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Abstract 

The COVID-19 pandemic has led to an unprecedented collapse in global economic activity 
and trade. The crisis has also highlighted the role played by global value chains (GVC), with 
countries facing shortages of components vital to everything from health systems to everyday 
household goods. Despite the vulnerabilities associated with increased interconnectedness, 
GVCs have also contributed to increasing productivity and long-term growth. We explore 
empirically the impact of GVC participation on productivity in Estonia using firm-level data 
from 2000 to 2016. We find that higher GVC participation at the industry level significantly 
boosts productivity at both the industry and the firm level. Frontier firms, large firms, and 
exporting firms also benefit more from GVC participation than non-frontier firms, small firms, 
and non-exporting firms. We also find that GVC participation of downstream industries has a 
negative correlation with productivity. Frontier firms and large firms benefit more from GVC 
participation of upstream industries, while non-frontier firms and small firms benefit more 
from GVC participation of downstream industries. Our results suggest that policies designed 
to promote participation in GVCs are important to raise aggregate productivity and potential 
growth in Estonia. 

JEL Classification Numbers: F14, F15, L25, O47 

Keywords: global value chains, trade, productivity 

* Acknowledgments: The authors gratefully acknowledge useful comments and suggestions by Kaspar Oja, Brad McDonald,
Diego Cerdeiro, and seminar participants at the IMF European Department internal seminar.

IMF Working Papers describe research in progress by the author(s) and are published to 
elicit comments and to encourage debate. The views expressed in IMF Working Papers are 
those of the author(s) and do not necessarily represent the views of the IMF, its Executive Board, 
or IMF management.   

©International Monetary Fund. Not for Redistribution



 3 
 
 
Author’s E-Mail Address: hang.banh@unsw.edu.au; pwingender@imf.org; cgueye2@imf.org    

 
TABLE OF CONTENTS 

 
Abstract ................................................................................................................................ 2 

I. Introduction ....................................................................................................................... 5 
II. Literature Review ............................................................................................................. 7 

III. Data and Methodology .................................................................................................... 9 
A. Data.................................................................................................................................. 9 

B. Measures of Global Value Chains ................................................................................... 10 
Measure of GVC Participation ................................................................................... 10 

Measure of position in GVCs ..................................................................................... 10 
C. Productivity Estimation Method ..................................................................................... 11 

IV. Stylized facts ................................................................................................................. 13 
A. Global Value Chain Participation of Estonia ................................................................... 13 

B. Productivity of Estonian firms ........................................................................................ 18 
C. GVC participation and Productivity ................................................................................ 19 

V. Econometric results ........................................................................................................ 20 
A. Impact of Global Value Chains participation on productivity at industry level ................ 20 

B. Impact of Global Value Chains participation on productivity at firm level ...................... 22 
Direct effect ............................................................................................................... 22 

Heterogeneity in the direct effect................................................................................ 24 
Spillover effects ......................................................................................................... 25 

C. Robustness checks .......................................................................................................... 28 
VI. Conclusion and Policy Implications .............................................................................. 32 

VII. REFERENCES ............................................................................................................ 33 
VIII. APPENDIX ................................................................................................................ 37 

A. Variables used in the productivity estimation .................................................................. 37 
B. Comparison between Orbis and Statistics Estonia ........................................................... 38 

 
FIGURES 

 
Figure 1. GVC Participation of Baltic countries ......................................................................14 

Figure 2: Top 10 destination and source countries of Estonian value-added exports in 2015 ....14 
Figure 3: Estonia GVC participation over time ........................................................................15 

Figure 4: GVC participation by industry in 2015 .....................................................................17 
Figure 5: GVC participation over time ....................................................................................18 

Figure 6. Productivity over time ..............................................................................................19 
Figure 7: Productivity trends by firm size ................................................................................19 

Figure 8. GVC participation and Productivity..........................................................................20 
 

TABLES 
 

Table 1: Summary statistics...................................................................................................... 9 
Table 2: GVC Participation and Position by Sector in Estonia in 2015 ....................................16 

Table 3: GVC participation and productivity at industry level .................................................22 
Table 4: GVC participation and productivity at firm level .......................................................24 

Table 5: Spillover effects at firm level .....................................................................................27 

©International Monetary Fund. Not for Redistribution

Underline

ELCOT
Underline

Underline



 4 
 

Table 6: GVC participation and productivity at industry level – mean productivity .................28 
Table 7: GVC participation and productivity at firm level – labor productivity ........................29 

Table 8: GVC participation and productivity at firm level .......................................................30 
Table 9: Spillover effects at firm level .....................................................................................31 

Table 10: GVC participation and productivity at firm level – exclude multinationals ..............32 
Table A1: Variable definitions ................................................................................................37 

Table B1: Comparison between Orbis and Statistics Estonia, Output .......................................38 
Table B2: Comparison between Orbis and Statistics Estonia, Employees (thousands) .............39 

Table B3: Comparison between Orbis and Statistics Estonia, Value added ..............................40 
Table B4: Comparison between Orbis and Statistics Estonia, exports ......................................41 

   

©International Monetary Fund. Not for Redistribution

Underline



 5 
 

I.   INTRODUCTION 

The COVID-19 pandemic has led to an unprecedented collapse in global economic activity and trade. 
Like other European economies, Estonia is also expected to see a sharp drop in GDP growth and trade. 
The crisis has also highlighted the role played by global value chains (GVC), with countries facing 
shortages of components vital to everything from health systems to everyday household goods. While 
long-term outcomes of the crisis are yet to be seen, economies may face further uncertainty from global 
supply chain reconfigurations as companies try to enhance their resilience to supply disruptions. These 
dynamics could that affect exports and market access. 

Despite the vulnerabilities associated with increased interconnectedness, GVCs have also contributed 
to increasing productivity and long-term growth. Estonian firms have successfully engaged in Global 
Value Chains (GVCs). According to Statistics Estonia, Estonia’s exported goods were worth around 
80 percent of GDP, while imports to Estonia amounted to above 75 percent in 2016. In value added 
terms, exports contributed 44 percent of total GDP, while imports accounted for 43 percent of total 
GDP in 2014 (OECD, 2017a). Finland, Sweden, Latvia and Germany are the country’s main trading 
partners. Intermediates represents 69 percent of Estonia’s total exports and 67 percent of the country’s 
total imports. Finland is the most important direct destination of Estonia’s intermediate exports 
(accounting for around 18 percent of total exports), followed by Sweden and Russia. The Estonian 
economy is well integrated into global trade and export performance has been resilient.  

Studies have shown that engaging in GVCs provides opportunities for technology transfer or 
knowledge spillovers. These advantages are particularly favorable to local firms through pooling 
knowledge with foreign suppliers and using more differentiated variety of inputs and higher-quality 
foreign services and inputs. Bas and Strauss-Kahn (2014) find that an increase in the share of imported 
inputs used in production raises firm-level productivity and exports in France. Another mechanism 
through which GVCs might raise incentives to innovate and adopt foreign technologies of local firms 
is increasing pressure to match international standards (Pietrobelli and Rabellotti, 2011). By making 
increasing use of available foreign knowledge and technology, local firms are expected to boost their 
own innovation activity and lift productivity.  

Although Estonia’s response to the Covid-19 crisis has been remarkably successful, its exports and 
imports of goods and services have been sharply affected. Consensus forecasts across the board 
predicts that the Estonian economy is likely to shrink by around 7 percent this year compared to last 
year. At the same time, most firms in Estonia are micro and small firms (only about 4% are firms 
with more than 50 employees in 2016 in the ORBIS database) who are most vulnerable to the 
pandemic. Estonian government has introduced economic stimulus package to overcome the crisis 
and help companies. However, policies to push productivity to raise competitiveness in the long term 
are also important. Therefore, understanding how GVC participation could affect productivity would 
have meaningful policy implications in Estonia. 

Estonia thus represents an interesting country case to study the impact of GVC participation on 
productivity. Despite rapid convergence since joining the EU in 2004, continued strong productivity 
growth is needed to ensure that the convergence process continues. Yet, the Estonian economy has 
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been growing more slowly in recent years as unused production resources are becoming scarcer while 
new resources are added slowly (Eesti Pank, 2018). Going forward, potential growth over the medium 
term is expected to decline due to ageing population and slow productivity growth (IMF Country 
Report, 2018). Moreover, in the context of a small-open economy, access to foreign market under the 
GVC participation is essential. Estonian firms could take advantage of economy of scales and enhance 
know-how through technology transfer and improved worker skills. Therefore, understanding how 
GVC participation could affect productivity would have meaningful policy implications in Estonia.  

The empirical literature on GVC participation is ample for advanced and emerging countries, but rather 
sparse on Estonia. Benkovskis et al. (2018) investigate the effect of export status on productivity, 
employment and wages of Latvian and Estonian firms. However, GVC participation is not measured 
directly, but rather proxied by export status. Criscuolo and Timmis (2018) study the effect of the 
changing structure of GVC on firm productivity for firms operating in OECD countries including 
Estonia. Yet, they focus on GVC centrality but not directly on GVC participation and do not separately 
investigate the effect for Estonian firms.  

Using Estonian firm-level data and data on GVC at industry level, we estimate the effects of GVC 
participation on productivity at both the industry level and the firm level. We construct measure of 
GVC participation and measure of upstreamness following Koopman et al. (2010) and estimate firm-
level productivity using the method proposed by Ackerberg et al. (2015). To deal with endogeneity 
concerns, we instrument GVC participation in Estonia with average GVC participation by industry 
measured at world level. We find that GVC participation has a positive impact on productivity. In terms 
of firm heterogeneity, we find that frontier firms, large firms (both by size and by sales), and exporting 
firms benefit more from GVC participation than non-frontier firms, small firms, and non-exporting 
firms. We also explore the impact of the upstream and downstream spillover effects of GVC 
participation and find a positive correlation between productivity and GVC participation of upstream 
industries.  

Against this background, our study contributes to the ongoing debate on the benefits and drawbacks of 
GVC. We first show that GVC participation improves productivity and the effect is larger for large 
firms and exporting firms.  We also explore the upstream and downstream spillover effects of GVC 
participation. Highly productive firms and large firms are benefited more from GVC participation of 
upstream industries and less from GVC participation of downstream industries. Since productivity is 
the key for Estonia to converge to the income level of other rich OECD countries (OECD 2017, IMF 
2018), the paper provides new policy insights for Estonia to raise aggregate productivity and thus 
economic growth. 

We utilize the most recent method proposed by Ackerberg et al. (2015) to estimate firm-level 
productivity. Past studies have typically used total factor productivity estimated at an aggregated level 
(e.g. Chiacchio et al., 2018) or simple measures of productivity such as the ratio of sales to the number 
of employees or real value added per worker. However, sales- or gross output- based labor productivity 
measures do not take into account intermediate input usage. Value added-based labor productivity 
controls for intermediate inputs, but this measure still cannot distinguish differences in capital intensity 
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across firms. The productivity estimation approach in our paper controls for potential endogeneity 
problems as well as relaxes the assumption of constant returns to scale which is needed when measuring 
productivity using index number measures (e.g. relating output to a weighted sum of inputs).  

The rest of the paper will proceed as follows. In Section II, we present the literature review. In Section 
III, we describe the data and the methodology, in particular the measurement of GVC and the estimation 
of productivity. Section IV summarizes the stylized facts. Section V discusses the econometric results. 
Section VI provides main conclusions. 

II.   LITERATURE REVIEW 

The concept of GVC did not follow a linear development path and emerged in recent decades as a 
worldwide phenomenon. When the movement of goods, people, and ideas was not as frictionless as it 
is today, economic activities were organized mostly within the boundaries of a small-scale community. 
International trade began to develop at the beginning of the 19th century when steam engines rapidly 
improved land and water transportation, triggering unprecedented expansion of trade activities. The 
point of consumption was unbundled from the point of production. Paradoxically, during the 
unbundling phase, production was clustered locally in factories and industrial districts. 

The information technology revolution in the 1980s completely changed this picture. With telexes, 
facsimiles, and the Internet – along with high speed international communication networks – it became 
cheaper and easier to coordinate complexity at a distance, which brought the second unbundling (FGI, 
NTU, and WTO, 2013). With falling trade barriers and communication costs in the 21st century, 
production has become “longer” and has often involved different stages in different countries. The rise 
and changes of GVCs has been facilitated by technological progress, trade costs, transport and 
communication costs, access to resources and markets, and trade policy reforms (De Backer and 
Miroudot, 2014).  

The main characteristic of the GVC paradigm is the variety of its intellectual origins. GVCs have been 
described in the literature using different terms, such as fragmented production blocks and service links 
(Jones and Kierzkowski, 1990), global commodity chain (Gereffi, 1994), offshore sourcing (Arndt, 
1997), disintegration of production (Feenstra, 1998), global production sharing (Yeats, 2001), vertical 
specialization (Hummels et al., 2001), outsourcing (Grossman and Helpman, 2002), vertical production 
networks (Hanson et al., 2005), trade in tasks (Grossman and Rossi-Hansberg, 2008) and the second 
unbundling (Baldwin, 2013). Humphrey and Schmitz (2002) and Gereffi, Humphrey, Sturgeon (2005) 
developed a comprehensive analytical framework on the structure and mechanism of value distribution 
among countries, using the term “global value chain”.  

The GVC literature draws a wedge between “producer-driven” and “buyer-driven” chains. In producer-
driven GVCs, lead firms are placed upstream and control the design of products and most of the 
assembly. By contrast, retailers and branded marketers control the production which can be totally 
outsourced in buyer-driven chains. Recent research puts the emphasis on the concept of “network” 
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rather than “chain” (Coe and Hess, 2007). In this paper, by measuring the position and participation of 
countries in global production, we focus on “global value chains” instead of network analysis. 

Studies have found that countries could reap great benefits from GVC participation. In general, GVCs 
increase efficiency in the globalized system of production (Baldwin, 2012; Grossman and Rossi-
Hansberg, 2008). GVCs also provide opportunities for developing countries to increase their 
participation in global trade and to diversify their exports. Without GVCs, firms in a developing 
country would have to be able to build a whole course of production capacity in order to expand a new 
product and participate in the global economy (Kowalski et al., 2015). Moreover, more employment 
opportunities are created when countries participate in GVCs (UNCTAD, 2013). As we mentioned, 
GVCs also provide opportunities for technology transfer and knowledge spillover (Pietrobelli and 
Rabellotti, 2011; Kawakami et al., 2012). However, gains from GVC participation would vary 
depending on the position in the chains. 

Empirical studies on GVCs combining firm-level data and sectoral level data are still relatively scarce 
but are expanding rapidly. Attempts have been made to investigate how firms shape the organization 
of GVCs using firm-level data. Alfaro et al. (2018) link firm level data with information from standard 
Input-Output tables to study integration choices along value chains. They find that firms’ elasticities 
of demand for a final product crucially determines the direction of integration on the GVCs. Using 
firm-level data in 150 countries, Del Prete and Rungi (2017) find similar empirical evidence. A 
different strand of research merges firm-level data and measures of position in GVCs at industry level 
to study the impact of GVCs on firms’ response to exchange rate movements (Ahmed et al., 2015; 
Berthou and Dhyne, 2018).  

Our paper is also directly related to the literature studying the link between GVC participation and 
productivity gains. Using data at the industry-country level, Constantinescu et al. (2017) investigate 
the impact of GVC participation on labor productivity and find that an increase of 10 percent in the 
level of global value chain participation increased average productivity by close to 1.7 percent. An 
increase in GVC participation is also found to have a positive effect on firm patenting. Increased GVC 
participation also leads to higher employment growth for the average firm and faster employment 
growth for patenting firms (IMF World Economic Outlook, 2018). Benkovskis et al. (2018) investigate 
the effect of export status on productivity, employment and wages of Latvian and Estonian firms. They 
find that exporting firms in Latvia and Estonia are more productive, larger and pay higher wages, and 
are more capital intensive than non-exporting firms. Del Prete et al. (2017) study the effect for North 
African firms and find that firms participating in GVCs both perform better ex ante and obtain 
productivity gains ex post. These papers estimated total factor productivity using the method of 
Levinsohn and Petrin (2003) and Ackerberg et al. (2015). However, GVC participation is not observed 
directly, but rather proxied either by export status (Benkovskis et al., 2018) or indicators for 
internationally recognized quality certification (Del Prete et al., 2017).  
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III.   DATA AND METHODOLOGY 

A.   Data 

The firm-level data used in this paper is taken from the ORBIS database, which is a commercial 
database containing information on companies or business records from around the world. The dataset 
covers information on sales, material costs, number of employees, and capital stock, which allows us 
to estimate firm productivity according to the methodology described in the next section. For the 
purpose of this project, we use Estonian firm-level data. There are more than 103,000 firms in 19 NACE 
(General Industrial Classification of Economic Activities within the European Community) sectors, 
from 1999 to 2016. We drop firms whose accounting period is not 12 months. Observations with 
missing or negative values of sales, employees, capital and material costs are also removed from our 
sample. After comparing summary statistics on output, value added, and number of employees between 
Orbis data and published data from Statistics Estonia, we restrict sample to the years from 2002 to 2016 
to have a good representative sample for all Estonian firms. We end up with a sample of 27,451 firms 
with more than 216,000 observations. Material costs and capital stock are deflated using industrial 
producer price index (PPI) from Eurostat, and sales are deflated using domestic output price indexes 
from Eurostat. For two-digit NACE industries with missing values on domestic output price index from 
Eurostat2, we replace domestic output price by Harmonized Indices of Consumer Prices (HICP). We 
construct deflators by matching HICP goods/ services with two-digit NACE sectors in firm-level data. 
Table 1 provides descriptive statistics for the sample, including information on the number of firms, 
total value-added, sales, and productivity. 

Table 1: Summary statistics  

Variables Observations Mean Standard deviation 
ln(Sales) 216,020 7.35 1.80 
ln(Materials) 216,020 6.37 2.25 
ln(Capital) 216,020 5.22 2.20 
ln(Employees) 216,020 1.29 1.21 
ln(TFP) 215,979 1.27 0.21 

      Source: ORBIS data and author’s calculation. Values are in real terms, the base year for the price index: 2015.  

We also provide a comparison of total output, value added, employment and exports between data from 
Orbis and aggregate data from Statistic Estonia in Tables B1, B2, B3, B4 in the appendix. After 
cleaning the data, our estimation sample covers more than 60% of total output, above 30% of total 
employees, over 30% of total value added and about 60% of total exports in Estonia.   

The data used to construct measures of GVC participation and position in the GVCs is the Eora Multi-
Region Input-Output (MRIO) database (Lenzen et al., 2012 and Lenzen et al., 2013). This dataset 
provides a set of both national and global input-output tables, covering 26 industries in 189 countries 

 
2 Most of these industries belong to services sector. 
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from 1990 to 2015. This database contains detailed information on final demand matrices, intermediate 
input matrices, and value-added matrices. Thus, the MRIO table allows us to measure value added 
embodied in gross trade flows. This data set has been used in several papers such as Del Prete et al. 
(2017) and Aslam et al. (2017). 

B.   Measures of Global Value Chains  

Measure of GVC Participation 

A measure of GVC participation based on Input-Output (IO) tables was first proposed by Hummels et 
al. (2001). They provide measures of both direct value-added trade and indirect value-added trade that 
passes through third countries. However, their measures face the problem of “double counting” when 
intermediates cross borders more than once (Koopman et al. (2010)). Therefore, we apply the GVC 
participation measure proposed by Koopman et al. (2010) which captures all sources of value added in 
gross exports and eliminates the “double counting” problem.3 The GVC participation index is defined 
as:  

𝐺𝑉𝐶𝑝𝑐𝑠 =
𝐹𝑉𝐴𝑐𝑠+𝐷𝑉𝑋𝑐𝑠

𝐺𝑟𝑜𝑠𝑠 𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑐
    (3.2.1) 

where 𝐹𝑉𝐴𝑐𝑠 denotes foreign value added of sector s in country c, 𝐷𝑉𝑋𝑐𝑠 indicates the indirect value 
added of sector s in country c and 𝐺𝑟𝑜𝑠𝑠 𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑐 refers to the total exports of country c. 𝐹𝑉𝐴𝑐𝑠 
measures imported intermediate input content of exports and is referred to as a measure of “backward 
participation”. 𝐷𝑉𝑋𝑐𝑠 counts the portion of exports that are used as inputs by another country in the 
production of its export goods. DVX, thus, could be considered as a measure of “forward participation”. 
The larger the ratio, the greater the intensity of involvement of a sector in a country in GVCs.  

Measure of position in GVCs 

Position of a sector in the GVCs is defined as the log ratio of a country-sector’s supply of intermediates 
used in other countries’ exports to the use of imported intermediates in its own exports (Koopman et 
al. (2010)).   

𝑈𝑝𝑠𝑡𝑟𝑒𝑎𝑚𝑐𝑠 = ln (1 +
𝐷𝑉𝑋𝑐𝑠

𝐺𝑟𝑜𝑠𝑠 𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑐
) − ln (1 +

𝐹𝑉𝐴𝑐𝑠

𝐺𝑟𝑜𝑠𝑠 𝐸𝑥𝑝𝑜𝑟𝑡𝑠𝑐
 )  (3.2.2) 

An upstream sector participates in the global value chain by producing inputs for others. This implies 
that its indirect value-added exports (DVX) share in gross exports will be higher than its foreign value 
added (FVA) share; thus, the numerator in (3.2.2) will be larger than the denominator. On the other 
hand, a downstream sector in the global value chain will use a large portion of intermediates from other 

 
3 The Matlab codes used to calculate the measure of GVC participation are taken from Aslam et al. (2017). 

©International Monetary Fund. Not for Redistribution



 11 
 
countries to produce its final goods, meaning its FVA share will be higher than its DVX share. In this 
case, if a country-sector lies downstream, the denominator in (3.2.2) will be larger than the numerator.  

C.   Productivity Estimation Method 

Estimates of the production function are obtained by applying the method proposed by Ackerberg et 
al. (2015). Consider the following general production function with a scalar Hicks-neutral productivity 
term and with technology parameters that are common across firms within a sector: 

𝑄𝑖𝑡 = 𝐹(𝐿𝑖𝑡, 𝑀𝑖𝑡 , 𝐾𝑖𝑡; 𝛽)    (3.3.1) 

where 𝐿𝑖𝑡 and 𝑀𝑖𝑡 are labor and intermediate inputs which are assumed to be flexible; 𝐾𝑖𝑡 denotes 
capital input which is assumed to be fixed; 𝑄𝑖𝑡 refers to output quantity and 𝛽 is a set of common 
technology parameters to be estimated. All variables are indicated in quantity. The log version of 
equation (3.3.1) is  

𝑦𝑖𝑡 = ℎ(𝑙𝑖𝑡 , 𝑚𝑖𝑡 , 𝑘𝑖𝑡; 𝛽) + 𝜔𝑖𝑡 + 𝜀𝑖𝑡    (3.3.2) 

where all lower-case variables indicate the natural log transform, 𝜔𝑖𝑡 is the firm’s productivity that is 
observed by the firm but not by the econometrician, and 𝜀𝑖𝑡 captures unobservables that affect output 
and are unobservable to both the firm and the econometrician. 

We use the translog production function, since this function allows for returns to scale, thus 𝜔𝑖𝑡 is not 
affected by increasing or decreasing returns, as follows: 

𝑦𝑖𝑡 = 𝛽0 + 𝛽𝑙𝑙𝑖𝑡 + 𝛽𝑘𝑘𝑖𝑡 + 𝛽𝑚𝑚𝑖𝑡 + 𝛽𝑙𝑙𝑙𝑖𝑡
2 + 𝛽𝑘𝑘𝑘𝑖𝑡

2 + 𝛽𝑚𝑚𝑚𝑖𝑡
2 + 𝛽𝑙𝑘𝑙𝑖𝑡𝑘𝑖𝑡 + 𝛽𝑙𝑚𝑙𝑖𝑡𝑚𝑖𝑡 +

𝛽𝑘𝑚𝑘𝑖𝑡𝑚𝑖𝑡 + 𝛽𝑙𝑘𝑚𝑙𝑖𝑡𝑘𝑖𝑡𝑚𝑖𝑡 + 𝐶 +  𝜔𝑖𝑡 + 𝜀𝑖𝑡    (3.3.3) 

where C is a set of other control variables including firm fixed effects, industry fixed effects, and year 
fixed effects. We include firm fixed effects to control for differences in productivity that may arise 
from differences in the number of products that firms produce (Amiti and Konings, 2007) and 
differences in firms’ characteristics. Note that estimates of the production function can be biased due 
to the use of aggregate price indices for capital and material. When inputs are deflated based on 
aggregate price indices, there is no differences between firms using inputs of different quality and 
prices and those using different quantity of inputs.  

The inclusion of the export dummy in the production function helps to control for quality and to allow 
exporters to produce under a different technology. However, we do not have information on export 
status for years before 2009. Therefore, we could not control for export status in our specifications. 
Another source of bias might derive from the differences in input allocation across products in multi-
product firms (De Loecker et al., 2016). We therefore rely on single-product firms to estimate the 
production function in (3.3.3). The parameter vector 𝛽 includes the coefficients on labor, capital, 
material, their squares, and their interaction terms.  
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We assume inputs  𝑙𝑖𝑡 , 𝑚𝑖𝑡 , 𝑘𝑖𝑡 are chosen by firms after observing (or partially observing) their 
productivity level. As a result, one cannot estimate equation (3.3.2) using simple OLS regression 
because 𝑙𝑖𝑡 , 𝑚𝑖𝑡 , 𝑘𝑖𝑡 are correlated with the unobserved 𝜔𝑖𝑡. One could use input and output prices to 
instrument for inputs. However, this would require that firms operating in perfectly competitive input 
or output markets (This is more realistic for input markets than for output markets). Unfortunately, data 
on these input and output prices are usually not available. Input prices also often vary little across firms. 
Moreover, if the variation in wages is actually due to the variation in unobserved labor quality, wages 
are not a valid instrument for labor input. Therefore, we follow the method proposed by Ackerberg et 
al. (2015), relying on material to proxy for productivity to take into account this endogeneity problem. 
In other words, endogeneity problem in (3.3.2) is due to the unobserved 𝜔𝑖𝑡. By using the material 
equation to make 𝜔𝑖𝑡 “observable”, the endogeneity problem will be eliminated. 

Assuming that material is decided after labor and capital are chosen, we can write: 

𝑚𝑖𝑡 = 𝑓𝑡(𝑘𝑖𝑡 , 𝜔𝑖𝑡 , 𝑙𝑖𝑡)      (3.3.4) 

Assuming strict monotonicity, this conditional intermediate input demand function can be inverted to 
get the productivity: 

  𝜔𝑖𝑡 = 𝑓𝑡
−1(𝑘𝑖𝑡 , 𝑚𝑖𝑡 , 𝑙𝑖𝑡)      (3.3.5) 

Substituting into the production function to get 

𝑦𝑖𝑡 = 𝛽0 + 𝛽𝑙𝑙𝑖𝑡 + 𝛽𝑘𝑘𝑖𝑡 + 𝛽𝑚𝑚𝑖𝑡 + 𝛽𝑙𝑙𝑙𝑖𝑡
2 + 𝛽𝑘𝑘𝑘𝑖𝑡

2 + 𝛽𝑚𝑚𝑚𝑖𝑡
2 + 𝛽𝑙𝑘𝑙𝑖𝑡𝑘𝑖𝑡 + 𝛽𝑙𝑚𝑙𝑖𝑡𝑚𝑖𝑡 +

𝛽𝑘𝑚𝑘𝑖𝑡𝑚𝑖𝑡 + 𝛽𝑙𝑘𝑚𝑙𝑖𝑡𝑘𝑖𝑡𝑚𝑖𝑡 + 𝐶 +  𝑓𝑡
−1(𝑘𝑖𝑡, 𝑚𝑖𝑡 , 𝑙𝑖𝑡)  + 𝜀𝑖𝑡    (3.3.6) 

or 𝑦𝑖𝑡 = Φit(𝑘𝑖𝑡 , 𝑚𝑖𝑡 , 𝑙𝑖𝑡 , 𝑪) + 𝜀𝑖𝑡    (3.3.7) 

Since we do not know the form of the function 𝑓𝑡
−1, we treat 𝑓𝑡

−1 non-parametrically, i.e. we set it to 
the third-order polynomial where all logged inputs, logged inputs squared, logged inputs cubed and 
interaction terms between all logged inputs and logged inputs squared are included. We have therefore 
eliminated the unobservable variation causing the endogeneity problem. However, now, because of the 
collinearity problem, we cannot separately identify coefficients of the production function from the 
polynomial. But we can still identify the composite term Φ̂𝑖𝑡. Thus, we regress equation (3.3.7) to purge 
the error term (𝜀𝑖𝑡) from expected output and to get estimated values of 𝑦𝑖𝑡  (i.e. Φ̂𝑖𝑡). Given estimates 
of coefficients of the production function, implied 𝜔̂𝑖𝑡(𝛽) is computed from (3.3.5) and (3.3.6). 

In order to obtain estimates of all production function coefficients, we rely on the law of motion for 
productivity: 

𝜔𝑖𝑡 = 𝑔𝑡(𝜔𝑖𝑡−1) + 𝛾𝑖𝑡   where 𝐸[𝛾𝑖𝑡|𝐼𝑖𝑡−1] = 0 (i.e. 𝐸[𝛾𝑖𝑡|𝜔𝑖𝑡−1] = 0)  (3.3.8) 
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with 𝜔𝑖𝑡−1 denoting lagged productivity and 𝐼𝑖𝑡−1 indicating the information set at time t-1. 𝛾𝑖𝑡  is the 
productivity innovation, which is assumed to be realized after capital and labor are chosen and at the 
same time as material is decided. The function g is approximated by a fourth-order polynomial. Based 
on (3.3.8), we regress 𝜔̂𝑖𝑡(𝛽) on 𝜔̂𝑖𝑡−1(𝛽) to obtain the innovation to productivity which is recovered 
as the residual term (𝛾𝑖𝑡(𝛽)). 

As suggested by Ackerberg et al. (2015), we use the generalized method of moments to obtain the 
estimates of the production function, where we rely on the following moment conditions: 

𝐸(𝛾𝑖𝑡(𝛽)𝑩) = 0     (3.3.9) 

where the vector B contains lags of all the variables in the translog production function and vector  
𝑪 = (𝑙𝑖𝑡, 𝑘𝑖𝑡, 𝑙𝑖𝑡

2 , 𝑘𝑖𝑡
2 , 𝑙𝑖𝑡𝑘𝑖𝑡 , 𝑙𝑖𝑡𝑚𝑖𝑡−1, 𝑘𝑖𝑡𝑚𝑖𝑡−1, 𝑙𝑖𝑡𝑘𝑖𝑡−1, 𝑙𝑖𝑡−1𝑘𝑖𝑡 , 𝑙𝑖𝑡𝑘𝑖𝑡𝑚𝑖𝑡−1, 𝑙𝑖𝑡𝑘𝑖𝑡−1𝑚𝑖𝑡−1, 𝑙𝑖𝑡−1𝑘𝑖𝑡𝑚𝑖𝑡−1). 

This condition states that the productivity innovation in the current period is assumed to be uncorrelated 
with inputs (material, labor and capital) in the previous period and also uncorrelated with labor and 
capital in the current period. These variables are valid instruments since we assume that capital is 
chosen before labor and both are chosen before the full realization of shock to productivity, while 
material is chosen when the firm learns its productivity. In other words, we have 𝑚𝑖𝑡−1, 𝑙𝑖𝑡, 𝑘𝑖𝑡 ∈ 𝐼𝑖𝑡−1 , 
while  𝑚𝑖𝑡  𝑎𝑛𝑑 𝛾𝑖𝑡 ∈ 𝐼𝑖𝑡 , where 𝐼𝑖𝑡−1  and 𝐼𝑖𝑡  are information sets at time t-1 and t, respectively. 
Therefore 𝐸(𝛾𝑖𝑡𝑚𝑖𝑡−1) = 0, 𝐸(𝛾𝑖𝑡𝑙𝑖𝑡) = 0, 𝐸(𝛾𝑖𝑡𝑘𝑖𝑡) = 0. 

Once the coefficients are estimated, productivity is computed as: 

𝜔̂𝑖𝑡 = Φ̂𝑖𝑡 − ℎ̂(𝑙𝑖𝑡 , 𝑚𝑖𝑡 , 𝑘𝑖𝑡; 𝛽)    (3.3.10) 

where ℎ̂ represents the estimated contribution of the production factors to total output. 

Following De Loecker et al. (2016), we estimate the model on a sample of firms that manufacture a 
single product for at least three consecutive years for two reasons. First, the moment conditions require 
at least two years of data to have lagged values. And second, adding a third year of data allows for 
potential measurement error in the precise timing of a new product introduction (De Loecker et al., 
2016). 

IV.   STYLIZED FACTS 

A.   Global Value Chain Participation of Estonia 

Estonia’s participation in GVCs was the most intense among the three Baltic countries (Figure 1). The 
share of Estonia’s total value-added export and import in gross export (GVC participation measure) 
was always higher than 70% during the period from 1995 to 2015. The intensity of GVC participation 
in Estonia increased slightly from 2000 until 2008, following by a modest decline following the global 
economic crisis. It subsequently recovered to its highest level in 2011 (at around 80%) but started 

©International Monetary Fund. Not for Redistribution



 14 
 
falling again afterwards. However, in general, Figure 1 shows a general trend for deeper GVC 
participation in Estonia from 1996 to 2015. 

Figure 1. GVC Participation of Baltic countries 

 
Figure 2: Top 10 destination and source countries of Estonian value-added exports in 2015 

 

Figure 2 shows that Estonia is more involved in regional rather than global value chains. Top 
destinations and origin countries of Estonian value-added exports and imports are mostly European 
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countries except for the US and China. Sweden and Finland are the two most important direct 
destinations of Estonia’s value-added exports with each country accounting for more than 10% of 
Estonia’s value-added exports. The top 10 destination countries account for more than three-quarters 
of Estonia’s total value-added exports. On the other hand, around 15 percent of Estonia’s value-added 
imports originate in Russia. Germany, Finland and Sweden are other important source countries of 
Estonia’s value-added imports. While most of the Asian countries account for a small share of Estonian 
total value-added imports, China is one of the significant providers of value-added to Estonia.       

Figure 3: Estonia GVC participation over time 

 

Estonia’s participation in the GVCs is mainly driven by the use of foreign intermediates in Estonia’s 
exports (backward participation) (Figure 3). The intensity of GVC participation is considerably 
different between service and manufacturing sectors with services exhibiting more forward cross-
border linkages. Table 6 reports GVC participation and position indices of major manufacturing and 
service sectors in Estonia in 2015. Manufacturing sectors participate more intensively in GVCs than 
service sectors. Higher backward linkages are also observed in these manufacturing industries 
reflecting that the production in these sectors uses considerable foreign inputs, which is consistent with 
high shares of intermediate imports in Estonia. Similarly, these manufacturing sectors have lower 
values in upstream indexes (e.g. shorter distance to final consumer). In the service sectors, Estonia 
participates most intensively in transport and financial services value chains. While transport services 
show a higher backward participation, all other services industries tend to have higher forward linkages 
(e.g. use limited foreign inputs) and higher upstreamness values (e.g. longer distance to final 
consumer). Other sectors such as recycling, mining and quarrying, and construction tend to participate 
least intensively in the GVCs.  
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Table 2: GVC Participation and Position by Sector in Estonia in 2015 

  GVC Participation index 
Position 

index 

Sector Total Backward 
linkage 

Forward  
linkage Upstream 

Manufacturing     
Food & Beverages 3.80 3.36 0.44 -0.029 
Textiles and Wearing Apparel 8.49 7.42 1.07 -0.061 
Wood and Paper 5.87 3.89 1.98 -0.019 
Petroleum, Chemical Products 6.32 4.35 1.97 -0.023 
Metal Products 5.18 3.85 1.33 -0.025 
Electrical and Machinery 15.65 14.40 1.25 -0.122 
Transport Equipment 2.30 1.51 0.79 -0.007 
Other Manufacturing 2.28 1.94 0.34 -0.016 

 
Services     
Wholesale Trade 1.98 0.29 1.69 0.014 
Retail Trade 0.30 0.06 0.23 0.002 
Hotels and Restaurants 0.62 0.30 0.32 0.000 
Transport 6.90 4.09 2.81 -0.012 
Post and Telecommunications 1.20 0.23 0.98 0.007 
Financial Intermediation and Business 
Activities 5.44 0.68 4.76 0.040 
Public Administration 0.13 0.07 0.06 0.000 
Education, Health and Other Services 0.56 0.19 0.37 0.002 

 
Others     
Agriculture 2.45 0.91 1.55 0.006 
Fishing 0.08 0.06 0.03 0.000 
Mining and Quarrying 0.58 0.09 0.48 0.004 
Recycling 0.04 0.05 -0.01 -0.001 
Electricity, Gas and Water 0.91 0.08 0.83 0.008 
Construction 0.40 0.15 0.25 0.001 
Maintenance and Repair 0.52 0.08 0.44 0.004 
     

Average     

Manufacturing 6.24 5.09 1.15 -0.038 
Services 2.14 0.74 1.40 0.007 
Others 0.71 0.20 0.51 0.003 

Total 3.13 2.09 1.04 -0.010 
   Source: EORA Input-Output table and author’s calculation 
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Figure 4: GVC participation by industry in 2015 

 

The changes in GVC participation also differs across industries (Figure 5). Most sectors such as 
construction, transport, agriculture and trading sectors experience an increasing trend, whereas 
manufacturing sectors saw a sharp decline after 2008 as a result of the financial crisis.   
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Figure 5: GVC participation over time 

 

B.   Productivity of Estonian firms 

Average productivity in Estonia has fluctuated over the sample period but has broadly followed an 
overall increasing trend. The largest productivity gains are observed in the manufacturing industries 
(Figure 6). During the 2002-2016 period, average productivity in some manufacturing industries 
increased by close to 20 percent. In contrast, services experienced little increases or even declines in 
average productivity. Average productivity also increased in all firm-size categories, but variability is 
small (Figure 7). Figure 7 also shows no superior performance of large firms on average.  
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Figure 6. Productivity over time 

 

Figure 7: Productivity trends by firm size 

 

C.   GVC participation and Productivity 

Figure 8 provides a first visual evidence for a positive correlation between GVC participation and 
productivity, which is the motivation of our empirical study. In Figure 8, panel 1, GVC participation 
and productivity tends to fluctuate in the same direction. Moreover, it seems that it takes time for GVC 
participation to have impact on productivity. The bottom panel of Figure 8 plots (lagged) mean of log 
productivity (at year level) against GVC participation measures and its fitted line. The figure shows a 
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positive relationship between GVC participation and productivity. Although instructive, these simple 
correlations do not take into account other factors that affect both productivity and GVC participation 
as well as do not detect channels through which participation in GVC can impact firms’ productivity.    

Figure 8. GVC participation and Productivity 

 

 

V.   ECONOMETRIC RESULTS 

A.   Impact of Global Value Chains participation on productivity at industry level 

In this section we outline our approach to examining the relationship between GVC participation and 
productivity. An emerging literature shows that engaging in GVCs facilitate the transmission of 
knowledge and technology. The evidence reported in the previous section also suggests that GVC 
participation has been positively related to productivity for Estonian firms. In the subsequent empirical 
analysis, we investigate the impact of GVC participation on productivity both at the industry level and 
the firm level. Unlike other studies identifying GVC participation at firm level as a dummy indicator, 
we measure GVC participation as a continuous variable. Thus, we can study the effect of the intensity 
of GVC participation on productivity. However, we could only calculate the measure of GVC 
participation at the industry level, but this is probably an issue of any study on this topic as tracking 
the flow of inputs and outputs across firms is not feasible given data limitations.  
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First, we investigate the impact of GVC participation on productivity at the industry level:  

ln (𝜔)𝑠𝑡 = 𝛼1𝐺𝑉𝐶𝑝𝑠𝑡−1 + 𝛽2ln (𝑂𝑢𝑡𝑝𝑢𝑡)𝑠𝑡 + 𝛾𝑡 + 𝜀𝑠𝑡   (5.1) 

where 𝐺𝑉𝐶𝑝𝑠𝑡−1 denotes GVC participation measured according to (3.2.1) and ln (𝜔)𝑠𝑡 denotes 
median log productivity of all firms in sector s as a proxy for aggregate productivity at the sectoral 
level. We include year fixed effects and sectoral gross output to control for macro shocks at the country 
and sector levels that may also affect productivity.   

Causal interpretation of the relationship between the degree of GVC participation and productivity at 
the industry level can be problematic given endogeneity concerns and potential for reverse causality. 
It is unclear from correlations whether GVC participation improves firms’ performance and drives 
industry productivity growth or higher productivity growth makes it easier for firms and industries to 
participate in GVCs. Therefore, following Constantinescu et al. (2017), we lag the GVC participation 
variable by one year as the effects of GVC participation on productivity at both industry level and firm 
level are unlikely to be instantaneous (which is what we observe in Figure 8). This may alleviate to 
some extent concerns of reverse causality. However, since GVC participation is likely serially 
correlated, we also instrument for the measure of industry-level GVC participation using average GVC 
participation measures in all countries in the world for the same industry. Specifically, we instrument 
the measured GVC participation variable for Estonia 𝐺𝑉𝐶𝑝𝑐𝑠 with average GVC measure at world level 
𝐺𝑉𝐶𝑝_𝐼𝑉𝑠:  

𝐺𝑉𝐶𝑝_𝐼𝑉𝑠 =
1

𝐶
∑𝑐(𝐺𝑉𝐶𝑝𝑐𝑠)     (5.2) 

This approach requires that the driving forces of the increases in GVC participation intensity of a 
particular sector in Estonia and on the world are similar, which is likely to be the case. It also requires 
that these forces affect productivity developments in Estonia only through their impact on GVC 
participation. One potential threat to this assumption is that spillovers from GVC participation at the 
global level could affect other industries in Estonia. To account for these potential spillover channels, 
we include sectoral gross output and year fixed effects, which should largely control for more diffuse 
spillovers from the global GVC participation to other industries.4    

Table 3 below reports results of both OLS and IV regressions at the industry level. The dependent 
variable in all columns is the sectoral median of log productivity. The coefficient on lagged GVC 
participation in column (2) is positive and statistically significant. This result suggests that GVC 
participation positively affects productivity at the industry level. An increase of 1 percentage point in 
the intensity of GVC participation of an industry raises median productivity of that industry by around 
0.48 percent. This number is consistent with what is shown in Figure 8. This impact is also similar to 
the effect of less than 1 percent of a reduction in tariffs on productivity in Amiti and Konings (2007).  

 
4 It was not possible to include more endogenous variables and instruments for example by adding GVC participation of 
upstream and downstream industries due to high correlation between GVC participation across industries at the global level. 
Test for weak instruments in the presence of multiple endogenous regressors are very demanding in terms of statistical 
power and we do not have enough variation in our data to reject the null with more than one endogenous variable. See 
Angrist and Piscke (2008). 
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Table 3 shows that GVC participation has a positive effect on productivity when instrumented. If the 
reverse effect is also positive (i.e. higher productivity growth leads to higher GVC participation), OLS 
estimate should be overestimated. However, the OLS estimate in Table 3 is close to zero and not 
statistically significant. While this result is puzzling, one potential explanation is that the OLS estimate 
suffers from attenuation bias due to measurement error in the GVC participation variable. 
 
The last two rows of Table 3 report the Kleibergen-Paap (KP) LM test statistic for under identification 
test and the KP Wald F statistic for weak identification test of the instrumental variable. These test 
statistics confirm the validity of the instrument.    

Table 3: GVC participation and productivity at industry level 

 Direct effect 
 (1) (2) 
VARIABLES OLS IV 
   
Lagged GVC -0.012 0.478* 
 (0.120) (0.256) 
Log industry output 0.019*** 0.012* 
 (0.006) (0.007) 
   
Year FE Y Y 
Observations 301 301 
KP LM stat  64.90 
KP Wald F stat  109.8 

 
Note: All regressions are run for 26 sectors from 2002 to 2016. The dependent variable is the log of median productivity of 
all firms in each sector-year. In the IV regression, GVC participation is instrumented with average GVC participation 
measure at world level. Bottom rows of the table report statistics for under identification and weak identification tests of 
the instrumental variable. Robust standard errors are shown in parentheses. *, **, and *** indicate coefficients significantly 
different from zero at the 10, 5, and 1% level, respectively.  

B.   Impact of Global Value Chains participation on productivity at firm level 

Direct effect 

Then we study the direct impacts and spillover effects at firm level. By using firm-level data, we can 
control for firm-level characteristics that may also determine productivity to improve identification of 
the effect of GVC participation. Specifically, we estimate the following model   

𝑙𝑛 (𝜔)𝑖𝑠𝑡 = 𝛼1𝐺𝑉𝐶𝑝𝑠𝑡−1 + 𝛽1𝐹𝑖𝑟𝑚 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑠𝑡−1 + 𝛽2𝑆𝑒𝑐𝑡𝑜𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑠𝑡 + 𝛾𝑠 + 𝛾𝑟 + 𝛾𝑡  + 𝜀𝑖𝑠𝑡 

(5.3) 

where 𝑙𝑛 (𝜔)𝑖𝑠𝑡 refers to log Total Factor Productivity (TFP) of firm i in sector s at time t. Firm-level 
controls include capital intensity (ln (

𝐾

𝐿
)

𝑖𝑠𝑡−1
), sector controls include sector gross output 

( ln(𝑂𝑢𝑡𝑝𝑢𝑡)𝑠𝑡) and Herfindahl-Hirschman index at four-digit NACE industry level (HHIℎ𝑡). 𝛾𝑠 is 
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sector fixed effects, and 𝛾𝑟  is region fixed effects, and 𝛾𝑡 is year fixed effects. Robust standard errors 
are clustered at the industry-year level, where industry reflects the 25 EORA industries.  

The inclusion of sector fixed effects and year fixed effects means we are comparing across firm changes 
in productivity within an industry due to industry-level changes in GVC participation. We do not 
include firm fixed effects because our variable of interest, GVC participation, is measured at the 
industry level, thus we focus on the changes across firms within an industry, but not the changes within 
firms. The sector fixed effects control for any time-invariant sector (and thus also and/or country) 
characteristics, region fixed effects control for any time-invariant region characteristics (such as 
distance to the market), and year fixed effects control for any time-variant factors common across firms 
(such as macro shocks at the country, region, and sector levels as well as controlling for confounding 
factors associated with our instrument as discussed above). Controlling for firms’ capital intensity and 
sector gross output takes into account time-varying characteristics at the firm and sector levels that may 
affect productivity. 

One concern might be that GVC participation may affect firm productivity through competition but not 
through knowledge diffusion. We address this concern by controlling for the Herfindahl-Hirschman 
index (HHI) at the four-digit NACE industry level. The HHI measures industry concentration and is 
calculated as the sum of the squares of firm shares in total industry production: 𝐻𝐻𝐼ℎ = ∑ (𝑠ℎ𝑎𝑟𝑒𝑖

ℎ)2
𝑖 . 

The index ranges between 1/N (equal shares) and 1 (maximum concentration), where N is the number 
of firms in industry h. High concentration industry (at four-digit NACE level) is an indicator equal 1 if 
the HHI of the industry is in the last quarter of HHI distribution, and 0 otherwise.  

Another potential concern is that firms may self-select into GVC participation, i.e. some initial 
attributes of firms in GVCs may affect both participation decisions and outcomes. The use of firm-
level data and sector-level GVC participation measures reduces the scale of this endogeneity concern, 
as it is unlikely that many firms are able to influence the intensity of GVC participation of their entire 
industry. GVC participation is thus likely to be exogeneous from a firm perspective, especially for 
small and medium sized firms. However, a group of highly productive firms might account for the bulk 
of input flows across borders. To mitigate this concern, we use lagged GVC participation as a predictor 
and use weighted average of GVC participation measures in all countries of the same industry as an 
instrumental variable as what we did above.     

Column (1) of Table 4 reports the result on the effect of GVC participation on firm productivity. We 
still find positive effect of GVC participation on productivity at the firm level. If an industry moves 
from the 10th percentile to the 90th percentile of the GVC participation, productivity of a firm in that 
industry would increase by approximately 23 percent. For example, if a firm is at the 10th percentile of 
the productivity distribution, that firm will move to the 50th percentile if the industry moves from the 
10th percentile to the 90th percentile of the GVC participation. The coefficient on lagged GVC measure 
is still significantly positive, but a much higher than the estimate at industry level. The difference in 
magnitude of the effect between the industry level and the firm level could come from the use of median 
productivity as an aggregate productivity at the industry level.  
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Table 4: GVC participation and productivity at firm level 

VARIABLES (1) (2) (3) (4) (5) 
      
      
Lagged GVC 3.405** 3.309* 3.403** 3.337* -4.550 
 (1.717) (1.710) (1.715) (1.707) (5.667) 
GVC*Initial Frontier  1.351***    
  (0.120)    
GVC*Large firm (size)   0.029   
   (0.018)   
GVC*Large firm (sales)    0.233***  
    (0.043)  
GVC*Initial export status     0.257*** 
     (0.040) 
      
Observations 165,055 165,055 165,055 165,055 107,771 
INDUSTRY FE Y Y Y Y Y 
REGION FE Y Y Y Y Y 
YEAR FE Y Y Y Y Y 
FIRM CONTROLS Y Y Y Y Y 
INDUSTRY CONTROLS Y Y Y Y Y 
KP LM stat 8.154 8.153 8.201 8.165 11.92 
KP Wald F stat 25.88 12.94 13.06 12.97 11.17 
First stage F-stat 1 25.88 15.02 24.87 22.87 12.03 
First stage F-stat 2  403.5 368.5 412.3 219.9 
 
Note: All regressions are run for firm-level data from 2002 to 2016. The dependent variable is the log of firms’ productivity. 
GVC participation is instrumented with average GVC participation measure at world level, the interaction terms are 
instrumented with the interaction between the average GVC participation at world level and the other variable in the 
interaction terms. Bottom rows of the table report statistics from the first stage regressions and statistics for under 
identification and weak identification tests of the instrumental variables. Standard errors clustered at industry-year level are 
shown in parentheses. *, **, and *** indicate coefficients significantly different from zero at the 10, 5, and 1% level, 
respectively.  
 

Heterogeneity in the direct effect 

Column (1) of Table 4 examines productivity effect for the “average” firm, however, this effect is not 
necessarily homogenous across firms. According to a Neo-Schumpeterian model, a country’s 
productivity growth depends on its distance to the frontier. Intuitively, expanding this model to the firm 
level could imply that more productive firms could benefit relatively more from GVC participation. 
These frontier firms are more likely to be able to overcome the sunk costs to benefit from exposure to 
new technologies.  
 
Therefore, in columns (2), (3), and (4) of Table 4 we examine whether there are heterogenous impacts 
by firm productivity and firm size. We define frontier firms as those in the top quartile of most 
productive firms in our sample (column (2)) and large firms as those in the top quartile of largest firms 
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in size (column (3)) or largest firms in sales (column (4)). We measure these firm characteristics at the 
start of the period (i.e. 2002), since these characteristics may be influenced by changes in the GVC 
participation over time. We use an indicator for frontier firms/ large firms and interact this indicator 
with the GVC participation measure. The non-interacted term therefore captures the effect for non-
frontier firms/ small firms, while the interaction captures additional impact for frontier firms/ large 
firms. 
 
Columns (2), (3), and (4) shows that there is substantial heterogeneity in the impact across firm types 
with stronger evidence using productivity or sales rather than employment. Firms closest to the frontier 
are those with fastest productivity increase caused by GVC participation. On the other hand, firms 
furthest from the frontier are less likely to benefit from GVC participation. Largest firms by sales also 
experience higher effect on productivity than smaller firms. 
 
Exporting activities are expected to provide firms’ exposure to new ideas and incentives to upgrade. 
Thus, exporting firms in industries that participate more intensively in the GVCs should reap more 
benefits from GVCs than non-exporting firms. In column (5), we interact GVC participation variable 
with firm’s initial export status to test this hypothesis. We run this regression for a subsample from 
2009 to 2016 since we do not have information on firms’ export status before 2009. The coefficient on 
GVC participation now becomes negative and insignificant, which suggests that the productivity 
benefits of GVCs are concentrated among exporters in a given industry. The coefficient on the 
interaction term is significantly positive, which confirms that exporting firms reap more benefits from 
GVCs than non-exporting firms. 

Spillover effects 

Endogeneity concerns of spillover specification at the firm level will be alleviated since spillover GVC 
participation variables are calculated at the industry level, while productivity is estimated at the firm 
level. We thus consider the spillover effects at the firm level:  

𝑙𝑛 (𝜔)𝑖𝑠𝑡 = 𝛼1𝐺𝑉𝐶𝑝𝑠𝑡−1 + 𝛼2𝐺𝑉𝐶𝑝_𝑏𝑢𝑦𝑒𝑟𝑠𝑠𝑡−1 + 𝛼3𝐺𝑉𝐶𝑝_𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠𝑠𝑡−1 +

𝛽1𝐹𝑖𝑟𝑚 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑠𝑡−1 + 𝛽2𝑆𝑒𝑐𝑡𝑜𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑠𝑠𝑡 + 𝛾𝑠 + 𝛾𝑟 + 𝛾𝑡  + 𝜀𝑖𝑠𝑡                                           (5.4) 

where 𝐺𝑉𝐶𝑝_𝑏𝑢𝑦𝑒𝑟𝑠𝑠𝑡−1 refers to the weighted average GVC participation intensity of all buyer 
(downstream) industries of sector s and 𝐺𝑉𝐶𝑝_𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠𝑠𝑡−1 is the weighted average GVC 
participation intensity of all supplier industries (upstream) of sector s.  

𝐺𝑉𝐶𝑝_𝑏𝑢𝑦𝑒𝑟𝑠𝑠𝑡 captures the average effect of GVC participation of all buyers of sector s on the 
productivity of sector s, while the effect of GVC participation of all suppliers is captured by 
𝐺𝑉𝐶𝑝_𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠𝑠𝑡. They are calculated as: 

𝐺𝑉𝐶𝑝_𝑏𝑢𝑦𝑒𝑟𝑠𝑠𝑡 =  ∑ 𝑠ℎ𝑎𝑟𝑒𝑏𝑠0𝑏 ∗ 𝐺𝑉𝐶𝑝𝑏𝑡     (5.5) 

𝐺𝑉𝐶𝑝_𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟𝑠𝑠𝑡 =  ∑ 𝑠ℎ𝑎𝑟𝑒𝑝𝑠0𝑝 ∗ 𝐺𝑉𝐶𝑝𝑝𝑡     (5.6) 
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𝑠ℎ𝑎𝑟𝑒𝑏𝑠0 denotes the share of inputs from sector s that is used in sector b in total inputs from sector s 
that is used by all sectors in 2001. 𝑠ℎ𝑎𝑟𝑒𝑝𝑠0 refers to the share of inputs from sector p that is used in 
sector s in total inputs used by sector s in 2001. 𝐺𝑉𝐶𝑝𝑏𝑡  and 𝐺𝑉𝐶𝑝𝑝𝑡  measures GVC participation of 
sector b and p at time t, respectively. Input shares (𝑠ℎ𝑎𝑟𝑒𝑏𝑠 and 𝑠ℎ𝑎𝑟𝑒𝑝𝑠) might be endogenous as 
variation in the shares might reflect industries’ response to changes in GVC participation of industries. 
Therefore, we use constant shares in the initial year in our sample, 2001, to mitigate any endogeneity 
concerns.  

We also interact our main variables of interest (GVC, GVC_buyers, GVC_suppliers) with indicators 
for frontier firms, large firms (by size and sales), and export status to consider the heterogeneity of the 
effect. We do not use IV for the spillover specifications5. 

Results of spillover effects are reported in Table 5. All coefficients on GVC participation are 
economically and statistically significant except for the coefficient in column (5) where we restrict the 
sample to the period after 2008. Both coefficients on GVC from buyers and GVC from suppliers are 
negative and have high standard errors. However, GVC from buyers is significant at 10% level, while 
GVC from suppliers is insignificant. Coefficients on the interaction between GVC participation and 
indicators are positive, which is consistent with results in Table 4. 
 
Table 5 shows a negative relationship between GVC participation of forward linkages and productivity.   
Moreover, all interaction terms between GVC participation of buyer industries and frontier and export 
status indicators are significantly negative. Highly productive firms, large firms, and export firms have 
benefited less from more intensive GVC participation of downstream industries than less productive 
firms and small firms. One possible reason for this is because frontier firms/large firms/export firms 
have market power toward their buyers, thus they are not placed under pressure to match international 
standards, while this is not the case for small firms/non-export firms. Therefore, small firms/non-export 
firms have higher incentives to innovate and adopt foreign technologies to match international standard. 
 
On the other hand, all interaction terms between GVC participation of upstream industries and 
frontier/export status indicators are significantly positive. Highly productive firms and large firms are 
more benefited from greater GVC participation of upstream industries. In the previous stylized fact 
section, we showed that the use of foreign intermediates in Estonia’s exports is the main driver of 
Estonia’s participation in the GVCs. If supplier sectors participate more intensively in GVCs (i.e. use 
more foreign intermediates), productivity of firms in these sectors is likely to be improved through 
technology transfer, knowledge spillover, higher-quality inputs, or economies of scale. These firms, 
thus, can provide higher-quality inputs to their buyers, and boost productivity of these sectors. This 
result is consistent with a large literature on the productivity effects of imported inputs where they find 

 
5 As discussed in footnote 4, we could in theory instrument 𝐺𝑉𝐶𝑝𝑏𝑡  and 𝐺𝑉𝐶𝑝𝑝𝑡  in equations (5.4) and (5.5) with weighted 
average of GVC participation measures in all countries in the world of the same buyer/ supplier industry. However, because 
of high correlation between GVC, and components of GVC of Suppliers and GVC of Buyers as well as components of the 
IVs, the IVs for GVC, GVC of Suppliers and GVC of Buyers will be even more correlated. Therefore, we do not use IV 
for the spillover specifications. The results cannot be interpreted as causal effects in this case.   
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that cheaper imported inputs can raise productivity via learning, variety, and quality effects (Amiti and 
Konings, 2007). 

Table 5: Spillover effects at firm level 

 (1) (2) (3) (4) (5) 
VARIABLES      
      
Lagged GVC 3.605** 4.484*** 3.644** 3.602** -4.563 
 (1.566) (1.576) (1.568) (1.572) (4.218) 
From BUYERS (Lag) -5.619* -7.062** -5.733* -5.757* 4.034 
 (3.061) (3.054) (3.060) (3.061) (7.091) 
From SUPPLIERS (Lag) -0.585 -0.143 -0.529 -0.653 -10.948** 
 (1.777) (1.771) (1.776) (1.778) (4.768) 
GVC*Initial Fontier  0.613***    
  (0.116)    
GVC Buyer*Initial Fontier  -0.437**    
  (0.213)    
GVC Supplier*Initial Fontier  1.321***    
  (0.115)    
GVC*Large firm (size)   0.087**   
   (0.035)   
GVC Buyer*Large firm (size)   -0.179***   
   (0.056)   
GVC Supplier*Large firm (size)   0.071***   
   (0.016)   
GVC*Large firm (sale)    0.490***  
    (0.099)  
GVC Buyer*Large firm (sale)    -0.683***  
    (0.136)  
GVC Supplier*Large firm (sale)    0.219***  
    (0.023)  
GVC*Initial export status     0.305*** 
     (0.076) 
GVC Buyer*Initial export status     -0.276** 
     (0.115) 
GVC Supplier*Initial export status     0.161*** 
     (0.037) 
      
Observations 165,055 165,055 165,055 165,055 107,771 
INDUSTRY FE Y Y Y Y Y 
REGION FE Y Y Y Y Y 
YEAR FE Y Y Y Y Y 
FIRM CONTROLS Y Y Y Y Y 
INDUSTRY CONTROLS Y Y Y Y Y 

Note: All regressions are run for firm-level data from 2002 to 2016. The dependent variable is the log of firms’ productivity. 
Standard errors clustered at industry-year level are shown in parentheses. *, **, and *** indicate coefficients significantly 
different from zero at the 10, 5, and 1% level, respectively.  
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C.   Robustness checks 

In this section, we perform a series of robustness checks to our main empirical results. These include 
alternative measures of outcomes and the interaction variables. For instance, using mean log 
productivity as an alternative measure of aggregate productivity at industry level, using continuous 
variables of initial log productivity, initial firm size, initial firm sale, and initial export share as 
alternative measures of indicators for frontier firms, large firms, and export status, and using labor 
productivity as an alternative measure of TFP. In addition, we restrict the sample to exclude 
multinationals.    
 

Table 6: GVC participation and productivity at industry level – mean productivity  

 
 Direct effect 
 (1) (2) 
VARIABLES OLS IV 
   
Lagged GVC 0.003 0.506** 
 (0.119) (0.258) 
Log industry output 0.019*** 0.012 
 (0.006) (0.007) 
Year FE Y Y 
   
Observations 301 301 
KP LM stat  64.90 
KP Wald F stat  109.8 

Note: All regressions are run for 26 sectors from 2002 to 2016. The dependent variable is the log of mean productivity of 
all firms in each sector-year. In the IV regression, GVC participation is instrumented with average GVC participation 
measure at world level. Robust standard errors are shown in parentheses. *, **, and *** indicate coefficients significantly 
different from zero at the 10, 5, and 1% level, respectively. 
 
One concern might be that median productivity is not a good proxy for aggregate productivity at the 
industry level. We use mean log productivity as an alternative measure of aggregate productivity at the 
industry level (Table 6) and use labor productivity defined as the ratio of value-added to total number 
of employees in each firm as an alternative measure of productivity at the firm level (Table 7). We find 
our results are unchanged to the new measure aggregate of productivity in Table 6. However, the results 
in Table 7 where we use log of labor productivity as the dependent variable are much higher than our 
main results despite the same signs, and standard errors of the lagged GVC variable are much higher. 
But the size of the effect doesn’t change. For example, if a firm is at the 10th percentile of the labor 
productivity distribution, that firm will move to the 50th percentile if the industry moves from the 10th 
percentile to the 90th percentile of the GVC participation. Higher magnitudes of the coefficients in 
Table 7 come from the difference in the magnitudes and the distribution of the two measures of 
productivity – TFP and labor productivity.  
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Table 7: GVC participation and productivity at firm level – labor productivity 

VARIABLES (1) (2) (3) (4) (5) 
      
      
Lagged GVC 14.042 14.068 13.834 11.833 20.938 
 (9.773) (9.478) (8.745) (8.544) (31.180) 
GVC*Initial Frontier  6.215***    
  (0.686)    
GVC*Large firm (size)   5.309***   
   (0.355)   
GVC*Large firm (sales)    10.823***  
    (0.553)  
GVC*Initial export status     7.767*** 
     (0.691) 
      
Observations 151,221 151,221 151,221 151,221 97,699 
INDUSTRY FE Y Y Y Y Y 
REGION FE Y Y Y Y Y 
YEAR FE Y Y Y Y Y 
FIRM CONTROLS Y Y Y Y Y 
INDUSTRY CONTROLS Y Y Y Y Y 
First stage F-stat 1 26.21 15.14 25.37 22.43 11.93 
First stage F-stat 2  406 367.6 409.6 217.5 
KP LM stat 8.099 8.100 8.145 8.111 12.21 
KP Wald F stat 26.21 13.10 13.22 13.13 11.14 

 
Note: All regressions are run for firm-level data from 2002 to 2016. The dependent variable is the log of firms’ labor 
productivity. GVC participation is instrumented with average GVC participation measure at world level, the interaction 
terms are instrumented with the interaction between the average GVC participation at world level and the other variable in 
the interaction terms. Bottom rows of the table reports statistics from the first stage regressions and statistics for under 
identification and weak identification tests of the instrumental variables. Standard errors clustered at industry-year level are 
shown in parentheses. *, **, and *** indicate coefficients significantly different from zero at the 10, 5, and 1% level, 
respectively.  
 
In analyses thus far we have employed indicators to study the heterogeneity in the effects, which might 
capture too much variation in the sample. We examine the robustness of our results using the 
continuous variables of these indicators (Tables 8, 9). Our results are largely robust to these new 
measures except for the results in the interaction between GVC participation and firm size in column 
(2) of Table 8. The coefficients and standard errors of column (1) in both Tables 8 and 9 are much 
higher than our main results. One possible reason for this is the correlation between the initial log 
productivity and the dependent variable (log productivity). 
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Table 8: GVC participation and productivity at firm level 

 (1) (2) (3) (4) 
VARIABLES     
     
Lagged GVC -48.690*** 3.406** 2.782 -4.442 
 (7.724) (1.718) (1.702) (5.664) 
GVC*Initial Productivity 40.210***    
 (5.803)    
GVC*Initial firm size  -0.007   
  (0.010)   
GVC*Initial firm sales   0.080***  
   (0.015)  
GVC*Initial export share    0.359*** 
    (0.044) 
     
Observations 165,029 165,055 165,055 107,771 
INDUSTRY FE Y Y Y Y 
REGION FE Y Y Y Y 
YEAR FE Y Y Y Y 
FIRM CONTROLS Y Y Y Y 
INDUSTRY CONTROLS Y Y Y Y 
Marginal effect 1.972 3.397 3.364 -4.397 
S.E. 2.332 1.721 1.697 5.665 
First stage F-stat 1 13.17 22.07 21.96 12.62 
First stage F-stat 2 497 309.2 380.6 208.5 
KP LM stat 8.155 8.225 8.177 11.92 
KP Wald F stat 12.94 13.06 13.02 11.17 
Note: All regressions are run for firm-level data from 2002 to 2016. The dependent variable is the log of firms’ productivity. 
GVC participation is instrumented with average GVC participation measure at world level, the interaction terms are 
instrumented with the interaction between the average GVC participation at world level and the other variable in the 
interaction terms. Bottom rows of the table reports statistics from the first stage regressions and statistics for under 
identification and weak identification tests of the instrumental variables. Standard errors clustered at industry-year level are 
shown in parentheses. *, **, and *** indicate coefficients significantly different from zero at the 10, 5, and 1% level, 
respectively.  
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Table 9: Spillover effects at firm level 

VARIABLES (2) (3) (4) (5) 
     
     
Lagged GVC 11.105*** 3.655** 2.782* -4.605 
 (4.182) (1.565) (1.536) (4.230) 
From BUYERS (Lag) -37.473*** -5.764* -4.791 4.189 
 (8.700) (3.055) (3.005) (7.116) 
From SUPPLIERS (Lag) -16.564*** -0.466 -1.277 -10.915** 
 (2.115) (1.774) (1.770) (4.778) 
GVC*Initial TFP -3.309    
 (2.527)    
GVC Buyer*Initial TFP 20.922***    
 (5.676)    
GVC Supplier*Initial TFP 20.964***    
 (1.195)    
GVC*Initial size  0.022   
  (0.016)   
GVC Buyer* Initial size  -0.072***   
  (0.024)   
GVC Supplier* Initial size  0.027**   
  (0.011)   
GVC*Initial sales   0.135***  
   (0.030)  
GVC Buyer* Initial sales   -0.187***  
   (0.041)  
GVC Supplier* Initial sales   0.087***  
   (0.011)  
GVC*Initial export share    0.422*** 
    (0.097) 
GVC Buyer*Initial export share    -0.309** 
    (0.143) 
GVC Supplier*Initial export share    0.135** 
    (0.060) 
     
Observations 165,029 165,055 165,055 107,771 
INDUSTRY FE Y Y Y Y 
REGION FE Y Y Y Y 
YEAR FE Y Y Y Y 
FIRM CONTROLS Y Y Y Y 
INDUSTRY CONTROLS Y Y Y Y 

Note: All regressions are run for firm-level data from 2002 to 2016. The dependent variable is the log of firms’ productivity. 
Standard errors clustered at industry-year level are shown in parentheses. *, **, and *** indicate coefficients significantly 
different from zero at the 10, 5, and 1% level, respectively.  
 
Another concern might be that our results are driven by the presence of multinational firms since 
multinational firms usually are those with higher productivity and larger size and operating in several 
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countries. Thus there may be reverse causality for multinationals, the performance of multinationals 
may determine GVC participation, rather than the other way around. We address this concern by 
restricting the sample of firms to exclude multinationals. We use information on immediate 
shareholder, global ultimate owner, and domestic ultimate owner. This leaves us with only more than 
7000 observations in our sample. The signs of all coefficients are the same as before. However, some 
coefficients lost their significance. This is probably due to a large decrease in the number of 
observations. Our conclusions on the heterogeneity of the effect are unchanged.   
 

Table 10: GVC participation and productivity at firm level – exclude multinationals 

VARIABLES (1) (2) (3) (4) (5) 
      
      
Lagged GVC 5.538* 5.345 5.558* 5.621* -6.899 
 (3.177) (3.427) (3.152) (3.122) (10.404) 
GVC*Initial Frontier  2.147***    
  (0.339)    
GVC*Large firm (size)   0.127   
   (0.086)   
GVC*Large firm (sales)    0.386***  
    (0.077)  
GVC*Initial export status     0.338*** 
     (0.065) 
      
Observations 7,100 7,100 7,100 7,100 4,517 
INDUSTRY FE Y Y Y Y Y 
REGION FE Y Y Y Y Y 
YEAR FE Y Y Y Y Y 
FIRM CONTROLS Y Y Y Y Y 
INDUSTRY CONTROLS Y Y Y Y Y 
First stage F-stat 1 23.38 14.61 20.24 20.58 10.77 
First stage F-stat 2  355.8 416.5 403.8 226 
KP LM stat 8.105 8.111 8.247 8.203 11.66 
KP Wald F stat 23.38 11.70 11.98 11.87 9.950 

Note: All regressions are run for firm-level data from 2002 to 2016. The dependent variable is the log of firms’ productivity. 
GVC participation is instrumented with average GVC participation measure at world level, the interaction terms are 
instrumented with the interaction between the average GVC participation at world level and the other variable in the 
interaction terms. Bottom rows of the table reports statistics from the first stage regressions and statistics for under 
identification and weak identification tests of the instrumental variables. Standard errors clustered at industry-year level are 
shown in parentheses. *, **, and *** indicate coefficients significantly different from zero at the 10, 5, and 1% level, 
respectively.  
 

VI.   CONCLUSION AND POLICY IMPLICATIONS 

 With the current outbreak of COVID-19, various economies have faced shortages of components vital 
to everything from health systems to everyday household goods. These shortages prompt countries to 
bring manufacturing home, for governments to begin looking after their own citizens rather than 
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signing up for a global agenda. However, since modern supply networks require high degrees of 
specialization, as well as modern manufacturing operations focus on maximizing utilization of plant 
and equipment, it is not easy for countries to bring industries back home. Estonia, with its deep 
involvement in regional rather than global value chains, is expected to more closely integrate into 
European trade and production or, especially trade and production within Baltic countries thanks to the 
Rail Baltica project. 

In this paper, we showed GVC participation has a positive and significant impact on the productivity 
of Estonian firms. The impact is heterogeneous depending on firms’ characteristics related to 
productivity, size, and export status. Initially frontier firms, large firms by sales, and exporting firms 
can reap more benefits from GVC participation than non-frontier firms, small firms, and non-exporting 
firms. We also find a positive correlation between the intensity of GVC participation of supplier 
industries and productivity of their client industries. Frontier firms and large firms benefit more from 
GVC participation of upstream industries, while non-frontier firms and small firms benefit more from 
GVC participation of downstream industries. Given that growth in the Estonian economy has shown 
signs of weakness recent years (Eesti Pank 2018), our findings have implications on policies to boost 
productivity growth in Estonia. 
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VIII.   APPENDIX 

A.   Variables used in the productivity estimation 

Table A1 contains information on the specific data used in the productivity estimation. Gross output, 
employment and intermediate inputs are taken directly from ORBIS variables.    

Table A1: Variable definitions 

Variable ORBIS variable(s) involved (short name) 

Gross output, Y SALES (OPERATING_REVENUE_TURNOVER if SALES is missing 
or negative) 

Value added, VA VA=COSTS_OF_EMPLOYEES (wL)+ EBITDA (rK) 
(ADDED_VALUE if VA is missing) 

Employment, L NUMBER_OF_EMPLOYEES 

Capital, K TANGIBLE_FIXED_ASSETS, 
DEPRECIATION_AND_AMORTIZATION 

Intermediate inputs, M MATERIAL_COSTS (SALES-VA if MATERIAL_COSTS is missing) 

 

Value added is imputed using other variables in ORBIS. We follow Gal (2013) to calculate value added 
(𝑉𝐴) as the sum of factor incomes going to employees (total wage bill, 𝑤𝐿) and capital owners (profits, 
𝑟𝐾):  

𝑉𝐴 = 𝑤𝐿 + 𝑟𝐾. 

The counterparts to these variables in ORBIS are the COSTS_OF_EMPLOYEES and EBITDA 
(Earnings Before Interest Taxes Depreciation and Amortisation). If at least one of these two variables 
is missing, we replace by the ADDED_VALUE variable in ORBIS.     

Following Gal (2013), capital stock is computed using the standard Perpetual Inventory Method (PIM). 
The level of real capital stock 𝐾𝑖𝑡 in firm 𝑖 in year 𝑡 is calculated as: 

𝐾𝑖𝑡 = 𝐾𝑖,𝑡−1(1 − 𝛿𝑖𝑡) + 𝐼𝑖𝑡 , 

where 𝐼𝑖𝑡 refers to real investments and are calculated as: 

𝐼𝑖𝑡 = (𝐾𝑖𝑡
𝐵𝑉 − 𝐾𝑖,𝑡−1

𝐵𝑉 + 𝐷𝐸𝑃𝑅𝑖𝑡
𝐵𝑉)/𝑃𝑡, 

with 𝐾𝐵𝑉 and 𝐷𝐸𝑃𝑅𝐵𝑉  denoting the book value of fixed tangible assets 
(TANGIBLE_FIXED_ASSETS in ORBIS) and depreciation 
(DEPRECIATION_AND_AMORTIZATION in ORBIS), respectively. 𝑃 is the industrial producer 
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price index (PPI) from Eurostat used as the investment price deflator. 𝛿 is the depreciation rate and is 
defined as 𝛿𝑖𝑡 = 𝐷𝐸𝑃𝑅𝑖𝑡

𝐵𝑉/𝐾𝑖𝑡
𝐵𝑉. We trim the top 1% and the bottom 99% of the distribution of 𝛿 to 

mitigate measurement error concerns. 

For the first observed year of the firm or for years where both real investment and depreciation rate are 
missing, we calculate the real capital stock as the book value of fixed tangible assets delated by the 
PPI: 

𝐾𝑖0 =
𝐾𝑖0

𝐵𝑉

𝑃0
. 

 

B.   Comparison between Orbis and Statistics Estonia 

Table B1: Comparison between Orbis and Statistics Estonia, Output  

(millions euro, nominal values) 

  Orbis 

Year Statistics 
Estonia 

After cleaning Before cleaning 

Output % over 
Statistics 
Estonia 

Number 
of firms 

Output % over 
Statistics 
Estonia 

Number 
of firms 

1999 10870.5    5,670 52.2 10,693 
2000 12787.7    7,600 59.4 13,405 
2001 14626    8,920 61.0 15,394 
2002 16211.1 6,950 42.9 8,113 12,400 76.5 18,246 
2003 17804.5 9,700 54.5 8,897 16,800 94.4 20,914 
2004 19973.7 13,000 65.1 9,809 22,300 111.6 23,788 
2005 23055.8 13,400 58.1 10,565 23,500 101.9 26,819 
2006 27187.9 18,600 68.4 11,576 33,100 121.7 30,913 
2007 32089.7 24,700 77.0 13,033 44,500 138.7 35,862 
2008 33123.2 24,700 74.6 14,207 44,500 134.3 40,529 
2009 26499.5 18,300 69.1 13,122 36,200 136.6 44,629 
2010 29361.8 17,800 60.6 15,973 38,600 131.5 50,411 
2011 34377.3 20,800 60.5 17,379 47,700 138.8 56,835 
2012 36954.2 23,500 63.6 19,290 53,400 144.5 65,450 
2013 39024.5 27,000 69.2 20,937 59,200 151.7 74,399 
2014 40218.4 25,000 62.2 22,684 55,700 138.5 84,020 
2015 40860.1 20,900 51.2 23,077 48,900 119.7 86,298 
2016 42086.8 21,200 50.4 19,547 47,400 112.6 81,483 
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Table B2: Comparison between Orbis and Statistics Estonia, Employees (thousands) 

  Orbis 

Year Statistics 
Estonia 

After cleaning Before cleaning 

  

% over 
Statistics 
Estonia   

% over 
Statistics 
Estonia 

1999 530.4   150.8 28.4 
2000 534.5   177.5 33.2 
2001 541.1   189.2 35.0 
2002 542.3 131.0 24.2 207.5 38.3 
2003 548.1 142.2 25.9 221.3 40.4 
2004 540.9 155.6 28.8 245.7 45.4 
2005 564.1 167.1 29.6 258.3 45.8 
2006 589.4 176.1 29.9 269.0 45.6 
2007 583.5 178.6 30.6 272.9 46.8 
2008 591 179.9 30.4 279.2 47.2 
2009 527.9 153.1 29.0 237.0 44.9 
2010 501 148.9 29.7 226.0 45.1 
2011 532.7 156.2 29.3 244.3 45.9 
2012 539.7 161.7 30.0 258.1 47.8 
2013 544.6 173.4 31.8 279.2 51.3 
2014 549.4 180.8 32.9 305.9 55.7 
2015 564.6 175.4 31.1 301.6 53.4 
2016 565.2 171.2 30.3 302.6 53.5 
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Table B3: Comparison between Orbis and Statistics Estonia, Value added  

(millions euro, nominal values) 

  Orbis 

Year Statistics 
Estonia 

After cleaning Before cleaning 

  

% over 
Statistics 
Estonia   

% over 
Statistics 
Estonia 

1999 4836.2   934 19.3 
2000 5512.9   1,260 22.9 
2001 6227.2   1,410 22.6 
2002 6914.8 1,520 22.0 1,970 28.5 
2003 7773 2,130 27.4 2,610 33.6 
2004 8595.8 2,800 32.6 3,680 42.8 
2005 9972.7 2,980 29.9 3,530 35.4 
2006 11889 4,210 35.4 5,600 47.1 
2007 14258.5 5,540 38.9 6,840 48.0 
2008 14719.2 4,960 33.7 6,310 42.9 
2009 12281 3,830 31.2 5,180 42.2 
2010 12874.3 4,080 31.7 5,610 43.6 
2011 14616.4 4,660 31.9 6,330 43.3 
2012 15676 5,220 33.3 7,090 45.2 
2013 16590.9 6,350 38.3 8,050 48.5 
2014 17201.9 5,670 33.0 7,640 44.4 
2015 17610.4 5,050 28.7 7,220 41.0 
2016 18118.1 5,140 28.4 7,090 39.1 
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Table B4: Comparison between Orbis and Statistics Estonia, exports  

(millions euro, nominal values) 

  Orbis 

Year Statistics 
Estonia 

After cleaning Before cleaning 

  

% over 
Statistics 
Estonia   

% over 
Statistics 
Estonia 

2004 4768.7 0 0.0 0 0.0 
2005 6201.9 0 0.0 0 0.0 
2006 7719.0 0 0.0 0 0.0 
2007 8033.5 0 0.0 0 0.0 
2008 8470.1 0 0.0 0 0.0 
2009 6486.9 4,060 62.6 6,390 98.5 
2010 8743.0 4,920 56.3 9,280 106.1 
2011 12003.4 6,090 50.7 11,700 97.5 
2012 12521.1 7,000 55.9 13,900 111.0 
2013 12288.2 7,780 63.3 15,600 127.0 
2014 12006.0 7,140 59.5 14,900 124.1 
2015 11575.3 6,130 53.0 12,800 110.6 
2016 11904.8 5,660 47.5 12,300 103.3 
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