -1.225** -2.550

[0.584] [1.647] [0.549] [0.619] [2.580]

forward minority 0.403 1.741 0.481 0.387 3.805**

[0.590] [1.636] [0.572] [0.589] [1.887]

# obs. 105,635 85,560 105,635 105,635 78,918

R² 0.050 0.110 0.058 0.057 0.114

RNSO-nace3

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 13: Robustness analysis of FDI spillovers from all firms on Romanian manufacturing
firms with at least five employees. TFP is estimated by alternative measures and the
estimation procedure is repeated, taking the ownership structure into account. The years
1995-2005 are covered.
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(1) (2) (3) (4) (5) (6) (7)

horizontal 0.568 0.536 0.591* 0.617* 0.579* 0.582* 0.586*

[0.367] [0.349] [0.345] [0.362] [0.346] [0.344] [0.345]

backward 0.595 0.558 0.630 0.514 0.581 0.551 0.563

[1.006] [0.996] [0.999] [1.019] [1.012] [0.999] [1.003]

forward -0.116 0.074 0.051 -0.029 0.114 0.101 0.093

[1.136] [1.128] [1.131] [1.139] [1.140] [1.119] [1.131]

# obs. 78,393 78,393 78,393 78,393 78,592 80,800 78,393

R² 0.084 0.087 0.087 0.085 0.087 0.086 0.087

(1) (2) (3) (4) (5) (6) (7)

horizontal 0.907 0.821 1.093* 1.106* 1.085* 1.054* 1.058*

[0.638] [0.617] [0.631] [0.634] [0.630] [0.616] [0.621]

backward -0.588 -0.652 -0.541 -0.558 -0.543 -0.602 -0.579

[1.198] [1.178] [1.212] [1.236] [1.209] [1.203] [1.214]

forward -0.468 -0.313 -0.267 -0.394 -0.348 -0.258 -0.260

[1.571] [1.549] [1.589] [1.608] [1.609] [1.569] [1.590]

# obs. 78,592 78,592 78,592 78,592 78,592 81,002 78,592

R² 0.085 0.087 0.089 0.088 0.089 0.089 0.090

RNSO-nace3

RNSO-nace2

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

Table 14: Robustness analysis of FDI spillovers from all firms on Romanian manufacturing
firms with at least five employees. The years 1995-2005 are covered. Columns (1) to (7)
include varying control variables.
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ACF OP ACF OP

horizontal fl 0.886 0.159 1.011 0.110

[0.590] [0.206] [0.854] [0.287]

horizontal jv 0.519 0.195 0.936* 0.315**

[0.410] [0.119] [0.547] [0.159]

backward fl -1.130 -0.713 -3.693 -1.620

[1.891] [0.784] [2.652] [1.212]

backward jv 2.726*** 1.199*** 2.998** 1.080*

[0.834] [0.353] [1.287] [0.590]

forward fl -2.424 -1.085* -2.933 -1.271*

[1.522] [0.568] [2.342] [0.733]

forward jv 0.603 0.180 0.307 0.082

[1.038] [0.368] [1.442] [0.523]

# obs. 78,393 105,348 78,592 105,583

R² 0.092 0.057 0.097 0.059

Robust t-statistics in brackets: */**/*** significant at 10%/5%/1%.

RNSO-nace2RNSO-nace3

Table 15: Robustness analysis of FDI spillovers from all firms on Romanian manufacturing
firms with at least five employees. The years 1995-2005 are covered. Columns (1) to (7)
include varying control variables.
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