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Abstract

This paper analyzes whether firms that engage in outward foreign direct

investment, experience productivity gains in their domestic plants. To this end,

we apply the methodology of De Loecker (2013) to firm-level data on the Slovenian

manufacturing industry from 1994 to 2002. Our findings indicate that firms that

invested abroad experience a higher productivity growth than firms that did not,

controlling for many relevant variables such as past productivity, export status

and industry of the firm. The gains only occur for investments outside of former

Yugoslavia. They are larger for initially more productive firms and only occur

some years after the investment.
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1 Introduction

Productivity differences between exporters and non-exporters have been investigated

extensively since the middle of the nineties when researchers discovered the richness of

firm-level trade data. Since then, a robust fact with only a few exceptions has emerged

from various studies: exporters are more productive than firms selling only on the

domestic market, see the surveys Wagner (2007) and Wagner (2012) for an overview.

Firms engaging in outward foreign direct investment (FDI) are also found to be more

productive than other firms, and even more productive than exporters. A major question

in the literature is: what causes these productivity differences? Is it purely self selection,

where more productive firms have a higher tendency to export or to engage in outward

FDI? Or are there gains in productivity after increased internationalization?

This paper focuses on productivity gains after outward FDI: do firms increase the

productivity in their domestic plants after engaging in outward FDI? Our methodology

builds on the productivity estimation literature, including Olley and Pakes (1996),

Levinsohn and Petrin (2003) and Ackerberg, Caves, and Frazer (2006), and the extensions

for learning by exporting, as in Van Biesebroeck (2005) and De Loecker (2013). Although

productivity gains from exporting have been studied in many papers, surprisingly little

studies have been done on the productivity gains from outward FDI.1,2

We contribute to the literature by providing new evidence for within-firm productivity

increases due to firms investing abroad, using Slovenian firm-level data for the period

1994-2002. To the best of our knowledge, we are the first paper to extend the state of

the art productivity estimation techniques of the learning by exporting literature to

the context of outward FDI. This so called control function approach deals with the

endogeneity of FDI and use of inputs in the productivity estimation. Furthermore, the

methodology is convenient in our set up, because of the limited number of firms that

engage in outward FDI for the first time in our dataset. This makes it difficult to use

approaches that track firms over time, such as difference-in-differences or fixed effects,

as these approaches solely rely on observations on firms that engage in outward FDI for

the first time to identify productivity gains. In contrast, our methodology uses variation

1Exceptions include Kimura and Kiyota (2006) on Japan, Barba Navaretti, Castellani, and Disdier
(2010) on France and Italy and Hijzen, Jean, and Mayer (2011) also on France, using a regression or
matching based approach and reporting mixed results. For an overview of their results, see section 2.

2Bertrand and Betschinger (2012) show that outward FDI does not necessarily have a positive impact
on the productivity of the domestic plants. They investigate the performance of Russian acquirers after
domestic and cross-border acquisitions, and find that both domestic and international acquisitions tend
to reduce the performance of acquirers compared to non-acquiring firms.
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both from firms that engage in outward FDI for the first time as from firms that have

already made investments abroad before the start of the dataset, controlling for relevant

variables such as the past productivity level, export status or the industry of the firm.

As an advanced transition country subject to many economic changes in the period

we investigate, Slovenia offers an interesting setting to look for productivity gains from

the internationalization of firms. After the country became independent from former

Yugoslavia in 1991, the economy converted from a semi-market economy to a full market

economy. The subsequent period was characterized by rapid economic growth, structural

changes and a further increase in international exposure, which likely contributed to the

productivity gains.3

The results show that there are productivity gains after outward FDI. Having an

investment abroad increases next year’s productivity level by 0.3 to 0.6% depending on

the specification, but the effect is small and at the limit of statistical significance. The

effect gets much stronger when distinguishing between destinations in former Yugoslavia

and other destinations. We only find productivity gains for the latter, with a magnitude

of about 1.1 to 1.6% depending on the specification. Possible channels through which

outward FDI improves productivity can be the following: better information flows

between the different stages of production, e.g. when foreign affiliates are used to serve

as suppliers of specific components, learning from being active in more competitive

markets, knowledge spillovers from the local market or acquired firm,4 etc. Unfortunately,

the exact mechanism cannot be fully disentangled with our data. We cannot distinguish

between the different types of FDI, such as greenfield (setting up a new affiliate from the

ground up) or brownfield FDI (taking over a foreign firm), and horizontal or vertical FDI,

as we do not have information on the foreign subsidiaries. However, the results on the

differences in productivity gains between destination markets give some indication. We

did not find productivity gains for investments in former Yugoslavia, a region that was

economically less advanced than Slovenia with a market that Slovenian firms probably

knew quite well (as they were still a single country before 1991). It seems that for

productivity gains to occur, the markets should be more competitive or less well known.

In addition, some of the affiliates that Slovenian firms had in other parts of ex-Yugoslavia

3De Loecker (2007) finds productivity gains from exporting for Slovenia using data from almost the
same period. More details on the job reallocation and productivity dynamics in general can be found
in De Loecker and Konings (2006).

4An interesting paper to mention in this context is Branstetter (2006), who finds knowledge spillovers
between the acquired and the acquiring firms for Japanese firms taking over American firms. He focuses
on R&D patent spillovers.
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before 1990 were nationalized by new states and later re-acquired by Slovenian parent

companies during the second part of the 1990s, which can also explain why we do not

find productivity gains for outward FDI in that region. In terms of heterogeneity across

firms, we find that the effect increases with initial productivity. It also takes some years

after the first investment abroad for the productivity gains to occur rather than taking

place immediately after the investment. A caveat in our approach is that we do not rely

on instrumental variables, e.g. from a natural experiment, to identify the productivity

gains. Therefore, the results can only be interpreted as a causal effect of outward FDI

on productivity to the extent that the specifications used do not suffer from omitted

variable bias.

The remainder of the paper is structured as follows. Section 2 gives an overview

on the literature on the link between internationalization and productivity. In section

3 we discuss the data in detail and present summary statistics. Section 4 discusses

the production function estimation methodology, and explains how our methodology

relates to the previous work. The main results are presented in section 5, in addition

to extra checks for the validity of the model and robustness checks using alternative

specifications. We conclude in section 6.

2 Internationalization and productivity: literature

review

Exporters are more productive than firms selling only on the domestic market. Originally

a novel result in Bernard and Jensen (1995), but by now it is a generally accepted

fact confirmed by many studies on different countries. Less consensus exists about the

direction of causality: is the productivity premium solely driven by self selection, that

is do the more productive firms simply tend to enter the export markets, or are there

learning effects, with firms increasing their productivity after entry? Note that the

two hypotheses are not mutually exclusive. First, most papers tended to find strong

evidence for the self-selection mechanism, but no evidence for the learning by exporting

mechanism (Clerides, Lach, and Tybout, 1998; Bernard and Jensen, 1999; Damijan and

Kostevc, 2006). This type of empirical studies were a source of inspiration for the seminal

theoretical Melitz (2003) paper, where the central assumption that the productivity of

a firm is predetermined drives the entry into export markets. Later however, various

studies found evidence for significant productivity increases after entering the export
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market, such as Alvarez and López (2005), De Loecker (2007) and Van Biesebroeck

(2005). The learning effects are mainly found for developing economies, while there is

little evidence for learning by exporting in high income countries. An exception to this

rule is the paper by Lileeva and Trefler (2010), showing that Canadian manufacturing

plants experienced productivity gains due to better access to the US market.

The literature on outward FDI and productivity is less extensive. Most empirical

studies show that firms engaging in outward FDI are more productive than others, even

more productive than exporters. Helpman, Melitz, and Yeaple (2004) build on the

Melitz (2003) model and extend it for outward FDI. In their model, firms self-select their

internationalization mode based on their productivity: the least productive are active in

the domestic market only, the more productive export and the most productive engage

in outward FDI. They find, using cross sectional US data, that firms engaging in outward

FDI are indeed more productive than exporters, while exporters are more productive

than domestic firms. This productivity ’hierarchy’ is confirmed for other countries using

cross-sectional data, see e.g. Wagner (2006) for Germany or Tomiura (2007) for Japan.

Studies using panel data are rare. Damijan, Polanec, and Prašnikar (2007) report, using

panel data for Slovenia, that more productive firms are indeed more likely to invest in

foreign affiliates, confirming the selection effect. A couple of papers have investigated

productivity gains from outward FDI in the past. Kimura and Kiyota (2006) find, using

a dataset on Japanese firms, that there are indeed productivity gains from outward FDI.

Barba Navaretti, Castellani, and Disdier (2010) use a matching approach for French

and Italian firms from 1993 to 2000, distinguishing between FDI in developed and less

developed countries. Focusing on their difference-in-differences matching estimator, they

find a positive and statistically significant effect on productivity only for Italian firms

investing in developed countries. The paper of Hijzen, Jean, and Mayer (2011), for

French firms in the period 1987 to 1999, finds a positive and statistically significant

effect only for firms in non-skill-intensive manufacturing sectors.

Some papers investigate other aspects of the dynamics of outward FDI. Several

studies find evidence, contrary to what is often believed, that outward FDI does not lead

to a loss in employment or output for the firms making the investment (Barba Navaretti,

Castellani, and Disdier, 2010; Hijzen, Jean, and Mayer, 2011; Becker and Muendler,

2008). An exception is the paper by Debaere, Lee, and Lee (2010) who find that

moving to less-advanced countries decreases a firm’s employment growth rate for Korea.

Conconi, Sapir, and Zanardi (2013) investigate the dynamics of FDI in a different way:
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their results suggest that Belgian firms first ’test’ a foreign market with exports, and if

successful, some establish foreign affiliates, while ’unsuccessful’ new exporters drop out

of the foreign market.

Contrary to outward FDI, the question of productivity gains due to inward FDI has

received a lot of attention in the literature. The literature generally finds productivity

gains for firms that have been taken over, but mixed evidence on the spillover effects to

the domestic firms (Aitken and Harrison, 1999; Konings, 2001; Javorcik, 2004; Arnold

and Javorcik, 2009; Damijan, Kostevc, and Rojec, 2014; Damijan, Rojec, Majcen, and

Knell, 2013). Damijan, Kostevc, and Rojec (2013) investigate inward FDI in the context

of global value chains, illustrating significant export re-structuring for firms that are

taken over. Also various aspects of importing have been shown to increase productivity,

such as better access to imports (Amiti and Konings, 2007; Halpern, Koren, and Szeidl,

2009) and import churning (adding and dropping of imported inputs, see Damijan,

Konings, and Polanec, 2014).

3 Data description

The data used in the empirical analysis are provided by the Slovenian Statistical Office

(SORS). We have panel data on all active firms for the years 1994 to 2002. In addition

to the detailed accounting information, the data contain yearly information on trade

flows and cross-border capital flows of individual firms. This yearly information allows

us to observe destination-specific entry and exit into export markets or foreign direct

investments. The accounting statements are unconsolidated, so they refer only to the

activities of the firm within Slovenia, not to the foreign subsidiaries. The data do not

contain additional information on the monetary values of the FDI stock or flows.5 We

only observe aggregate destinations (see table 3 further in this section). A drawback

of the data is that we cannot distinguish between the different types of FDI, such as

greenfield (setting up a new affiliate) or brownfield (taking over a foreign firm) FDI, and

horizontal or vertical FDI, as we do not have information on the foreign subsidiaries.

All data are in Slovenian tolars and have been deflated to make them comparable

across years. We exclude observations reporting less than 5 employees, as Damijan

and Kostevc (2006) note that the data for very small firms are highly unreliable and

5This limits the possibility to check if the effect on productivity depends on FDI intensity.
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noisy.6 We restrict ourselves to the manufacturing sector, retaining only firms with a

NACE rev.1 industry code from 15 to 36. Based on these NACE codes, we define 11

sectors in the manufacturing industry. We do not pursue a narrower sector definition,

because of the low number of firms engaging in outward FDI. For the details regarding

the datacleaning, deflation of the variables and the definition of the sectors, see the data

appendix (appendix A).

Table 1 shows the number of firms in our sample by internationalization status. In

1994, of the 1514 firms with more than 5 employees, 1058 exported without outward

FDI, while 113 firms have an outward FDI stock in 1994. Over the full period, we

observe 167 engaging in FDI for the first time.7 In 2002, the total number of firms has

risen to 2010, of which 1286 export and 200 have an outward FDI stock, with 19 firms

investing abroad for the first time. The table clearly illustrates that the vast majority

of the firms that engage in outward FDI also export.

Table 1: Overview of export and outward FDI status of firms

Year Firms Only exporters Only oFDI Export with oFDI First ever oFDI

1994 1,514 1,058 0 113 -

1995 1,653 1,107 0 118 12

1996 1,734 1,107 1 136 24

1997 1,788 1,120 0 135 16

1998 1,902 1,195 1 160 26

1999 1,973 1,235 2 158 21

2000 1,972 1,243 1 175 19

2001 1,988 1,257 2 202 30

2002 2,010 1,286 0 200 19

Total 16,534 10,608 7 1,397 167

a Only firms with at least 5 employees are taken into account
b The column ’firms’ refers to the number of active firms; ’Only exporters’ refers to

firms that export but do not invest abroad; ’Only FDI’ refers to firms that have
an active investment abroad but do not export; ’Export + FDI’ refers to firms
that have an active investment abroad and export at the same time. The column
’First ever FDI’ refers to firms that invest abroad for the first time.

Table 2 shows some summary statistics for 1998, the central year in our dataset.

The mean number of employees is 96. Because of the skewed distribution, with many

small firms and few large firms, the mean is higher than the 75th percentile value of

6The results are robust to taking a lower (e.g. 3) or higher threshold (e.g. 10).
7As we do not have information before 1994, we cannot know whether these firms export or engage

in outward FDI for the first time.
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85 employees. The skewed distribution is also apparent when looking at value added,

tangible fixed assets and sales. The value added per worker is on average about 3.3

Million Slovenian Tolars.

Table 2: Summary statistics for the year 1998

mean p25 p50 p75

# firms 1902

# employees 96 8 21 85

Value added 311 24.2 66.9 219

Tangible fixed assets 600 16.9 68.9 347

Sales 1087 79.1 220 699

Value added per worker 3.3 2.0 2.8 3.9

a Only firms with at least 5 employees are taken into account
b All monetary values are in Millions of SIT (Slovenian Tolars; 1 AC = 186

SIT, 1 $ = 166 SIT)

Table 3 shows the firm-year combinations with outward FDI for different desti-

nations.8 The table should be interpreted as follows: the total number of year-firm

combinations with positive outward FDI is 1404. Of these observations, 1103 had

outward FDI in former Yugoslavia (in the column ’Total OFDI’) which is 79% of all

year-firm combinations with positive outward FDI, and 739 have outward FDI only

in former Yugoslavia, not in the other regions. The table illustrates that most of the

outward FDI was done in former Yugoslavia, followed by the EU15.

8The different destination groups are defined as follows. Former Yugoslavia refers to Bosnia and
Herzegovina, Croatia, Macedonia and Serbia and Montenegro. The EU15 refers to the 15 countries
that formed the European Union in 1995. CEEC refers to the Central and Eastern European Countries
not included in the previous groups, consisting of Estonia, Latvia, Lithuania, Poland, Czech Republic,
Slovakia, Hungary, Romania and Bulgaria. Ex- Soviet Union refers to the former Soviet Union states
not included in the previous groups.
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Table 3: OFDI by destination

Total oFDI Exclusive

# % # %

Former Yugoslavia 1103 79 739 53

EU15 461 33 164 12

CEEC 184 13 53 4

OECD (non EU15) 121 9 15 1

Ex- Soviet Union 107 8 23 2

Other 66 5 4 0

Total 1404 998

a The table shows the number of firm-year combinations with outward FDI
in the dataset by destination. The column ’Total OFDI’ counts all
firm-year-destination combinations for each destination. The column
’Exclusive’ counts only the firm-year combinations that do not have
outward FDI in other regions.

4 Methodology

This section discusses the methodology in detail. Subsection 4.1 discusses the semipara-

metric production function estimator introduced by Olley and Pakes (1996), and further

refined by Levinsohn and Petrin (2003) and Ackerberg, Caves, and Frazer (2006). It

also explains the extension for productivity gains due to exporting, as suggested by

Van Biesebroeck (2005) and De Loecker (2013). Subsection 4.2 discusses the advantages

and disadvantages of the method, and links the method to the difference-in-differences

(DID) approach. In Subsection 4.3, we extend the model to allow for productivity gains

after outward FDI.

A general note on the interpretation of the results obtained with this methodology,

is that we follow De Loecker (2013) in relying on timing assumptions to identify the

productivity gains. The results can therefore only be interpreted as a causal effect of

outward FDI on productivity to the extent that the specifications used do not suffer

from omitted variable bias, contrary to Van Biesebroeck (2005) who uses instruments

for export status in the estimation.

4.1 Semiparametric production function estimation and learn-

ing by exporting framework

In this subsection, we give an overview the production function estimation approach

suggested by Ackerberg, Caves, and Frazer (2006). Their work builds on the papers
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Olley and Pakes (1996) and Levinsohn and Petrin (2003).

As is common in this context, we assume a Cobb-Douglas production function, with

two inputs:

Yit = AitL
βl
itK

βk
it , (1)

where Yit represents the output (value added), Lit the number of workers and Kit the

capital of firm i in time period t. Ait represents the productivity of the firm. For our

main results, we estimate a value added production function. However, our results hold

for a gross output production function9 as well, as shown in section 5.4. Taking the

natural log of equation (1) yields the following expression:

yit = βk · kit + βl · lit + ωit + εit. (2)

In equation (2), the productivity term log(Ait) is decomposed into two parts that are

both unobserved by the econometrician, ωit and εit. The term εit represents the shocks

to production that are unobserved by the firm when making its input decision in year t.

The term ωit captures the part of the productivity of the firm that is potentially observed

or predictable by firms when they make their input decisions. We follow Levinsohn and

Petrin (2003) in using materials as the proxy variable for productivity:10

mit = ft(ωit, lit, kit)⇒ ωit = f−1t (lit, kit,mit). (3)

Following the procedure of Ackerberg, Caves, and Frazer (2006), we estimate the

following equation in the first stage:

yit = βk · kit + βl · lit + f−1t (lit, kit,mit) + εit. (4)

The function f−1t (lit, kit,mit) is proxied by a 4th order polynomial in lit, kit and mit.

From equation (4), we can see that βl and βk cannot be identified in the first stage, as

the lit and kit terms are collinear with the terms of the polynomial. However the first

9Bond and Söderbom (2005) point out identification issues for perfectly flexible inputs when using a
gross output production function. However using a value added production function has issues as well,
as argued by Basu and Fernald (1997) and Gandhi, Navarro, and Rivers (2011). We therefore estimate
both a value added and a gross output production function, and find that the results are qualitatively
the same.

10See appendix C.1 for a more detailed discussion
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stage does yield an estimate of the function φit:

φit(lit, kit,mit) = βk · kit + βl · lit + f−1t (lit, kit,mit) ≡ yit − εit, (5)

which can be interpreted as the output net of the untransmitted shock εit.

The coefficients lit and kit are then identified from two independent moment condi-

tions. The common assumption that ωit follows a first-order Markov process, implies

that we can write down the following equation:

ωit+1 = E[ωit+1|ωit] + ξit+1, (6)

or equivalently

ωit+1 = g1(ωit) + ξit+1, (7)

where ξit+1 is mean independent of all information known at t. Therefore, the assumption

that kit+1 is decided at t, yields the first moment condition:

E[ξit+1|kit+1] = 0. (8)

For the second moment condition, involving lit, we assume the following:

E[ξit+1|lit] = 0. (9)

Alternatively, we could take the stronger assumption that E[ξit+1|lit+1] = 0. This

assumption is likely to hold when the labor market is not flexible, which was probably

the case in Slovenia in the period we investigate.11 We have tried both, and the results

stay qualitatively the same. Further details on the implementation and a detailed

discussion on the underlying assumptions can be found in appendix C.2.

Now we discuss the De Loecker (2013) extension of the Ackerberg, Caves, and Frazer

(2006) framework to allow for the estimation of the learning effect from exporting. We

discuss this in detail, because once it is understood, it is straight forward to extend it for

outward FDI, as done in Subsection 4.3. Van Biesebroeck (2005) mentions the following

(see footnote p380): ’Proceeding in two steps, i.e. first calculating productivity from an

econometrically estimated production function and, second regressing productivity on

export status, is inappropriate. If exporting improves productivity, it belongs in the first

11See for instance the report of the World Bank (1999) on Slovenia, which explicitly mentions the
high hiring and firing costs as a barrier to labor market flexibility.
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stage [, that is, the estimation of the] production function and to the extent that it is

correlated with inputs, the first stage will suffer from omitted variable bias.’ This point

is further developed and made more explicit in De Loecker (2013). It should be noted

that the term ’learning effect’ is defined very broadly in this context: the estimation

is based purely on timing assumptions. So he estimates a difference in productivity

growth between exporters and non-exporters, using a control function approach to

control for past productivity. Whether this effect can be attributed to a causal relation

between past export status and productivity, depends on the extent to which the model

is correctly specified in terms of the timing assumptions and included control variables.

De Loecker (2013) generalizes (7) by including the export status as a dummy

variable:12

ωit+1 = g2(ωit, eit) + ξit+1, (10)

thus defining productivity as a non-parametric function of past productivity and export

status. This adjustment allows exporting to impact future productivity.

To illustrate how the productivity gains after exporting effect is retrieved from this

estimation, we begin by assuming a very restrictive AR(1) productivity process and a

simple additional linear effect of exporting on future productivity. Thus we can write

the following:

ωit+1 = ρωit + γeit + ξit+1. (11)

So productivity ωit+1 depends linearly on past productivity, on past export status and

on the unexpected innovation in productivity ξit+1. In this setting, γ can be interpreted

as the effect of the export status on future productivity, under the assumption that the

inclusion of lagged productivity fully controls for the well known self selection effect

that more productive firms are more likely to start exporting. The general approach

consists in using a polynomial to proxy the function g2(·) in (10). After obtaining the

polynomial, you can evaluate the effect at some relevant values of productivity, e.g. the

relevant percentiles of productivity, or evaluate the effect for every exporting firm.

12Note that export status is still not an input in the production function. As before, only capital and
labor are inputs.
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4.2 Advantages and disadvantages of the framework

The framework has several advantages. The main advantage is that the framework

allows current export status eit to impact future productivity ωit+1. This makes the

method internally consistent: first calculating productivity from an estimated production

function and then using this productivity as a dependent variable in a next step, such

as a difference-in-differences (DID) approach, is likely to lead to downward biased

estimates. If exporting affects future productivity and if export status is positively

correlated with the inputs capital and labor, the effect of increased productivity on

output will be attributed to an increase in inputs. Thus it creates an upward bias on

the input coefficients and underestimates the productivity gains from exporting. There

are additional advantages to using this method. The productivity gains parameters are

obtained directly from the production function estimation logarithm, so no additional

steps are needed. The method method does not rely solely on the firms that export

for the first time, an important factor for our application, with the relatively limited

number of firms that invest abroad for the first time in our dataset.

A disadvantage of the method used, is that it imposes severe restrictions on the

evolution of productivity, but these can be relaxed if needed. An additional disadvantage

is that it does not allow for systematic immediate unexpected productivity gains because

ξ is mean zero in expected value.13 Further, if the method is not complemented with

instrumental variables to instrument for the export status, as is the case for this paper,

one should be cautious in interpreting the effect as a causal effect of export status

on future productivity.14 Also general equilibrium effects such as positive or negative

spillovers to other firms are not taken into account. Finally, the method does not offer a

theoretical mechanism on how exporting influences future productivity. However, all

of these concerns are also implicitly present in a DID approach. The relation between

DID and our approach is discussed in detail in appendix B, where we illustrate for the

restrictive linear model in (11) that if the assumptions of the model hold and productivity

is correctly estimated in the DID approach, so taking export status into account when

13In the different setting of productivity gains from R&D investment, Doraszelski and Jaumandreu
(2013) make a similar assumption. They assume that the decision about investment in R&D is made
at the time the investment is executed, time t, and at the same time the firm already anticipates the
productivity gains in time t+ 1 already at time t, while the effective productivity gains are only realized
and observed by the firm at time t+ 1.

14If both productivity gains and export status are correlated with an omitted variable, this could
lead to a bias in the estimation of the parameter of interest. E.g., if firms invest in productivity and
simultaneously export, the estimated effect of export status on productivity will be upward biased.
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estimating productivity, our approach yields the same results as the DID approach. But

when correctly estimating productivity, you do not need the DID approach anymore, as

the productivity gains are obtained directly from the productivity estimation procedure.

4.3 Extension to outward FDI

Our approach extends this ’learning by exporting’ framework. As outward FDI and

exports are very closely related, it is important to keep controlling for the export status

of the firm while estimating the productivity gains after outward FDI. Therefore, we

assume the following productivity evolution process, that is a straight forward extension

of (10):

ωit+1 = g3(ωit, eit, oFDIit) + ξit+1, (12)

where eit represents the export dummy for firm i, and oFDIit represents the dummy for

the outward FDI status of the firm, taking the value 1 if the firm has invested abroad in

the current period, or has an FDI stock abroad because of investments in the previous

periods, and 0 otherwise.

Our most basic approach extends equation (11) with a dummy for outward FDI:

ωit+1 = ρ ωit + γe eit + γfdi oFDIit + ξit+1. (13)

We can generalize this by assuming a more flexible productivity evolution, where we

allow export status to impact productivity in a flexible way:

ωit+1 = g(ωit, eit) + γfdi oFDIit + ξit+1. (14)

In practice, we use a 4th order polynomial to proxy for g(·).15 We maintain the

assumption that outward FDI has an additive effect on future productivity. We do this

mainly because of data constraints: the number of firms engaging in outward FDI is

relatively low for several sectors,16 which makes it difficult to estimate a heterogeneous

effect with multiple parameters. A full overview of every step in the estimation algorithm

can be found in appendix C.2.

The parameter of interest, γfdi should be interpreted as the effect of outward FDI in

15As export status is a dummy, this polynomial contains 10 terms: a constant, 4 terms in ωit, 4
terms in ωit interacted with eit and finally eit itself.

16A fact to illustrate this: 4 out of the 11 sectors have on average less than 7 firms per year with
outward FDI.
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time t on the productivity growth from t to t+1, because we control for the productivity

level in time in time t. See below for a formal derivation on why this is the case. We

use a simplified version of (14) by abstracting from the export status. The derivation

goes as follows:

ωit+1 = g(ωit) + γfdi oFDIit + ξit+1

ωit+1 − ωit = g(ωit)− ωit + γfdi oFDIit + ξit+1

∆ωit+1 = g∗(ωit) + γfdi oFDIit + ξit+1.

On the second line, we subtract ωit on both sides. On the third line, ∆ωit+1 stands for

ωit+1 − ωit, and g∗(ωit) stands for g(ωit)− ωit. This derivation shows that estimating

the effect of oFDIit on ωit+1, controlling flexibly for ωit, is fully equivalent to estimating

the effect of oFDIit on ∆ωit+1, controlling flexibly for ωit.
17

5 Results

This section presents the main results of the paper in subsection 5.1 for the average

effect, 5.2. Checks for the validity of the model are presented in subsection 5.3. In

subsection 5.4 we estimate a gross output production function as a robustness check. An

additional robustness check is presented in appendix E where we use labor productivity

as the productivity measure.

5.1 Estimation of the productivity gains

In this section we report our results. We start by confirming that there is a productivity

premium for exporters and firms engaging in outward FDI. We then turn to estimating

the productivity gains after exporting. Finally, we report the main results of this paper:

the productivity gains after outward FDI.

Figure 1 shows the distribution in total factor productivity (TFP) by international-

ization mode. We have used the productivity estimation from our preferred specification

which will be explained in detail later, but the productivity premia are robust with

regards to the measure of productivity used.18 Each curve shows the density of the

17Appendix F illustrates this in detail for labor productivity.
18To show this, we have put the results for labor productivity in appendix D. For figure 1 and table

5, we have used the same productivity estimation as in column (6) of table 6.
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difference between the (log) productivity of the firm and the median (log) productivity

within the sector and year of that firm. As the variable is in logs, the difference approx-

imately has a percentage interpretation (e.g. a value of 1.1 indicates that the firm is

about 10 % more productive than the median firm in that sector). The graph shows

different curves for the following groups: firms that only sell on the domestic market

(’non exporters’), firms that export but not engage in outward FDI (’exporters’) and

firms that engage in outward FDI (’FDI’). It illustrates that the usual ’productivity

hierarchy’ also holds for our data: firms that export are more productive than domestic

firms, but firms that engage in outward FDI are even more productive than exporters.

Figure 1: Productivity distribution

Footnote: The graph shows the log productivity for firms that only sell on the domestic market (’non
exporters’), firms that export but not engage in outward FDI (’exporters’) and firms that engage in
outward FDI (’FDI’). The median value of the sector-year (log) productivity is subtracted to center the
graph.

The ’productivity hierarchy’ is confirmed in our regression analysis, see table 4.

We regress productivity on dummies indicating whether the firm is an exporter or has

engaged in outward FDI. The productivity premium for all exporters including the

ones that engage in outward FDI is about 10% compared to firms that sell only on
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the domestic market (column(1)). If we exclude the exporters that engage in FDI,

the productivity premium reduces to about 8.5%. Including dummies for exporting

and outward FDI shows that firms that engage in outward FDI have an additional

productivity premium of about 13%, controlling for export status. The fourth column

distinguishes between outward FDI in former Yugoslavia (’ex Yu’) countries and other

countries (’non ex Yu’). Firms with outward FDI in former Yugoslavia have a slightly

lower productivity premium that firms with outward FDI in other countries, but the

difference is not statistically significant.

Table 4: Productivity premia for export and outward FDI status

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

ω ω ω ω

Export 0.0983∗∗ 0.0840∗∗ 0.0827∗∗ 0.0826∗∗

(0.0104) (0.0103) (0.0103) (0.0103)

Outward FDI 0.129∗∗

(0.0211)

Outward FDI (ex-YU) 0.0917∗∗

(0.0238)

Outward FDI (non ex-YU) 0.117∗∗

(0.0311)

Time × Sector FE yes yes yes yes

Observations 16534 15130 16534 16534

R2 0.495 0.488 0.503 0.504

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a The dependent variable ω is (log) productivity. The rows represent the internationalization
status of the firm.

b Column (1) shows the premium for all exporters, column (2) for exporters without a foreign
investment, column(3) shows the premium for firms with a foreign investment and column(4)
distinguished between foreign investment in former Yugoslavia and in other coutries.

Next, we focus on the productivity gains after internationalization: can part of

these productivity differences be explained by firms increasing their productivity after

entry into foreign markets? We start by re-establishing the results for productivity

gains after exporting. The results are shown in table 5. Note that the table is not the

result of a single regression, but is obtained from the iterative procedure explained in

the methodology section, where the productivity gains coefficients and productivity

are jointly determined. The results should be interpreted as follows: we estimate the
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effect of export status in the current period, denoted et, on productivity in the next

period, denoted ωt+1. As shown in section 4.3, this parameter can also be interpreted

as the effect of export status in the current period et on the productivity growth from

t to t + 1. The first column of the table shows the results for estimating the AR(1)

productivity evolution process in equation (11), assuming the same production function

parameters across the entire manufacturing industry. The estimated parameter on

lagged productivity is high and close to one, as expected because productivity is thought

of as being persistent. The parameter γ on lagged export status is economically and

statistically significant: exporting in the previous period is associated with a productivity

gain in the next period of approximately 1%. In the second column, we allow for a more

general productivity process, with a general function of past productivity ωt (proxied

by a 4th order polynomial) and still an additive effect of exports. The coefficient is

slightly lower, but still of the same order of magnitude. The third column assumes

the same productivity evolution process as the second column, but now we estimate

the production function sector by sector, and pool over all sectors to estimate the

productivity gain. The estimate is close to the previous estimates. In the final column,

we control for inward FDI of the firm. Firms that are taken over, are generally found to

increase their productivity. Therefore we want to verify whether the productivity gain

is indeed due to exporting, rather than due to firms being taken over. The results show

that inward FDI indeed has a positive effect on future productivity, but also that the

coefficient on exporting is not drastically affected.

Now we turn to the main results of our paper, shown in table 6. The first column

shows the estimation of specification (13), estimated by assuming the same production

function parameters for the entire manufacturing industry. Again, productivity is

persistent over time. As we found productivity gains after exporting, it is important

to keep controlling for export status. The coefficient on export status is not affected.

We also find an additional productivity gain after outward FDI. Having an investment

abroad increases next year’s productivity level by 0.6% according to the specification

in column (1). The effect decreases but is still positive in column (2), where we

estimate the more general productivity function according to equation (14), allowing

for exporting to impact future productivity heterogeneously. The third column shows

the estimation of equation (14) allowing for different production function parameters

per sector. The results suggest a positive effect of outward FDI on productivity, but

the effect is relatively low. The last three columns are the equivalent of the first three



5 RESULTS 19

Table 5: Productivity gains after exporting

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

ωt+1 ωt+1 ωt+1 ωt+1

ωt 0.919∗∗

(0.00636)

et 0.0104∗∗ 0.00771∗∗ 0.0101∗∗ 0.00990∗∗

(0.00239) (0.00239) (0.00326) (0.00235)

InwFDIt 0.00971∗∗

(0.00282)

Time × sector effects yes yes yes yes

Polynomial in ωt no yes yes yes

Production function per sector no no yes yes

Observations 12877 12877 12877 12877

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a This table is not the result of a single regression, but is obtained from the iterative procedure
explained in the methodology section, where the productivity gains coefficients and
productivity are jointly determined.

b All specifications estimate the effect of the row variables on productivity ωt+1. All variables
are in logs. Sector-year effects are included in all stages of the estimation procedure.

c All row variables are lagged one year with regards to ωt+1. ωt is lagged productivity, et is the
lagged export status (1 if the firm exported the previous year, 0 otherwise) and InwFDIt is a
dummy indicating whether the firm is foreign owned (1 if the firm was foreign owned the
previous year, 0 otherwise).

d Column (1) fits the AR(1) productivity model of equation (11) to the data, Column (2) allows
for a general evolution of productivity with an additive effect of lagged export status,
Column(3) estimates (2) by sector and then pools across industries to find a common
productivity gain after exporting, Column (4) estimates (2) but controlling for inward FDI.

columns, but distinguishing between investments in former Yugoslavia and investments

in other regions. The reason we do this, is that most of the channels through which

the learning effects could take place, would not be present for outward FDI in former

Yugoslavia. Knowledge spillovers from the local market will be less important, as these

markets should be relatively well known to the firms. Slovenia was in terms of GDP

per capita by far the most advanced country of former Yugoslavia,19 so we expect the

markets in the other countries to be less demanding, and the firms to be generally

speaking less productive. In addition, the break up of ex-Yugoslavia created a situation

19The GDP per capita in 1998 was respectively about 2, 5, 9 and 6 times as high as the one for
Croatia, Serbia (and Montenegro), Bosnia (and Herzegovina) and Macedonia according to the data of
the World Bank.
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where some of the affiliates that Slovenian firms had in other parts of ex-Yugoslavia

before 1990 were nationalized by new states and later re-acquired by Slovenian parent

companies during the second part of the 1990s. For these reasons, the scope for learning

effects from outward FDI in that region seems limited. The results confirm that the

productivity gains after outward FDI in former Yugoslavia were very low at best, and

even slightly negative according to column (6). The productivity gains after investments

in countries outside of former Yugoslavia were substantial: productivity increases by

about 1.5% according to the most flexible specification, shown in column (6).

We can summarize our results as follows: we find substantial productivity gains

after entry in foreign markets. First, we re-confirm that the productivity gains after

exporting. Second, we find substantial productivity gains after investing abroad, the

main result of this paper, while controlling for the export status. The productivity gains

after outward FDI are modest when pooling over all destinations: having an investment

abroad in the previous period raises current productivity with approximately 0.6%. If we

distinguish between the destinations, we find that productivity gains after investments in

countries outside of former Yugoslavia were substantially higher, in total about 1.1-1.6%

depending on the specification, while we do not find evidence for productivity gains

after investments in countries of former Yugoslavia.
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Table 6: Productivity gains after outward FDI

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

ωt+1 ωt+1 ωt+1 ωt+1 ωt+1 ωt+1

ωt 0.918∗∗ 0.919∗∗

(0.00646) (0.00649)

et 0.0111∗∗ 0.0114∗∗

(0.00244) (0.00243)

OutwFDIt 0.00641∗ 0.00366 0.00688+

(0.00265) (0.00251) (0.00355)

OutwFDIt (ex-Yu) 0.00296 0.00144 -0.00134

(0.00318) (0.00301) (0.00437)

OutwFDIt (non ex-Yu) 0.0132∗∗ 0.0116∗∗ 0.0154∗∗

(0.00347) (0.00322) (0.00513)

Time × sector effects yes yes yes yes yes yes

Polynomial in ωt and et no yes yes no yes yes

Prod. function per sector no no yes no no yes

Observations 12877 12877 12877 12877 12877 12877

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a This table is not the result of a single regression, but is obtained from the iterative procedure
explained in the methodology section, where the productivity gains coefficients and
productivity are jointly determined.

b All specifications estimate the effect of the row variables on productivity ωt+1. All variables
are in logs. Sector-year effects are included in all stages of the estimation procedure.

c All row variables are lagged one year with regards to ωt+1. ωt is lagged productivity, et is a
dummy indicating the lagged export status of the firm and OutwFDIt is a dummy indicating
the lagged outward FDI status.

d Column (1) fits the AR(1) productivity model to the data of equation (13), column (2) allows
for a general evolution of productivity and controls flexibly for past export status according to
equation(14), column(3) estimates (14) by sector and then pools across industries to find a
common productivity gain after outward FDI. The last three columns are the equivalent of the
first three, but distinguishing between outward FDI in former Yugoslavia (’ex-Yu’) and FDI in
other countries (’non ex-Yu’).

5.2 Heterogeneity of the productivity gains

In this subsection, we first investigate to what extent the productivity gains is heteroge-

neous in the initial productivity of the firm. Next, we show how this effect evolves over

time.

To incorporate the heterogeneity of the productivity gains in initial productivity

of the firm, we modify equation (14) by adding an interaction term between lagged
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productivity and outward FDI status. The productivity evolution process then becomes:

ωit+1 = g(ωit, eit) + γ1,fdi oFDIit + γ2,fdi oFDIit × ωit + ξit+1. (15)

We use the same estimation algorithm as before, apart from the different productivity

evolution (15), and focus on the estimation with the same production function param-

eters for the entire manufacturing industry.20 The results are shown in table 7. The

first column shows the estimation of the linear AR(1) productivity model with extra

interaction terms et × ωt and OutwFDIt × ωt, while colum (2) allows for a general

evolution of productivity and interaction with export status.

For firms investing outside former Yugoslavia, we find consist results: the productivity

gains are stronger for initially more productive firms. The results from the table should

be interpreted over the relevant range of productivity. Therefore, we included figure

2 to illustrate the effect found in column (2). The graph shows the relevant range of

productivity, with the vertical dashed lines indicating respectively the 10th and 90th

percentile of productivity for firms engaging in outward FDI outside ex-Yugoslavia.

Remember that total factor productivity is inherently a relative concept, so the values

on the x-axis have no direct interpretation as such. They should be compared to a

reference value, for instance the median log productivity which we indicate below the

graph. The black full line indicates the estimation of the effect, while the gray dashed

lines indicate the 95% confidence interval.21 We see that the effect only is statistically

significant for the initially most productive firms. The effect is 0.0084 for the initial

median productivity and 0.025 for the 90th percentile. We also estimated the effect

when adding a second order interaction term γ3,fdi oFDIit×ω2
it to specification 15. The

result is shown in figure 3. The general conclusion is the same: the effect is stronger for

the initially most productive firms, but the effect does not increase linearly in initial log

productivity.

For firms investing in countries in former Yugoslavia, the results are less consistent

across specifications. Column (1) shows an effect comparable to the effect for destinations

outside former Yugoslavia, but in the more flexible model in column (2) the effect become

lower. The effect is illustrated in figure 3. It is is substantially smaller than the effect

20We do this to limit the number of parameters to be estimated. Estimating a different production
function for each industry and allowing for further heterogeneity is difficult given the limited number of
firms engaging in outward FDI per sector.

21The variance is calculated according to the following formula: var( ∂ωit+1

∂oFDIit
) = var(γ1,fdi) +

ω2
itvar(γ2,fdi) + 2ωitcov(γ1,fdiγ2,fdi).
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for firms investing outside former Yugoslavia and statistically insignificant over a large

part of the range.

In summary, the results show that the productivity gains after outward FDI increase

with a higher initial productivity.

Table 7: Productivity gains after outward FDI - heterogeneity with regards to initial
productivity

(1) (2)

ωt+1 ωt+1

ωt 0.901∗∗

(0.0199)

et -0.0953

(0.131)

et × ωt 0.0170

(0.0208)

OutwFDIt (ex-Yu) -0.265∗∗ -0.158∗

(0.0790) (0.0770)

OutwFDIt (ex-Yu) ×ωt 0.0420∗∗ 0.0252∗

(0.0125) (0.0122)

OutwFDIt (non ex-Yu) -0.254∗ -0.355∗∗

(0.110) (0.123)

OutwFDIt (non ex-Yu) ×ωt 0.0414∗ 0.0574∗∗

(0.0172) (0.0194)

Time × sector effects yes yes

Polynomial in ωt and et no yes

Prod. function per sector no no

Observations 12877 12877

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a This table is not the result of a single regression, but is obtained from the iterative procedure
explained in the methodology section, where the productivity gains coefficients and
productivity are jointly determined.

b All specifications estimate the effect of the row variables on productivity ωt+1. All variables
are in logs. Sector-year effects are included in all stages of the estimation procedure.

c All row variables are lagged one year with regards to ωt+1. ωt is lagged productivity, et is a
dummy indicating the lagged export status of the firm and OutwFDIt is a dummy indicating
the lagged outward FDI status.

d Column (1) fits the AR(1) productivity model to the data of equation (13) with extra
interaction terms et × ωt and OutwFDIt × ωt, column (2) allows for a general evolution of
productivity and controls flexibly for past export status according to equation(15).
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Figure 2: Heterogeneity of productivity gains after outward FDI outside former
Yugoslavia with regards to initial productivity - linear model

Footnote: The vertical dashed lines indicate the 10th and 90th percentile of the productivity distribution
of firms that engaged in outward FDI outside former Yugoslavia. The median productivity is 6.34
according to the model of table 7, column (2). The gray dashed lines indicate the 95% confidence
interval.
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Figure 3: Heterogeneity of productivity gains after outward FDI outside former
Yugoslavia with regards to initial productivity - quadratic model

Footnote: The vertical dashed lines indicate the 10th and 90th percentile of the productivity distribution
of firms that engaged in outward FDI outside former Yugoslavia. The median productivity is 6.52
according to the quadratic interaction model. The gray dashed lines indicate the 95% confidence
interval.
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Figure 4: Heterogeneity of productivity gains after outward FDI in former Yugoslavia
with regards to initial productivity - quadratic model

Footnote: The vertical dashed lines indicate the 10th and 90th percentile of the productivity distribution
of firms that engaged in outward FDI outside former Yugoslavia. The median productivity is 6.31
according to the model of table 7, column (2). The gray dashed lines indicate the 95% confidence
interval.
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We also check how the effect evolves over time. To this end, we include separate

dummies in equation (14) for ’recent’ outward FDI and ’old’ outward FDI. We define

recent outward FDI at the firm level as a firm engaging in outward FDI for the first

time no longer than three years ago. From three years onwards, we consider the FDI

’old’.22 The results are shown in table 8. The coefficient on ’recent’ FDI is close to 0,

while the coefficient on ’old’ FDI is larger than the baseline average effect of subsection

5.1. Hence, these results suggest that it takes some years before the firms that engage

in outward FDI start experiencing higher productivity gains.

Table 8: Productivity gains after outward FDI - evolution over time

(1) (2)

ωt+1 ωt+1

ωt 0.920∗∗

(0.00661)

et 0.0114∗∗

(0.00242)

’recent’ OutwFDIt (ex-Yu) -0.000688 -0.00120

(0.00475) (0.00460)

’old’ OutwFDIt (ex-Yu) 0.00326 0.000907

(0.00446) (0.00423)

’recent’ OutwFDIt (non ex-Yu) 0.00322 0.00198

(0.00595) (0.00610)

’old’ OutwFDIt (non ex-Yu) 0.0190∗∗ 0.0179∗∗

(0.00453) (0.00400)

Time × sector effects yes yes

Polynomial in ωt and et no yes

Prod. function per sector no no

Observations 12568 12568

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a This table is not the result of a single regression, but is obtained from the iterative procedure
explained in the methodology section.

b All specifications estimate the effect of the row variables on productivity ωt+1. All variables
are in logs. Sector-year effects are included in all stages of the estimation procedure.

c All row variables are lagged one year with regards to ωt+1. See text for the definition of
’recent’ and ’old’ FDI.

d Column (1) fits the AR(1) productivity model to the data of equation (13), column (2) allows
for a general evolution of ωt+1 as a function of ωt and et according to eq. (15).

22Our results are robust to taking another time frame, e.g. 2 years. We exclude observations for the
first years for firms that engaged in FDI already in 1994, the start of the dataset, as it is not possible
to know when these firms invested abroad for the first time. As a robustness check, we also included
these observations in the ’old’ FDI, the results stay qualitatively the same.
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5.3 Checking the assumptions of the model

The use of the production function estimation techniques assume that all firms have the

same technology parameters. One might be worried that this does not hold for firms that

engage in outward FDI. Firm engaging in outward FDI could have a different production

structure because they have a different vertical structure, e.g. if they outsource some

of there activities. So a firm outsourcing the least profitable part of production to

an affiliate abroad, while likely have a higher measured productivity of the part that

remains in Slovenia. There are four reasons to be confident that this is not driving our

results.

First, the timing assumption in the structural model is that the outward FDI status

in the current year t impacts future productivity next year (t+ 1). If the effect is purely

due to outsourcing, we would expect a discrete jump in measured productivity at the

time of entry (denoted ’period 0’) into the foreign market. Upon entry however, the firm

did not have outward FDI in the previous period, so we will not attribute this jump

in productivity to a productivity gain after outward FDI. In addition, in the periods

after entry (’period 1’ and further), the jump in productivity is accounted for, as in

our estimation algorithm we flexibly control for past productivity. We only use the

productivity gains from period 1 onwards to identify productivity gains after outward

FDI.

Second, if the main reason why firms invest abroad was to reallocate parts of their

production abroad, we would expect a reduction in employment after the investment.

However, the results in table 9 suggest that firms investing abroad increase rather than

reduce employment after the investment. The results are obtained by regressing the

logarithm of employment on the dummies for export and outward FDI status, including

firm fixed effects and sector-time fixed effects.

Third, the heterogeneous effect across destinations found in the previous section

makes sense. The rest of former Yugoslavia was economically less developed than

Slovenia, and as they were a single country just before the start of our data, we do not

expect that Slovenian firms learn from investing in this region. This is exactly what the

results show: we only find productivity gains after outward foreign direct investment to

destinations outside of former Yugoslavia.

Fourth, we performed a rough test in the data to check whether the production

structure is systematically different for firms engaging in outward FDI compared to the

other firms in the industry. We check how the ratio of value added and sales compares to
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Table 9: Employment evolution

(1) (2) (3)

l l l

Export 0.121∗∗ 0.120∗∗ 0.120∗∗

(0.0148) (0.0147) (0.0147)

OutwFDI 0.0690∗

(0.0320)

OutwFDI (non ex-Yu) 0.0809

(0.0521)

OutwFDI (ex-Yu) 0.0303

(0.0374)

Time × sector effects yes yes yes

Firm FE yes yes yes

Observations 16534 16534 16534

R2 0.081 0.082 0.082

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a The dependent variable is (log) employment.

the industry median. If e.g. the outward FDI consists mainly of outsourcing, we would

expect that they systematically have a lower value added over sales ratio, because part

of the value added of the firm is generated abroad. To check this, we regressed the value

added over sales ratio on a dummy for exports and a dummy for outward FDI, see table

10. The table illustrates that firms engaging in outward FDI do not have a systematically

different value added over sales ratio compared to other firms. The density graph for

the difference between the value added of the firm and the sector-year median, shown in

figure 5, confirms this: the distribution for outward FDI firms is centered around the

sector-year median. Furthermore, we estimate a gross output production function in

the next subsection, taking the possibly higher use of materials for outward FDI firms

into account when calculating productivity, and we find qualitatively similar results.
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Table 10: Value added / sales ratio premia

(1) (2) (3)

VA/Sales VA/Sales VA/Sales

Export -0.0568∗∗ -0.0564∗∗ -0.0567∗∗

(0.00607) (0.00610) (0.00611)

OutwFDI -0.00369

(0.00855)

OutwFDI (ex-Yu) 0.00703

(0.0101)

OutwFDI (non ex-Yu) -0.0142

(0.0123)

Time × sector effects yes yes yes

Firm fixed effect no no no

Observations 16534 16534 16534

R2 0.092 0.092 0.092

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a The dependent variable is the ratio of value added and sales.

Figure 5: Ratio value added / sales

Footnote: The median value of the sector-year VA/sales ratio is subtracted to center the graph.
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5.4 Robustness check: gross output production function

As a robustness check, we estimate a gross output production function. A gross output

production function allows substitution between materials and the other factors of

production, i.e. labor and capital. This relaxes the implied assumption of using valued

added as output measure that a fixed proportion of materials is used for producing a

unit of output. We make use of the same law of motion as specified in the methodology

section, see expressions (13) and (14). To identify the coefficient on materials, we use

the following moment condition:

E[ξit+1|mit] = 0, (16)

in addition to the moment conditions in expressions (8) and (9).

The results can be found in table 11. This is a replication of table 6, but with a gross

output production function rather than a value added production function. We see that

the results are similar. We find a positive effect of outward FDI on future productivity

only in the first column, but this is not robust across specifications, see columns 2 and

3. Columns 4 to 6 consistently show a positive effect of outward FDI in destinations

outside of ex-Yugoslavia, while the evidence for outward FDI in ex-Yugoslavia countries

is mixed. The effect in column 6 is about one third of the effect we found in our value

added specification, but this is not necessarily unrealistic. As shown in Gandhi, Navarro,

and Rivers (2011), the heterogeneity in productivity tends to be less pronounced for

gross output production function estimates than for value added production function

estimates. This is also true for our estimates: for the value added production function

estimation, the ratio of the 90th percentile and the 10th percentile of productivity within

a sector is between 1.5 and 2.3 for the central year in our dataset, 1998. For the gross

output production function estimation, this ratio is between 1.13 and 1.46, confirming

there is substantially less heterogeneity. Therefore, the gross output production function

estimate of the effect of outward FDI on the future productivity level, is also likely to

be smaller, and this is confirmed by our results.
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Table 11: Productivity gains after outward FDI - gross output production function

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

ωt+1 ωt+1 ωt+1 ωt+1 ωt+1 ωt+1

ωt 0.800∗∗ 0.786∗∗

(0.0302) (0.0317)

et 0.0125∗∗ 0.0116∗∗

(0.00212) (0.00205)

OutwFDIt 0.0161∗∗ 0.00168 -0.0000520

(0.00330) (0.00123) (0.00153)

OutwFDIt (ex-Yu) 0.00982∗∗ -0.000143 -0.00142

(0.00278) (0.00137) (0.00157)

OutwFDIt (non ex-Yu) 0.0169∗∗ 0.00501∗∗ 0.00429∗

(0.00343) (0.00145) (0.00203)

Time × sector effects yes yes yes yes yes yes

Polynomial in ωt and et no yes yes no yes yes

Prod. function per sector no no yes no no yes

Observations 12877 12877 12542 12877 12877 12542

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a This table is not the result of a single regression, but is obtained from the iterative procedure
explained in the methodology section, where the productivity gains parameters and
productivity are jointly determined.

b All specifications estimate the effect of the row variables on productivity ωt. All variables are in
logs. Sector-year effects are included in all stages of the estimation procedure.

c All row variables are lagged one year with regards to ωt+1. ωt is lagged productivity, et is a
dummy indicating the lagged export status of the firm and OutwFDIt is a dummy indicating
the lagged outward FDI status.

d Column (1) fits the AR(1) productivity model to the data of equation (13), Column (2) allows
for a general evolution of productivity and controls flexibly for past export status according to
equation(14), Column(3) estimates (14) by sector and then pools across industries to find a
common productivity gain after outward FDI. The last three columns are the equivalent of the
first three, but distinguishing between outward FDI in former Yugoslavia (’ex-Yu’) and FDI in
other countries (’non ex-Yu’). In columns (3) and (6), we drop sector 10 because it gives
unrealistic coefficients of the production function, e.g. a negative labor coefficient. Possibly the
estimation algorithm is too demanding for the limited number of observations in this sector, as
this is the smallest sector in the sample.
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6 Conclusion

This paper provides new evidence on productivity gains after outward FDI. We use data

on Slovenian manufacturing firms in the period 1994-2002. In this period the country

experienced rapid productivity growth, structural changes of its economy, and a further

increase in international exposure of its firms. It therefore offers an interesting setting

to check for productivity gains due to this internationalization process. We investigate

whether firms investing abroad experience productivity gains in their domestic plants.

The results of this paper can be summarized as follows. First, we confirm an

established fact in the literature: exporters are more productive than non-exporters, and

firms investing abroad are even more productive. We apply and adapt the methodology

on learning by exporting, as developed in De Loecker (2013) and Van Biesebroeck (2005),

to look for productivity gains after outward FDI. We find evidence for productivity gains:

our results show that part of the productivity premium of firms investing abroad is due

to productivity gains after entry. The productivity gains only occur for investing in

countries outside of former Yugoslavia. The gains are larger for initially more productive

firms, suggesting that absorptive capacity is important: firms may learn more when

they are already at a higher level of productivity. The productivity gains do not occur

immediately after the investment, it takes some years before the productivity gains

occur. Possible explanations are that learning from foreign markets takes time to impact

the domestic plants or optimizing the functioning of the firm after the investment abroad

takes some years.

Outward FDI is a possible source of productivity gains for the domestic plants,

notably for the most productive ones. This provides an argument for the claim that

policy makers should foster the ‘stars’ among the domestic firms and facilitate their

expansion abroad where possible.
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A Appendix: detailed data description

The data are deflated in the following way. Materials and value added have been deflated

using the producer price index (at the 2-digit NACE industry level). For capital we

have used the CPI.

We carefully cleaned the data for outliers in the following way: observations with

extreme values for growth rates (smaller than the 1st percentile or larger than the

99th percentile) in value added, capital or labor have been dropped. We retained only

observations with positive values for materials, sales, value added and tangible fixed

assets.

The different sectors are defined in line with the EU KLEMS database industry

classification. Using this classification reduces the 22 NACE rev.1 two digit codes to 11

sectors. We do this to ensure that we have enough observation per sector to perform

the data demanding algorithms and prefer this over arbitrarily dropping two digit codes

that can be considered too small. The definition of the different sectors can be found in

table 15, together with the estimations of the production function.

B Appendix: relation between our procedure and

the DID approach

In this subsection, we show the relation between our estimation procedure and the

difference-in-differences (DID) approach. It is instructive to show what the timing

assumptions in the model mean. In doing so, we show that the bias for DID estimation

is no longer present when productivity is correctly estimated.

For simplicity, we stick to the simplest possible setting. We return to the learning

by exporting framework of the simplest functional form:

ωit+1 = ρωit + γeit + ξit+1. (17)

What we do in a DID framework, is taking a comparable firm to benchmark the

productivity evolution against. The idea is that if the productivity increase observed

after entry into export markets, is also observed for comparable firms, it cannot be

attributed to learning by exporting. However, estimating productivity relying on an

exogenous evolution process and then using the difference in differences framework is
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not consistent (De Loecker, 2013) as the increase in output due to productivity risks to

be attributed to an increase in inputs.

However, when productivity is estimated correctly, DID yields unbiased estimates

of the productivity gains again.23 To develop this reasoning, we stick to a simple and

intuitive DID framework. We compare the difference over time between the treated firm,

with index i, and the control firm, with index j. The difference over time is obtained by

substracting the productivity before treatment, denoted ωit−1, from the productivity after

treatment, denoted ωit+s). So for a single firm that starts to export and one correspond-

ing control firm, the estimated treatment effect becomes: (ωit+s−ωit−1)− (ωjt+s−ωjt−1).
Note that to simplify, we have assumed that ’before treatment’ is period -1, and the

treatment effect is measured in period s, with s the time between entry at time 0 and

the period under consideration. In the framework developed in the previous subsection,

there will not be an increase in productivity in period 0 (the period that the firm enters

the export market), as the productivity evolution process assumes that only the first

lag of exporting affects productivity. We see what happens in the DID framework with

a productivity that evolves according to specification (17), and that is consistently

estimated.

Period −1: before entry

The matching process prior to the difference in differences calculation has made sure

that (on average) the productivity of the control firm j is equal to the productivity of

the ’treated’ firm i:

ωit−1 = ωjt−1. (18)

Period 0: the ’treated’ firm enters the export market

Productivity for both firms evolves according to (17): ωi/j,0 = ρωi/j,−1 + γei/j,−1 + ξi/j,0.

For both firms, there is no productivity effect of exporting as ei/j,−1 = 0 (abbreviation

that we use for ei,−1 = 0 and ej,−1 = 0). So our difference in differences estimate

23Contrary to what is mentioned in De Loecker (2013) However the main point of his paper is
still valid: relying on an exogenous productivity evolution framework does not allow for learning by
exporting.
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becomes:

(ωi,0 − ωi,−1)− (ωj,0 − ωj,−1)

≡(ρωi,−1 + ξi,0 − ωi,−1)− (ρωj,−1 + ξj,0 − ωj,−1)

=(ρ− 1)(ωi,−1 − ωj,−1) + ξi,0 − ξj,0
⇒E[(ωi,0 − ωi,−1)− (ωj,0 − ωj,−1)|ei,0 = 1, ej,0 = 0, ei/j,−1 = 0] = 0.

This is 0 in expected value, taking into account (18) and the assumption that ξ is zero

mean.

Period 1: the ’treated’ firm has entered the export market last period:

Now a difference in productivity arises. Productivity for both firms evolves according to

(17): ωi/j,0 = ρωi/j,−1 + γei/j,−1 + ξi/j,0, but only for the treated firm i the export status

ei,0 = 1. The DID estimate for this period becomes:

(ωi,1 − ωi,−1)− (ωj,1 − ωj,−1)

≡(ρωi,0 + γ + ξi,1 − ωi,−1)− (ρωj,0 + ξj,1 − ωj,−1)

≡(ρ(ρωi,−1 + ξi,0) + γ + ξi,1 − ωi,−1)− (ρ(ρωj,−1 + ξj,0) + ξj,1 − ωj,−1)

=(ρ2 − 1)(ωi,−1 − ωj,−1) + γ + ρ(ξi,1 − ξj,1) + (ξi,0 − ξj,0)

⇒E[(ωi,1 − ωi,−1)− (ωj,1 − ωj,−1)|ei,0 = 1, ei,−1 = 0, ej,0/−1 = 0] = γ

Period 2 and further:

For period 2, the total learning effect would become:

E[(ωi,2 − ωi,−1)− (ωj,2 − ωj,−1)|ei,1/0 = 1, ei,−1 = 0, ej,1/0/−1 = 0] = (1 + ρ)γ

E[(ωi,∞ − ωi,−1)− (ωj,∞ − ωj,−1)|ei,t≥0 = 1, ei,t<0 = 0, ej,. = 0] = γ/(1− ρ)

Again, it is instructive to summarize what we have learned from this analysis. First,

we can conclude that under this productivity evolution process, the DID estimates do

yield consistent estimates, but only if productivity is consistently estimated, so including

the export status in the production function estimation algorithm.24 The second and

most important point: when correctly estimating the production function, the learning

by exporting effect is estimated jointly with the production function coefficients, so

24When not including the export status, the DID estimates will be most likely downward biased, see
De Loecker (2013) for a detailed discussion
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there is no need to do an additional DID estimation.

C Appendix: further details on the productivity es-

timation methodology

C.1 Inversion equation to control for endogeneity

Equation (2) cannot be estimated using OLS, because of the simultaneity problem: the

firm’s optimal choice of inputs will generally be correlated with the part of productivity

that is observed by the firm, ωit. Olley and Pakes (1996) argue that it is possible to

control for ωit in the estimation process, if you assume that, conditional on capital, a

firm’s investment level is a strictly increasing function of its current productivity ωit,

that is

iit = ft(kit, ωit). (19)

The strict monotonicity assumption allows you to invert equation (19) as follows:

ωit = f−1t (kit, iit). (20)

Levinsohn and Petrin (2003) propose to use input materials mit instead of investment in

equations (19) and (20). Ackerberg, Caves, and Frazer (2006) relax the assumption in

Olley and Pakes (1996) that labor is freely variable. Their inverted equation therefore

becomes the following (using materials as the proxy variable for productivity):

mit = ft(ωit, lit, kit)⇒ ωit = f−1t (lit, kit,mit). (21)

C.2 Details on the estimation algorithm

The ’usual’ Ackerberg, Caves, and Frazer (2006) methodology is implemented as follows.

In the first stage, we estimate φit by running an OLS regression of (4) including time

dummies, yielding φ̂it = yit − ε̂it. Given a solution candidate25 (β̃l, β̃k), we can calculate

the estimates of the ξit’s in two steps. First, we take a candidate solution (β̃l, β̃k) and

25As starting values we take the coefficients obtained by running an OLS regression of yit =
βk · kit + βl · lit + δt + ηit.
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use the estimate φ̂it to compute the implied ω̂it as follows:

ωit(β̃k, β̃l) = φ̂it − β̃k · kit − β̃l · lit. (22)

Second, we regress ωit+1 on a 4th order polynomial of ωit, a constant and time dummies.

The residuals from this regression are estimates of the ξit(β̃l, β̃k)’s. We can now iterate

this procedure to find the solution (βl, βk) that minimizes the sample analogue to the

moment conditions (8) and (9):

1

T

1

N

∑
t

∑
i

ξ̂it+1(β̃l, β̃k) ·

(
kit+1

lit

)
. (23)

At this point, it is useful for reasons of clarity to summarize the general assumptions

that are taken in this approach:

1. The functional form assumption of expression (2) states that all firms (within an

industry) have the same technology parameters, and that existing productivity

differences across firms or productivity evolutions within a firm over time, are

Hicks neutral. Output is driven by 3 factors: two inputs, labor and capital, and

by the state variable productivity (ωit).

2. Productivity is observed by the firm but not by the econometrician. The use of

materials ’reveals’ the productivity of the firm, see expression (21).

3. Productivity ωit evolves exogenously according to a first order Markov process

(expression (6)). That is, expected productivity in the next period only depends

on productivity in the current period. The firm cannot influence the evolution of

productivity. In addition, the firm knows how expected productivity evolves, and

uses this information to form expectations on its productivity for next period.

4. The timing assumptions of when the inputs are decided upon, allow to construct

the moment conditions to identify the unknown parameters in the model: the

coefficient on the inputs βk and βl. In addition, an estimate of the unobserved

productivity ωit can be backed out of the model.

Our estimation of the productivity gains goes as follows. We start from a Cobb-

Douglas production function, with two inputs:

yit = βk · kit + βl · lit + ωit + εit, (24)
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where all variables are in logs and yit represents the output (value added), lit the number

of workers and kit the capital of firm i in time period t, ωit the productivity shock

observed by the firm and εit is the iid error term capturing unanticipated shocks and

measurement error.

We rely on material demand to proxy for productivity, and follow De Loecker

and Warzynski (2012) in allowing internationalization status to affect optimal input

demand:26

mit = ft(ωit, lit, kit, eit, oFDIit)⇒ ωit = f−1t (lit, kit,mit, eit, oFDIit). (25)

A major advantage of using a static input, such as materials, is that we do not have to

revisit the firm’s dynamic programming problemḟootnoteAs explained in e.g. De Loecker

(2011), De Loecker and Warzynski (2012) and Doraszelski and Jaumandreu (2013). In

our setting, the materials used are the solution to the firm’s short run profit maximization

problem without dynamic implications. This in contrast with using investment as a

proxy variable, see Van Biesebroeck (2005) for more details.

The first stage is used to estimate the expected output net from the unanticipated

shock, denoted φ̂it = yit − ε̂it. To this end, we approximate the following expression,

φit(lit, kit,mit, eit, oFDIit) = βk ·kit+βl ·lit+f−1t (lit, kit,mit, eit, oFDIit) ≡ yit−εit, (26)

by regression output yit on a 4th order polynomial in labor lit, capital kit, materials mit

and a dummy for export status eit, complemented with an additive dummy for outward

FDI. We also use time dummies (or sector-time interaction dummies in case we estimate

the effect over the pooled manufacturing sample).

Given a solution candidate,27 (β̃l, β̃k) we can calculate the estimates of the ξit’s in

26De Loecker and Warzynski (2012) argue that one needs to include the relevant variables potentially
affecting differences in input demand choices of the firms. The idea behind it, is that firms with a higher
demand for output, will, conditional on other inputs, use more materials in order to produce a higher
output. However, this reasoning seems to be relevant for gross output production functions only, where
firms can indeed produce more when using more materials inputs and holding other inputs constant.
When using value added as measure for output, the firm is assumed to use a fixed proportion of
materials for a unit of output, and therefore cannot increase output by increasing materials, conditional
on labor, capital and productivity. We therefore also experimented with the basic materials demand
function mit = ft(ωit, lit, kit) without including dummies for export and outward FDI status, and found
that the results are very similar.

27As starting values we take the coefficients obtained by running an OLS regression of yit =
βk · kit + βl · lit + eit + oFDIit + δt + ηit.



D APPENDIX: PRODUCTIVITY PREMIA LABOR PRODUCTIVITY 40

two steps. As in the ’normal’ ACF procedure, we take a candidate solution (β̃l, β̃k) and

use the estimate φ̂it to compute the implied ω̂it as in expression (22). Second, we regress

ωit+1 on a 4th order polynomial in ωit and the export status eit, and in addition to a

constant and time dummies, also on the dummy for outward FDI, in line with expression

(14). This can be iterated using the moment condtions (8) and (9), to minimize the

sample analogue in expression (23). Note that the procedure directly yields us the

parameter of interest, that is γFDI in expression (14).

D Appendix: productivity premia labor productiv-

ity

Figure 6: Labor productivity distribution
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Table 12: Productivity premia for export and outward FDI status

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

VA/l VA/l VA/l VA/l

Export 0.142∗∗ 0.123∗∗ 0.122∗∗ 0.123∗∗

(0.0183) (0.0184) (0.0184) (0.0184)

OutwFDI 0.162∗∗

(0.0300)

OutwFDI (ex-Yu) 0.124∗∗

(0.0361)

OutwFDI (non ex-Yu) 0.123∗∗

(0.0424)

Time × sector effects yes yes yes yes

Observations 16534 15130 16534 16534

R2 0.185 0.178 0.190 0.190

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a The dependent variable VA/l is (log) labor productivity, defined as value added per worker.

E Appendix: robustness check - regression based

approach with labor productivity

As an additional robustness check, and to illustrate that the effect we pick up is

not introduced in one of the steps of the complex algorithm, we present some basic

straight-forward regressions in this section. Remember that the effect in our algorithm

is identified from the law of motion as in expressions (13) and (14). Intuitively speaking,

we estimate the effect of outward FDI in period t on the productivity level of the next

period t + 1, controlling for relevant variables such as past productivity and export

status. To simplify this, we mimic our main table taking a standard regression approach

and a simple productivity measure, i.e. labor productivity, defined as value added per

worker. We run variations of the following regression:

lprit+1 = ρ lprit + γe eit + γfdi oFDIit + dst + εit, (27)

where lprit stands for (log) labor productivity and dst is a year-sector interaction dummy.

The results can be found in table 13. In these regressions, lagged outward FDI in

general already has a positive coefficient (see columns 1 to 3), but the effect is more

pronounced for destinations outside of ex-Yugoslavia (columns 4 to 6).
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Table 13: Productivity gains after outward FDI - labor productivity

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

lprt+1 lprt+1 lprt+1 lprt+1 lprt+1 lprt+1

lprt 0.778∗∗ 0.778∗∗

(0.00834) (0.00835)

et 0.0126+ 0.0152∗ 0.0138∗ 0.0126+ 0.0153∗ 0.0138∗

(0.00678) (0.00651) (0.00660) (0.00678) (0.00650) (0.00659)

OutwFDIt 0.0294∗∗ 0.0305∗∗ 0.0309∗∗

(0.00918) (0.00803) (0.00791)

OutwFDIt (ex-Yu) 0.0179 0.0163+ 0.0171+

(0.0109) (0.00959) (0.00944)

OutwFDIt (non ex-Yu) 0.0313∗ 0.0346∗∗ 0.0346∗∗

(0.0135) (0.0116) (0.0116)

Time × sector effects yes yes yes yes yes yes

Polynomial in lprt and et no yes yes no yes yes

Polynomial per sector no no yes no no yes

Observations 12877 12877 12877 12877 12877 12877

R2 0.706 0.718 0.722 0.707 0.718 0.722

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a All specifications estimate the effect of the row variables on labor productivity, defined as value
added per worker. All variables are in logs. Sector-year effects are included in all regressions.

b All row variables are lagged one year with regards to lprt+1. lprt is lagged productivity, et is a
dummy indicating the lagged export status of the firm and OutwFDIt is a dummy indicating
the lagged outward FDI status.

c Column (1) estimates specification (27), column (2) uses the terms of a fourth order
polynomial of lprt and et as a regressors, column(3) is the equivalent of column (2), but with
estimates by sector and then pooling across industries to find a common productivity gain after
outward FDI. The last three columns are the equivalent of the first three, but distinguishing
between outward FDI in former Yugoslavia (’ex-Yu’) and FDI in other countries (’non ex-Yu’).
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F Appendix: interpretation of the coefficient

This subsection further illustrates that the coefficient of interest picks up differences in

productivity growth, not just persistent productivity differentials between firms that

did and firms that did not engage in outward FDI.

To this end, we use labor productivity growth as dependent variable rather than the

(log) level of labor productivity. We use variations of the following regression:

∆lprit+1 = φ lprit + γe eit + γfdi oFDIit + dst + εit. (28)

The set up of this table is different from the previous tables. The first column

uses only the lagged export dummy as a regressor, the second column adds the lagged

outward FDI dummy as a regressor and the third column replaces the lagged outward

FDI dummy, by a dummy that distinguished between outward FDI in ex-Yugoslavia

and outward FDI in other countries. The first 3 columns do not show any significant

coefficient, which contradicts the earlier results. However, the expected effects appear

again when we control for the past labor productivity level, see columns 4 to 6. The

results show a negative relation between labor productivity growth from t and t + 1

and the productivity level in t, suggesting that less productive firms catch up with the

firms that have a higher productivity. When controlling for this effect, we find a positive

coefficient on past export status and past outward FDI status, notably for outward FDI

in outside ex-Yugoslavia.

Important to note here is that column (4) in table 13 and column (6) in table 14

show exactly the same point estimates. This is not a coincidence. The corresponding

regression specifications (27) and (28) are fully equivalent, as formally shown below. To

simplify the derivation, we only include the lagged export status, and drop time-sector

dummies. We start from the simplified version of expression (27), and show with

some basic algebraic manipulations, that it is fully equivalent to a simplified version of



F APPENDIX: INTERPRETATION OF THE COEFFICIENT 44

Table 14: Productivity gains after outward FDI - labor productivity growth

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

∆lprt+1 ∆lprt+1 ∆lprt+1 ∆lprt+1 ∆lprt+1 ∆lprt+1

lprt -0.221∗∗ -0.222∗∗ -0.222∗∗

(0.00832) (0.00834) (0.00835)

et -0.00377 -0.00368 -0.00378 0.0163∗ 0.0126+ 0.0126+

(0.00597) (0.00615) (0.00613) (0.00664) (0.00678) (0.00678)

OutwFDIt -0.000695 0.0294∗∗

(0.00626) (0.00918)

OutwFDIt (ex-Yu) -0.00663 0.0179

(0.00745) (0.0109)

OutwFDIt (non ex-Yu) 0.0106 0.0313∗

(0.00976) (0.0135)

Time × sector effects yes yes yes yes yes yes

Observations 12877 12877 12877 12877 12877 12877

R2 0.079 0.079 0.079 0.192 0.192 0.192

Standard errors clustered at the firm level in parentheses

+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

a All specifications estimate the effect of the row variables on labor productivity growth from
year t to year t+ 1, with labor productivity defined as value added per worker. All variables
are in logs. Sector-year effects are included in all regressions.

b lprt is lagged productivity, et is a dummy indicating the lagged export status of the firm and
OutwFDIt is a dummy indicating the lagged outward FDI status.

expression (28).

lprit+1 = ρ lprit + γe eit + εit

lprit+1 − ρ lprit = γe eit + εit

(lprit+1 − lprit) + (1− ρ) lprit = γe eit + εit

∆lprit+1 = (ρ− 1) lprit + γe eit + εit

∆lprit+1 = φ lprit + γe eit + εit
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G Appendix: production function coefficients

Table 15: General productivity evolution with sector-specific TFP

Nace codes Description Labor Capital

15 Food and beverages 0.80 0.23

17-19 Textiles, wearing apparel, leather and footwear 0.55 0.20

20 Wood and cork 0.71 0.16

21-22 Paper, pulp, printing and publishing 0.76 0.22

23-25 Chemical, rubber, plastics and fuel 0.89 0.18

26 Other non-metallic mineral 0.71 0.22

27-28 Basic and fabricated metal 0.54 0.24

29 Machinery n.e.c. 0.74 0.16

30-33 Electrical and optical equipment 0.71 0.25

34-35 Transport equipment 0.84 0.16

36 Furniture, manufacturing n.e.c. 0.84 0.15
a Production function coefficients according to our preferred specification, specification

used in column(6) of table 6.
b All coefficients are statistically significant at the 5% level (bootstrapped standard

errors).
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38(4), 1384–1400.

Amiti, M., and J. Konings (2007): “Trade liberalization, intermediate inputs, and
productivity: Evidence from Indonesia,” American Economic Review, 97(5), 1611–
1638.

Arnold, M. J., and B. Javorcik (2009): “Gifted kids or pushy parents? Foreign
direct investment and plant productivity in Indonesia,” Journal of International
Economics, 79(1), 42–53.

Barba Navaretti, G., D. Castellani, and A.-C. Disdier (2010): “How does
investing in cheap labour countries affect performance at home? Firm-level evidence
from France and Italy,” Oxford Economic Papers, 62(2), 234–260.

Basu, S., and J. G. Fernald (1997): “Returns to scale in US production: Estimates
and implications,” Journal of Political Economy, 105(2), 249–283.

Becker, S. O., and M.-A. Muendler (2008): “The effect of FDI on job security,”
The BE Journal of Economic Analysis & Policy, 8(1).

Bernard, A. B., and J. B. Jensen (1995): “Exporters, jobs, and wages in US
manufacturing: 1976-1987,” Brookings Papers on Economic Activity. Microeconomics,
1995, 67–119.

(1999): “Exceptional exporter performance: cause, effect, or both?,” Journal
of International Economics, 47(1), 1–25.

Bertrand, O., and M.-A. Betschinger (2012): “Performance of domestic and
cross-border acquisitions: Empirical evidence from Russian acquirers,” Journal of
Comparative Economics, 40(3), 413–437.
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