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Abstract
We study green specialisation across EU countries and detailed 4-digit industrial sectors 
over the period of 1995–2015 by harmonizing product-level data (PRODCOM). We pro-
pose a new list of green goods that refines lists proposed by international organizations by 
excluding goods with double usage. Our analysis reveals important structural characteris-
tics of green specialisation in the manufacturing sector. First, green production is highly 
concentrated, with 13 out of 119 4-digit industries, which are high-tech and account for 
nearly 95% of the total. Second, green and polluting productions do not occur in the same 
sectors, and countries specialise in either green or brown sectors. Third, our economet-
ric analysis identifies three key features as relevant for green specialisation: (i) first-mover 
advantage and high persistence of green specialisation, (ii) complementarity with non-
green capabilities and (iii) the degree of diversification of green capabilities.

Keywords Green goods · Green specialisation · Environmental policy stringency · 
Complementarity · Path dependency

JEL Classification Q55 · L60 · O44

1 Introduction

This paper provides new evidence of the production and specialisation of environmentally 
friendly goods across manufacturing sectors and European countries over the period of 
1995–2015. Understanding the evolution and drivers of comparative advantage in green 
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productions is particularly important given the growing interest around the so-called green 
economy as a way to create new business opportunities related to environmental preser-
vation and climate change mitigation. This view recently culminated in the launch of the 
European Green Deal by the European Commission in response to the COVID-19 pan-
demic (Agrawala et al. 2020; Chen et al. 2020). Developing a first-mover advantage in new 
high-demand products such as electric cars and PV panels was also a strategic goal of the 
generous fiscal stimulus implemented by President Obama after the great recession, the so-
called American Recovery and Reinvestment Act (Popp et al. 2021).

Despite its key strategic role for a country’s future competitiveness (Fankhauser et al. 
2013), data constraints have so far limited empirical research on the green economy. We 
contribute to filling this gap by examining the drivers of green specialisation in EU manu-
facturing industries over two decades. In doing so, we assemble a new dataset that lever-
ages granular product-level data to construct measures of green production shares and Bal-
assa indexes of specialisation for 4-digit manufacturing industries. Understanding where 
green productions are located and why, is a first step to assess the potential benefits of a 
demand push for the green economy. For instance, job creation effects depend on where 
production is located rather than on where knowledge is created.

This paper contributes to the literature on industry specialisation being the first to sys-
tematically focus on green industries, namely on industries producing goods that reduce 
negative environmental impacts. In our main empirical analysis, we build on the stand-
ard framework used to study the drivers of industry specialisation (Midelfart-Knarvik et al. 
2000; Romalis 2004; Bombardini et al. 2012; Nicoletti et al. 2020). Mulatu et al. (2010) 
adopt this framework to study the role of environmental policies and other structural driv-
ers in the location choices of polluting industries in a static, cross-sectional analysis. We 
enrich this framework by exploiting the panel dimension of our data. This is particularly 
relevant to study patterns of comparative advantage in emerging and new products such as 
green ones.

Moreover, we take stock from the findings of the recent empirical literature on green 
innovation to include three new drivers of green specialisation: i. path dependency and 
persistency of first-mover advantage (e.g., Aghion et al. 2016); ii. complementarity with 
non-green capabilities (e.g., Perruchas et  al. 2020); and iii. diversification of the knowl-
edge base (e.g., Colombelli and Quatraro 2019). With respect to the few papers on green 
specialisation using export (Mealy and Teytelboym 2020) or patent data (Perruchas et al. 
2020; Barbieri et  al. 2020), we highlight the importance of observing the fine-grained 
structure of production across sectors and countries (and not only across countries) to 
understand specialisation patterns. In doing so, we provide a new angle and a new dataset 
for the analysis of green innovation that so far has mostly used patents (e.g., Popp 2002; 
Nesta et al. 2014; Calel and Dechezleprêtre 2016) or self-reported measures of innovation 
(Frondel et al. 2007, Horbach et al. 2012). While most climate (e.g. Nordhaus and Boyer 
2000) and endogenous growth models (e.g. Bovenberg and Smulders 1995) give prominent 
importance to R&D-driven green innovation, knowledge is also created during the produc-
tion stage, through learning by doing, as postulated in growth theory (Romer 1990) and 
innovation studies (Arrow 1971; Hatch and Mowery 1998; Clarke 2006). Overall, patents 
and productions capture two complementary channels of the process of building a green 
comparative advantage. We offer new data and evidence on the production channel, which 
has been comparatively understudied in the literature.

A crucial step to provide new evidence on green specialisation is to construct a time-
consistent measure of green production that varies at the country-year-sector (detailed 
4-digit NACE rev. 2 sectors) level. To this end, we harmonize a product-level dataset 
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compiled by Eurostat for the manufacturing sector, called PRODCOM, using the meth-
odology proposed by Van Beveren et al. (2012). To identify green products, we first select 
candidate lists of products that have been proposed during recent international negotiations 
at the World Trade Organization (WTO), as well as by the OECD. We then refine these 
lists by eliminating goods with double usages to obtain a favourite list of products that we 
use to construct  measures of green production at the sector-by-country level. While previ-
ous works used product-level data at the country level to study trade patterns in green prod-
ucts (Fraccascia et al. 2018; Mealy and Teytelboym 2020), our new dataset is the first that 
allows to study green production (rather than just trade) along three dimensions: country, 
year and highly granular 4-digit industries.

Our empirical analysis uncovers a set of novel facts concerning the structure of green 
production in European manufacturing industries.

First, we show that green production is just 2–2.5% of total manufacturing production 
in Europe. This is in the ballpark of the most precise US measures of the green economy 
(Elliott and Lindley 2017; Vona et  al. 2019). This finding suggests that a very granular 
dataset such as the one assembled in this paper is crucial to studying green specialisation.

This insight is further supported by our second key finding: green production is 
extremely concentrated in a set of high-medium tech industries mostly producing capital 
goods. At the 2-digit level, 9 out of 26 manufacturing industries have non-null green pro-
duction. However, of the 119 4-digit industries contained in those green 2-digit industries, 
only 21 are green, and 13 of those represent 94.9% of the total green production.

Last, we find that, even at a rather coarse level of aggregation (2-digit industries), pollut-
ing and green productions occur in two disjoint sets of industries. Consequently, the indus-
tries bearing the cost of environmental regulation will be different from those that will 
receive most of the benefits of the green industrial policies. This difference in the industry 
exposure to environmental policies also has consequences at the country level. Northern 
countries, especially Denmark, Sweden and Germany (along with Austria), exhibit a per-
sistent green comparative advantage. In contrast, lower income countries, such as Greece, 
Romania and Bulgaria and some traditionally industrial economies, such as Italy and Bel-
gium, have retained a specialisation in polluting productions.

Going beyond these descriptive facts, we examine the drivers of green specialisation at 
the country-industry level using panel data econometrics, following the approach described 
above (e.g., Midelfart-Knarvik et  al. 2000; Romalis 2004). Consistent with the descrip-
tive evidence, green specialisation exhibits path dependency, confirming the importance 
of first-mover advantages. Although our empirical strategy is not designed for policy eval-
uation, environmental policies seem to contribute to building a first-mover advantage in 
green industries, while they do not appear to be effective for catching-up or maintaining 
such advantage. Our regressions also reveal a complementarity between green and non-
green specialisation within the same narrowly defined 4-digit industries, although the mag-
nitude of the association is smaller than the persistency of the lead start advantage. Finally, 
diversifying the portfolio of green products with comparative advantage is also important 
for sustaining green specialisation.

The remainder of the paper is structured as follows. Section  2 discusses conceptual 
issues in defining green production, provides details on the PRODCOM data we use to 
compile our dataset and on how we refine existing lists to obtain our favourite one. Sec-
tion 3 presents descriptive evidence on industry-level dynamics of green production across 
European countries. Section 4 looks at specialisation in green production at the country 
level and relates it to environmental policies. Section 5 builds on the descriptive results 
of the previous sections and looks at drivers of country-industry specialisation in green 
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specialisation. In Sect.  6, we summarize our main findings and provide future research 
avenues.

2  A New Measure of Green Production

This section is organized as follows. In Sect. 2.1, we discuss the conceptual issues in meas-
uring green production. In Sect. 2.2, we present our main source of data, PRODCOM and 
we illustrate how to use PRODCOM to measure green production. Finally, Sect. 2.3 vali-
dates our favourite list of green products—which we refer to as the PRODCOM list hence-
forth—against other lists.

2.1  Conceptual Issues

The definition of green production presents several conceptual challenges related to the 
understanding of what “green” means and how such definitions can be operationalized in 
the data. We should emphasize from the outset that we consider “green” referring to the 
relationship between economic activities and the environment, leaving aside other dimen-
sions related for instance to whether the green economy should encompass social inclusion 
and equality of opportunities (e.g., Merino-Saum et al. 2020).

The first conceptual issue is whether we consider an activity (i.e., a product or a service) 
green in terms of the effective pollution content of its production (process approach) or 
in terms of its potential to minimize the harmful impacts of production on the environ-
ment (output approach). The first approach is intuitive: it uses direct and indirect pollu-
tion generated in producing a good as measure of the inverse of the product greenness. 
However, data limitations make it difficult to devise a measure of the pollution content of 
products that varies across countries and years (Sato 2014). While input–output methodol-
ogy has been used to better assess the environmental footprint of production, unfortunately 
available input–output tables only include a limited number of countries, years and highly 
aggregated sectors, yielding mixed and incomplete results on the pollution content of dif-
ferent productions (Rodrigues et al. 2018).

The output approach emphasizes the potential of certain products to be beneficial for 
the environment, and it is the preferred approach for defining most lists of green products 
or activities. For instance, both the Green Goods and Services Survey (GGS) of the Bureau 
of Labor Statistics in the US (e.g., Elliott and Lindley 2017) and the Eurostat definitions of 
green products (Eurostat 2016) use an output-based approach. To illustrate the difference 
between these two approaches, one can consider wind turbines: even though they fulfil an 
unequivocally green function, the process, emission-based, approach would not consider 
them very green due to the high pollution intensity of the iron that is necessary for their 
production.

In this work, we focus on the output approach. In line with this choice, our main con-
ceptual challenge is identifying which functions are particularly beneficial to the environ-
ment. This is far from straightforward: products fulfil functions that differ in their potential 
for reducing pollution based on their underlying technology, such as end-of-pipe and inte-
grated technologies (Frondel et al. 2007).1 A crucial conceptual issue here is that the same 

1 End-of-pipe technologies limit pollution from production processes without changing these processes in 
essence (e.g., waste-water treatment, catalytic converters or exhaust-gas cleaning equipment). Integrated 
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product can have different usages and thus different environmental impacts. For example, 
pipes and water tanks may be considered green when used for water and waste manage-
ment purposes, but they will not be green when used for other activities (Steenblik 2005), 
such as textile production that involves intensive water consumption. Altogether, these 
issues make it difficult to find a widely accepted conceptual definition of what a green 
product is. Operationalizing a definition of green products is even more difficult because 
standard statistical classifications are not designed to identify green products (Steenblik 
2005; Sauvage 2014). This increases the likelihood that a green products’ list contains false 
negatives (products that are green but are excluded from the list) and false positives (prod-
ucts that are not green but that are nonetheless included). This paper proposes to mitigate 
the data shortcomings and conceptual ambiguities discussed above using a new dataset, 
PRODCOM, where product codes and descriptions are available at a highly disaggregated 
level.

2.2  Measuring Green Production Using the PRODCOM Data

2.2.1  The Dataset

In the PRODCOM dataset, Eurostat collects very detailed information on manufacturing 
production values in Europe, covering on average, 4288 single products per year. The data-
set is available for the years between 1995 and 2015 for the core European countries,while 
detailed data on production in Eastern European countries has been collected from 2001 
onwards.2

To identifying green production across countries and industries, PRODCOM presents 
two advantages. First, the data are easily linkable to existing lists of green products. Sec-
ond, the PRODCOM classification is nested within the European industrial classification 
NACE: each PRODCOM code has eight digits, the first four of which correspond to NACE 
industry codes. This feature allows assigning each product to a 4- (and 2-digit) industry 
and computing the industry’s share of green production.

The use of PRODCOM presents some practical issues, which are extensively discussed 
in Online Appendix A.1. Notably, PRODCOM codes are updated yearly making it difficult 
to build a consistent panel of products. We deal with this issue using the methodology 
developed by Van Beveren et al. (2012) (VBBV henceforth) to harmonize the PRODCOM 
data over time. In a nutshell, the VBBV methodology identifies chains of product codes, 
which change over time due to statistical reclassification, and attributes a “synthetic code” 
to each chain that does not change over time, thus obtaining a consistent measure over time 
by product and sector. Combined with any list of green products, the VBBV methodology 
allows us to classify a synthetic code as either green ( g ) or not green ( ng) and then to allo-
cate these products to 4-digit NACE rev. 2 industries. For each industry, we compute the 
share of green production as follows:

2 Countries for which data from 1995 on is available include: Austria, Belgium, Denmark, Finland, France, 
Germany, Greece, Ireland, Italy, Portugal, Spain, Sweden and the United Kingdom. From 2001 on, our data 
include: Bulgaria, Croatia, Estonia, Hungary, Latvia, Lithuania, Romania, Slovakia and Slovenia. Poland is 
included from 2003 onwards.

technologies prevent pollution at the source, replacing less clean technologies: wind turbines are a clear 
example of this kind of product.

Footnote 1 (continued)
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where we divide the production of green goods in country i , industry j at time t , by the sum 
of both green and non-green production in the same country-industry-year combination.

2.2.2  Defining a Favourite list of Green Products

A key step of our analysis is to define a favourite list of green goods to implement the 
VBBV harmonization procedure. Historically, various lists of green products emerged as 
part of international negotiations to reduce the tariffs on a set of goods that are crucial for 
low-carbon transitions and sustainable development in general (WTO 2001; APEC 2012). 
The rationale for such negotiations is that decreasing tariffs on green products favours their 
diffusion and thus reduces abatement costs (World Bank 2007; Hufbauer and Kim 2010), 
especially in developing countries (Dutz and Sharma 2012; World Bank 2012).

Unfortunately, in pursuing this important goal, political economy considerations added 
a source of ambiguity to the definition of what is green. Indeed, each country negotiates 
“green” tariff reductions on the goods for which they have a comparative advantage rather 
than on truly green goods (Balineau and de Melo 2011; de Melo and Solleder 2018). The 
resulting disagreement on a final list of green goods was one of the reasons for halting the 
negotiations on  trade in environmental goods in 2016 (European Commission 2019).3

Among the lists of green products proposed in such negotiations, the most comprehen-
sive is the Combined List of Environmental Goods (CLEG) of the OECD, which encom-
passes three lists: the Plurilateral Environmental Goods and Services (PEGS) list devel-
oped by the OECD itself, the list proposed by the Asian Pacific Economic Cooperation 
(APEC) forum and the list defined by the so-called WTO Friends group. These lists are 
compiled using the Harmonized System (HS), the most widely used product classification 
system for trade across countries that can be linked to PRODCOM codes using crosswalks 
provided by Eurostat.

Additionally, although there is no official list of green products compiled by Eurostat, 
the list of the German Statistical Office follows the Eurostat criteria to define environ-
mental goods.4 We consider the union of the CLEG and German lists to provide a list of 
“potential green goods” that consists of 902 products. We refine this broad list to reach our 
favourite PRODCOM green list by excluding goods with multiple usages. In doing so, we 
review the product descriptions of the PRODCOM codes and manually exclude products 
with both green and non-green usages, such as tanks, industrial ovens, baskets, and mats. 
Among the goods with double usages, we retain only those related to the monitoring and 
analysis of environmental variables such as thermostats and apparatus equipment for mete-
orology and the chemical analysis of water. These products are included in all three lists 
composing the CLEG list, indicating a consensus around their green potential.

(1)Green Shareijt =

∑

g yijt,g
∑

g yijt,g +
∑

ng yijt,ng

3 For instance, bicycles have been at the centre of controversy between China and the European Union.
4 Environment protection activities “have as their main purpose the prevention, reduction and elimination 
of pollution and of any other degradation of the environment” and resource management, i.e., the “preser-
vation, maintenance and enhancement of the stock of natural resources and therefore the safeguarding of 
those resources against depletion” (Eurostat 2016, p.15). This narrow definition excludes products that do 
not match any criterion but that reduce environmental impacts in other sectors, such as LEDs.
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Our cleaning procedure leaves us with 221 (from 4288 products included in the PROD-
COM data and 902 products from the union of the CLEG and German lists) green products.

2.2.3  Advantages of Production Data

The other lists we use, in the next subsection, for sake of comparison are largely based on 
trade data, while we rely on production data. It is therefore important to highlight the key 
advantages of this choice. We focus here on approaches that have relied on the use of sec-
ondary data, rather than the collection of original data through surveys.

First, a vast literature uses trade data and a variety of existing lists of green products 
to study trade patterns (He et al. 2015; Cantore and Cheng 2018; Fraccascia et al. 2018; 
Tamini and Sorgho 2018; Mealy and Teytelboym 2020) and their effects on emission 
reduction (Zugravu-Soilita 2018, 2019). We also rely on such lists to build our own list, as 
just discussed. However, trade represents only a small portion of an economy and export-
ing firms are a non-random sample of large and highly productive firms (Melitz 2003; Ber-
nard et al. 2007, 2012). As a result, using data on total production, rather than just the sub-
section of production that is exported, is likely to provide a more accurate picture of how 
green production is distributed across countries and industries.

Second, another well-established strand of literature has relied on data on patenting 
activity (Jaffe and Palmer 1997; Popp 2002; Nesta et al. 2014; Calel and Dechezleprêtre 
2016; Sbardella et al. 2018; Perruchas et al. 2020). A key advantage of using patents is that 
patent classification explicitly identifies green patents—e.g., the tag Y02 provided by the 
European Patent Office (EPO). However, patent data refers to where knowledge is created, 
but not so much on where production actually takes place and where green jobs are created 
(Vona et al. 2019). Moreover, and crucially, patent data only captures codified knowledge, 
while the literature on innovation studies has shown that other non-codified ways of learn-
ing are also crucial to economic activity (Cowan et al. 2000; Johnson et al. 2002; Balconi 
et  al. 2007). In this respect, PRODCOM data provides a reliable output measure of the 
green economy able to capture such learning effects.

Third, an interesting approach is that of Shapira et al. (2014), who develop a set of key-
words that identify green products and then use these terms to identify green firms based 
on their reported business description in a database compiled by Bureau van Dijk for the 
UK. Retrieving green production using firm-level data is very promising but such data are 
usually available only for a selected sample of firms and not for several countries. In con-
trast, the PRODCOM dataset is based on administrative sources of data, offering reliable 
statistics across industries, years and countries.

Finally, it is also possible to use a combination of trade, patent, and production data. 
Frankhauser et  al. (2013) propose such  an approach to identify potential winners of the 
“green race”. They combine a wide range of sources 110 industries, across 8 countries 
over only 2 years (2005–2007). Using PRODCOM data, we have information across most 
European countries, over a much longer period (1995–2015) and we identify green prod-
ucts starting from over 4000 products rather than 110 industries. Moreover, our measure 
of green production is continuous, rather than binary, providing a more nuanced picture of 
green activities across countries and sectors.

Note that all the approaches above only look at the manufacturing sector, leaving ser-
vice industries aside. Unfortunately, PRODCOM data offers no remedy to this limitation 
as it only covers the manufacturing industry. Note also that PRODCOM data only covers 
European countries, while other works using patent and trade data, cover a broader group 
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of countries. Although this is a drawback of PRODCOM data, Europe represents an impor-
tant share of global green production and observing green production at such granular level 
of industry-country-year aggregation more than compensates for this shortcoming.

2.3  Comparisons with Other Lists of Green Products

While it is not possible to prove unequivocally that our list is the most adequate to identify 
green products, the comparison with other lists allows to highlight some key advantages. 
We compare here our favourite PRODCOM list with five broader lists (CLEG, German list, 
APEC, PEG and WTO2009) and two narrower lists (WTO Core and Core CLEG). We dis-
cuss each of these lists in greater details in Table A.1 of the Online Appendix A.2.

In Table 1 we correlate vectors of dummy variables indicating the presence of a certain 
product in each list. While the correlation across broader lists (PEGS, APEC, WTO2009 
and CLEG) is quite high, narrower lists, such as the WTO Core and Core CLEG lists, are 
weakly correlated with each other. For instance, the WTO Core and Core CLEG lists share 
only one green product, i.e., spectrometers using optical radiation. Our favourite PROD-
COM list exhibits a quite strong correlation with the WTO2009 list (with a correlation 
coefficient of 0.49), as well as its narrow version, the WTO Core list (0.3) and with the 
PEGS list (0.58). We also find a high correlation coefficient (0.45) between our PROD-
COM list and a “Core list”, which is defined as the union of the WTO Core and Core 
CLEG lists. This implies that our favourite PRODCOM list identifies a large portion of 
products that are included in either of the two most restrictive lists, reassuring us on the 
credibility of our favourite list. To give a few examples, these products include end-of-pipe 
technologies such as machinery for purifying gases and liquids as well as integrated tech-
nologies such as solar cells and monitoring equipment for physical and chemical analysis.

Figure 1 shows the overlap between our favourite PRODCOM list, the broadest CLEG 
list, German list, and the narrowest Core list. We find that 79 out of 147 products from the 
German list that are not included in any other list and that the CLEG has several products, 
512 out of 819, that are not part of other lists. Such products include multi-usage products 
such as tanks, industrial ovens and machinery for sorting and grinding material.

The narrow Core list is fully contained in the CLEG list, but it also shares products with 
the German list and our favourite PRODCOM list. This suggests that there is a consensus 
around products included in the Core list, but we find that important green products are 
not included in the Core list. Indeed, the Core list focuses on products whose function is to 
directly combat pollution with end-of-pipe technologies (i.e., water and waste management 
equipment) rather than on key integrated technologies (i.e., wind turbines). This list also 
leaves out secondary environmental products that offer more environmentally sustainable 
mobility options—such as bicycles—and environmental monitoring equipment.5

In conclusion, our favourite PRODCOM list seems more accurate than other available 
lists. On the one hand, broader lists, such as the CLEG, German, and APEC lists, include 
products with multiple non-green usages. On the other hand, narrower lists leave out 

5 Gas turbines are included in the WTO list and so are also part of our PRODCOM list. Clearly, their treat-
ment is problematic. On the one hand, they are a transition technology, so they can be considered green. On 
the other hand, they produce GHG emissions, so they are brown. In conclusion, gas turbines’ output does 
not have a direct positive effect on the environment. In fact, burning natural gas produces GHG and meth-
ane emissions and does not reduce pollution in other industries. Hence, there are no reasons to consider gas 
turbines as green, neither from the output nor from the process approach.
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integrated technologies such as wind turbines, electric cars, and environmental monitoring 
equipment. Our favourite PRODCOM list strikes a balance between these two extremes by 
focusing on single-usage products and by including both products that directly affect the 
environment and products that reduce pollution and energy use in other industries (such as 
LED bulbs, heat pumps and batteries). In section D of the Online Appendix, we replicate 
our main results using the CLEG list. We choose the CLEG list as term of comparison 
because it is a well-established and broad list that includes several multi-usage products. 
To be clear, our aim is to identify a list of core green products that are with no doubt 
the basis of green specialisation, not to argue that multiple-usage products have no role 
to play in achieving the transition to a greener economy. In general, our results using the 
CLEG list led to estimates of the share of the green economy that are well above other 
benchmarks existing in the literature (for the US, e.g., Elliott and Lindley 2017; Vona et al. 
2019), further validating our choice of a favourite list that excludes them.

3  Green Production Across Industries

We begin by exploring the industry dimension of the data using the share of green produc-
tion relative to total production as key statistics. Using such measure allows us to capture 
the high degree of heterogeneity in green production across and within industries.

Fig. 1  Overlap of PRODCOM product codes among selected lists of green goods. Notes Authors’ elabora-
tion on PRODCOM data. The figure depicts the overlap among four existing lists of green goods, the num-
bers represent the number of PRODCOM product code that fall within each category. For further details 
about the lists of green goods see Online Appendix A
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3.1  Aggregated Industries: Green Versus Brown Production

In Table 2, we explore the variability in the share of green production across 2-digits indus-
tries. This higher level of aggregation allows to compare the output-based and process- 
(emission-) based definitions of green production. We report the mean and standard devia-
tion of green shares for each industry, as well as the average GHG intensity. As mentioned 
in Sect. 2.2, the number of countries included in the PRODCOM data is unbalanced, thus 
we focus on 2005, 2010 and 2015, where we have a balanced panel of countries.

We find that green production is highly concentrated in a few industries. While most 
2-digit sectors (17 out of 26) have no production of green goods, four industries emerge 
as the key players in the green transition: i. Computer, electronic and optical equipment, 
which includes photovoltaic panels; ii. Electrical equipment, which includes equipment for 
the control and distribution of electricity; iii. Machinery and equipment, which includes 
wind turbines; and iv. Other transport equipment, which includes railway stocks. Remark-
ably, these four industries represent 85% of the total green production (column 6). Within 
these four industries, we also observe a rather high coefficient of variation (standard devia-
tion), which indicates a high degree of heterogeneity in green production across countries. 
Over time, average green shares increase in all the four greenest industries, in contrast with 
the stability of the average green share in other green industries.

Importantly, the four industries with a high green potential have a few other charac-
teristics that are of strategic interest for industrial policy. First, they are all high- or 
medium–high tech industries (Eurostat 2015; Galindo-Rueda and Verger 2016—see also 
in Online Appendix E for a list of high-tech industries6) that have large job multipliers 
in local labour markets (Moretti 2010; Vona et al. 2019) and are conducive to economic 
growth (Mcmillan et  al. 2014; Szirmai and Verspagen 2015). Second, specialisation in 
these sectors requires a strong pool of pre-existing capabilities (Hidalgo et al. 2007; Mealy 
and Teytelboym 2020), particularly engineering and technical skills that are prevalent in 
green jobs (Vona et al. 2018).

To compare the output-based and the process-based definition of green production, the 
last column of Table 2 reports greenhouse gas (GHG) intensity for the same 2-digit manu-
facturing industries. We rely on the environmental accounts of the World Input–Output 
Database (WIOD) that include the energy and GHG content of domestic production of 
each 2-digit industry for 15 countries between 1995 and 2009. We compute GHG  (CO2, 
 N2O and  CH4, aggregated according to their global warming potential) intensity as the 
sum of direct and indirect emissions per unit of value added from each industry, country, 
and year. A well-known cluster of brown7 industries stands out in terms of total (direct 
and indirect) emissions (Wiebe and Yamano 2016; de Vries and Ferrarini 2017): coke and 
refined petroleum products, other non-metallic mineral products, chemicals and chemical 
products, basic pharmaceutical products and pharmaceutical preparations, and basic metals 
and the manufacturing of fabricated metal products, except machinery. In the remainder of 

6 The only exception is sector repair and installation of machinery and equipment (NACE rev. 2 industry 
33).
7 In the remainder of this paper we define brown (or polluting) industries as those that have high GHG 
intensity as described above. Green production in contrast is defined based on the “output” approach, also 
detailed above; conversely, non-green production refers to economic activities that are not green according 
to the output-based definition.
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this paper, we treat the entire production process of these brown industries as polluting (see 
Online Appendix B and Marin and Vona 2019, for details).

Remarkably, comparing columns 3 to 5 with column 8 of Table  2, we observe no 
overlapping  between green production and pollution intensity. This fact has two main 
implications. First, from a conceptual point of view, the process- and output-based 
approach capture different aspects of the green economy but are not in contradiction 
with each other and in fact end up identifying similar “green” manufacturing  industries. 
Second, the two approaches are complementary for analysing policy impacts and under-
standing the distributional effects of environmental policies. While the competitiveness of 
brown industries is potentially harmed by an increase in environmental policy stringency 
(Dechezleprêtre and Sato 2017), green sectors benefit from the indirect demand for pol-
lution abatement equipment, technical know-how and integrated technologies (Horbach 
et al. 2012; Vona et al. 2019).8 In other words, the two well-known channels through which 
environmental policies affect competitiveness, namely, the cost channel (eventually leading 
to relocating polluting industries abroad, the pollution haven hypothesis) and the innova-
tion channel (the so-called Porter hypothesis; Ambec et al. 2013), impact different sets of 
industries. Because this result is obtained at a quite aggregate industry level due to limited 
data availability on emission content of more disaggregated industries, the lack of overlap-
ping between green and GHG-intensive industries may mask substantial heterogeneity at 
the product-level.9

3.2  Disaggregated Industries: Identifying High‑Green‑Potential Industries

We compare green and polluting production at 2-digit level of aggregation due to data con-
straints on sectoral GHG-intensity. However, the granularity of PRODCOM data allows us 
to compute the shares of green production for 4-digit industries. This is important to under-
stand which industries green production is concentrated in.

Table 3 reports key statistics on a set of 4-digit industries where green production is 
greater than zero in at least one year. The main takeaway is again that green production is 
highly concentrated also at the 4-digit level. Of the 119 4-digit industries among the 2-digit 
industries with a green production greater than zero, only 21 are green. Moreover, we find 
that 11 out of these 21 industries have a maximum green production of 100% for at least 
one country and year.

After ranking industries by their average share of green production, we observe a first 
group of eight extremely green industries, from “bicycle and invalid carriage manufac-
turing” to “non-domestic cooling and ventilation equipment manufacturing”. For these 

8 When we use a broader set of green products, such as the CLEG list, we find that core green industries 
from Table 2 still rank among the top green industries. We also find that fabricated metal products, (exc. 
machinery) and other non-metallic mineral products also exhibit large green shares of production. This is 
the result of the CLEG list including multiple use products such as tanks, taps and plastic containers that 
can be used for water and waste management purposes but also have a high emission content. This is dis-
cussed more at length in Online Appendix D—see Table D.1. Despite these, our results confirm that green 
production is still heavily concentrated in few industries, with little overlap with polluting industries.
9 Although at the aggregate level we do not observe any overlapping, it may be that, for some specific 
green products such as wind turbines, there can be a trade-off between the environmental impact of produc-
ing green products and the potential environmental benefits in their usage. Studying such trade-offs at the 
product level require more detailed data that, to the best of our knowledge, are only available for India (Bar-
rows and Ollivier 2018) and it is well beyond the scope of this study.
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industries, the average green share is above 20%, there is always at least one industry with a 
country-year observation with 100% green production, and the absolute long-term changes 
are positive, with the exception of production in railway and non-domestic cooling and 
ventilation. Finally, these industries account for 73.9% of total green production. We then 
observe a second group of five industries, including the production of LEDs and PV panels 
(in “electronic components manufacturing”) and wind turbines (manufacturing of engines 
and turbines), that represent another 21% of the total green production. The remaining 
eight industries account for just 5.1% of the total green production and always have mean 
shares of green production below 0.04; thus, we define them as marginally green.  In the 
remainder of the paper, we study green specialisation focusing on the 13 industries identi-
fied in Table 3 as high-green-potential industries. However, for the sake of completeness, 
Online Appendix D replicates the main analyses of Sect. 4 for the full set of green indus-
tries (in particular, see Figs. D.1, D.2 and D.3).

4  Specialisation Patterns in Green Production

We begin by exploiting the cross-country variation of our data to study specialisation in 
green production across countries and high-green-potential industries. Our analysis devotes 
specific attention to the identification of green leaders and the persistency of their compar-
ative advantage. Figure 2 plots the evolution of the 3-years moving average of countries’ 
green production shares. We group countries based on size and geographic position to look 
at large (panel A), small (panel B) and Eastern European (panel C) countries, and always 
including the benchmark of the European (weighted on turnover) average across all avail-
able countries in each year.10

Green production shares in high-green-potential industries rarely exceed 4% of coun-
tries’ total production, with an average just above 2%. This is consistent with the most reli-
able estimates of the green economy for the US, e.g., Elliott and Lindley 2017; Vona et al. 
2019.11 In terms of country rankings, those with the largest shares of green production are 
Denmark, Germany, the UK, Sweden and Austria. All leaders are high-income countries 
that are at the technological frontier and have strong capabilities in high-tech industries.12 
This suggests that engineering and technical competences, which are typically core capa-
bilities for high-green-potential industries, can be reused in green production as we will 
also show in the econometric analysis.

Not surprisingly, we also find high persistency in the shares of green production that 
increases by a modest 12.5% over the period between 1995 and 2015 (from 0.02 to 0.0225). 
Explaining the slow diffusion of green production is beyond the scope of this work, but the 
rapid rise of China as a manufacturing powerhouse can contribute to explain this pattern 

10 Note that Fig. 2 reports country-level shares, while Table 3 reports the shares of green production within 
each industry.
11 As mentioned above, using the broader CLEG green list, we obtain an EU average green share of pro-
duction around 10% (Figure D.6 in the Online Appendix), which is off target relative to the US benchmark. 
Note that the measures for the US rely on different methodologies – using either surveys or employment 
data and also include the service sector. For this reason, direct comparisons between our results and the 
existing measures of the US are not possible, although the fact that we find similar results brings additional 
support to our methodology.
12 We explore in greater detail countries’ green specialisation at the product level in Online Appendix C, 
Table C1. We find that the top three green products are quite similar across countries.
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(Algieri et  al. 2011; Sawhney and Kahn 2012; Liu and Goldstein 2013). It is however 
worth pointing out that such modest increase in shares of green production at the country 
level masks a quite large growth in absolute terms. On average green industries have seen 
an increase in sold production of over €136 M over the period 2005–2015. This is largely 
driven, however, by very high values at the top of the distribution.

Green production shares are not a direct measure of the extent to which a country spe-
cializes into green production since they lack a benchmark for comparison. To this aim, 
we use a Balassa index of Revealed Comparative Advantage (RCA) index that is widely 
used to study specialisation patterns (Balassa 1965; Cole et al. 2005; Hidalgo et al. 2007; 
Petralia et al. 2017). The RCA index is computed as follows:

where ygreen
it

 is the green production in country i. The index compares the green produc-
tion share of country i with the average green production share across all countries. Note 
that RCA values between 0 and 1 denote non-specialisation, while RCA values above 1 
denote specialisation. As a result of this asymmetry, statistical analyses using the Balassa’s 
RCA index tends to assign too much weight to values above one (Dalum et al. 1998; Cole 
et al. 2005; Yu et al. 2009). Laursen (1998) proposes to either take the logarithm of the 
RCA or to make it varying symmetrically between − 1 and + 1 applying the following trans-
formation: SRCAgreen

it
=
(

RCA
green

it
− 1

)

∕
(

RCA
green

it
+ 1

)

 . We use the symmetrical RCA for 
descriptive purposes as it allows a better visualization of the results, while we resort to the 
logarithm transformation in our econometric analysis to interpret the results in terms of 
elasticities. To begin exploring the driver of green specialisation, we correlate countries’ 
green RCA 13 and the OECD index of environmental policy stringency (EPS henceforth) 
for market-based policies.In Fig. 3, we plot these correlations for selected years, the takea-
way is that the unconditional correlation between green RCA and EPS is strong and posi-
tive, but slightly decreasing over time.14 In 2001, the EPS index exhibits a correlation of 
0.34 with the green RCA, which decreased to 0.19 in 2015. The fact that the strength of 
this relationship decreases over time will be further explored in the econometric analysis in 
the next section. Note that we choose market-based policy because economic theory argues 
in favour of their higher effectiveness in stimulating the diffusion of green goods and tech-
nologies (Requate 2005; Nordhaus 2019). Although the empirical literature offers no clear 
evidence on the superiority of market-based policies over non-market-based ones, at least 
on innovation outcomes (e.g., Nesta et al. 2018), there are also practical reasons for our 
choice to use market-based policies. In fact, the non-market-based EPS index shows very 

(2)RCA
green

it
=

y
green

it

�

ytotal
it

∑

i y
green

it

�

∑

i y
total
it

13 The green RCA is computed by treating green production from high-green-potential industries as a 
unique sector, i.e., yijt is the total green production from all high-green-potential industries for each country 
i.
14 In Online Appendix D, we also show the same figure using CLEG products to identify green production. 
We find that the relationship between green specialisation and environmental policy is weaker, with correla-
tion coefficients between 0.09 and 0.14. This lower sensitivity to environmental policies further supports 
the exclusion of multiple-usage products.
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little variation across EU countries, making it difficult to use it to identify a policy effect in 
a multivariate regression.15 

Finally, we also correlate the green RCA with the brown RCA to assess the extent to 
which there is an overlapping between green and brown specialisation. The brown RCA 
is computed by treating all polluting industries defined in Table 2 as a single sector and 
by considering all production as “polluting”. In Fig. 4, we plot green and brown RCA for 
selected years dividing countries into four quadrants. We choose 2001 as our earliest year 
because the PRODCOM data are not available for Eastern European countries in previous 
years. Countries in the top-left quadrant have an RCA in green production but not in pol-
luting production. The top-right quadrant shows countries with an RCA in both types of 
production, the bottom-right shows countries with an RCA only in polluting production 
and the bottom-left shows countries with an RCA in neither type of production.

The number of countries with a green RCA (i.e., those above the horizontal dashed line) 
remains quite stable (with Austria joining Sweden, Germany and Denmark), with only 
Denmark experiencing a noticeable increase over time. Specialisation in polluting indus-
tries shows less dispersion than green specialisation, with most countries clustered around 
0 (the vertical dashed line). Brown specialisation emerges in countries with lower income 
per capita (such as Romania, Bulgaria, Greece) as well as in some traditionally industrial 
economies (such as Italy and Belgium). Consequently, the green and brown RCAs exhibits 

Fig. 2  Evolution of green production shares for selected European countries. Notes Panel A, B and C report 
green production shares over time for large, small and Eastern European countries, respectively. These have 
been smoothened by taking 3-years moving averages. Production values are deflated to have data at con-
stant prices, with 2010 as base year. We only use green production from high-green potential industries as 
identified in Table 3. EUR is the European green shares across all available countries in each year. In panel 
D, we compare it with the unweighted average (AVG) across countries. Because data on Eastern countries 
is available only from 2001 onwards, and 2003 onwards for Poland, we report both these measures com-
puted for each year for all available countries as well as only for countries for which we have a balanced 
panel since 1995, i.e.: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Portu-
gal, Spain, Sweden, United Kingdom, (EUR95 and AVG95, respectively)

15 To give an example, in 2015 all countries in our sample have non-market EPS is equal to 5.5 except for 
Portugal and Italy (which have values of 5 and 6 respectively).
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Fig. 3  Green RCA and environmental policy stringency across countries and over time. Notes Authors’ 
elaboration on PRODCOM data and OECD for the index of environmental policy stringency (EPS) for 
market-based policies. We plot countries’ green RCA and the EPS, developed by the OECD. Green RCA 
is based solely on green production from high-green potential industries, as identified in Table 3. Produc-
tion values are deflated to have data at constant prices, with 2010 as base year. The RCAs are computed 
following Eq. 2 are made symmetrical around 0 and bounded between -1 and 1, the value of 0 indicates 
therefore whether a country has successfully specialised in green production. We also report the coefficient 
of a regression of green RCA on the EPS index for each year

Fig. 4  Green and polluting RCA across countries and over time. Notes Authors’ elaboration on PRODCOM 
data. We plot countries’ green and polluting RCA. Green RCA are based solely on green production from 
high-green potential industries, as identified in Table 3. Polluting production is total production from pol-
luting industries identified in Table 2. Production values are deflated to have data at constant prices, with 
2010 as base year. The RCAs are computed following Eq. 2 are made symmetrical around 0 and bounded 
between -1 and 1, the value of 0 indicates therefore whether a country has successfully specialised in green 
production. We also report the coefficient of a regression of green RCA on polluting RCA for each year
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a strong negative correlation, i.e., the correlation coefficient is always beyond -0.39.16 This 
evidence, together with the fact that the green leaders are mostly high-income countries, is 
suggestive on the possible cross-country distributional effects of EU environmental poli-
cies, such as the European Green Deal, may exacerbate the gap between the core and the 
periphery of Europe. It is therefore important, when it comes to providing a large fiscal 
push for the green economy, that more attention is given to helping laggard countries to 
develop a comparative advantage in some specific green products. Our econometric analy-
sis of next Section provides further insights on the design of green industrial policies for 
both laggard and leading countries.

5  Drivers of Green Specialisation

To examine econometrically the drivers of green specialisation, our starting point is the 
canonical empirical framework in the literature on the drivers of specialisation (Midelfart-
Knarvik et al. 2000; Romalis 2004; Mulatu et al. 2010; Nicoletti et al. 2020). In its simplest 
form, this framework compares the influence of two main sources of comparative advan-
tages: (i) abundance of productive factors, stemming from the Heckscher-Ohlin (HO) theo-
retical framework; (ii) market access and economies of scale, in line with new economic 
geography (NEG) theory.

The empirical implementation relies on a shift-share measurement framework following 
the seminal paper of Rajan and Zingales (1998). More specifically, HO- (and NEG-) drivers 
are included in the analysis by interacting a measure of industry-level intensity of a given 
productive factor and a measure of country-level abundance of such factor. Endogeneity 
concerns are mitigated in this framework because industry-level characteristics are taken 
as cross-country averages and fixed over time, while country-level drivers are allowed to 
vary over time. However, as well-known in the econometric literature (Angirst and Pischke 
2009), solving multiple endogeneity problems is exceedingly difficult in reduced-form 
regressions because it is not possible to establish a well-defined counterfactual. Our goal 
here is not to isolate a specific causal channel, but to ascertain the importance of different 
drivers—which we derive from the theoretical literature—of green specialisation. There-
fore, while the trade literature usually gives a causal, theory-driven interpretation to the 
coefficients estimated through this approach, the estimates presented in this section should 
be interpreted as theory-driven correlations rather than causal effects.

5.1  Empirical Specification

Mulatu et  al. (2010) expand the empirical framework of Midelfart-Knarvik et  al. (2000) 
to study the patterns of specialisation of polluting industries and the possible emergence 
of pollution havens within the EU area. Their key variable of interest is the sectoral pol-
lution (or energy) intensity interacted with proxies of environmental regulation (or energy 
prices) at the country level. With this aim, the authors consider a cross-section of 16 

16 As we show in Online Appendix D, this relationship becomes essentially flat when we use the CLEG list 
for green products, in line with the fact that with this list there is more overlap between green and polluting 
productions.
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manufacturing industries in 13 countries and exploit across industries variation in pollution 
exposure to estimate the role of environmental policies on industry location.

Taking stock from the descriptive evidence, we adapt the canonical model to account for 
the peculiar characteristics of green industrial sectors.

First, green production is highly concentrated in a few high-green potential sectors. In 
order to avoid misleading comparisons with sectors not involved in the green transition, we 
limit the analysis of the drivers to high-green potential sectors. Second, we show that the 
sectors with a high green potential are not among the carbon-intensive ones. Accordingly, 
we measure exposure to environmental policies based on the sectoral share of green pro-
duction at the 4-digit industry level rather on the pollution intensity. Finally, because high-
green potential sectors are often high-to-medium tech, it is important to take stock from the 
existing literature on the drivers of specialisation in high-technology green sectors. More 
specifically, we add three drivers that have been examined by the literature on green inno-
vation using patents: i. path dependency (e.g., Aghion et al. 2016), which is also in line 
with our descriptive evidence; ii. complementarity with proximate capabilities (e.g., Per-
ruchas et al. 2020), which resonates with the literature showing that specialisation in one 
product is related to specialisation in other “similar” products (Hidalgo et al. 2007; Mealy 
and Teytelboym 2020); iii. diversification of the knowledge base (e.g., Colombelli and 
Quatraro 2019), which increases the scope for recombinant innovations (Weitzman 1998).

To fix the ideas, we begin with an econometric model that mimics the specification of 
Mulatu et al. (2010) over the period 2005–201517:

where �ijt is the error term, Xit are the k country-level drivers explained below (with �k 
being the associated coefficients), and time dummies �t absorb common shocks for all EU 
countries.

Our dependent variable is the index of revealed green comparative advantage index, 
RCA

g

ij,t
 . Note that, while in the previous section we used an RCA at the country level, the 

variable RCAg

ij,t
 varies by country i, sector j and time t. In other words, RCA in previous 

sections considered green production as a single industry. Here we fully exploit our data 
looking at specialisation in both green and non-green production across countries and 
industries. We compute an RCA at the country-industry level for both green and non-green 
production, as follows:

(3)ln(RCA
g

ij,t
) = � +

∑

k

�k × �j × Xit + �t + �ijt

(4)RCAk
ijt
=

yk
ijt

�

∑

j yijt
∑

i y
k
ijt

�

∑

j

∑

i yijt

17 Most Eastern European countries enter in our dataset in 2001, except for Poland, which is included only 
from 2003 onwards. Therefore, focusing on the years 2005–2015 allows us to have a balanced panel and to 
compute pre-sample means for all countries.
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where k = g (green) or ng (non-green, i.e., yng
ijt

= yijt − y
g

ijt
).18 We refer to these two meas-

ures as green and non-green RCA, respectively. Hence, we normalise the share that green 
production represents in total production in industry j in country i , by the share of green 
production in total production in industry j across all countries. In our econometric appli-
cation, we use the log of the asymmetric RCAg

ij,t
∶ this has the benefit of dealing with the 

skewedness of the index, reducing its asymmetry (Dalum et al. 1998; Soete and Verspagen 
1994).

In this basic specification that closely follows Mulatu et al. (2010), our main explana-
tory variables combine time-invariant industry characteristics �j and country characteris-
tics Xit that vary over time. These are reported in Table E.3 in the Online Appendix, where 
we discuss them in detail. In a nutshell we include interaction measures on (i) environmen-
tal policies, (ii) capital intensity, (iii) skills, (iv) technology, (v) economies of scale, and 
(vi) market access, we briefly discuss these in turn.

Concerning environmental policies, we interact the average green production share of 
the sector in Europe with the OECD EPS index of stringency in market-based policies. 
Capital intensity is measured as the ratio between investments in tangible assets and total 
employment of the 4-digit sector (source Structure of Business Survey, SBS, of Eurostat) 
and it is interacted with the log of the investment in tangible, non-residential, assets over 
total employment of each country-year (source EUKLEMS-INTANProd data). For secto-
ral high-skill intensity, we compute the ratio between employment in abstract occupations 
and total sectoral employment in the US and interact this with the share of workers with 
tertiary education of each country-year. We account for the technological complexity of 
production by interacting the share of R&D personnel and researchers in total active popu-
lation from Eurostat and a dummy taking value 1 for high- and medium–high tech manu-
facturing industries, following Eurostat’s definition based on R&D expenditure, which we 
report in Table E.5 in the Online Appendix.19 Finally, we also include proxies for econo-
mies of scale and market potential as possible drivers in line with the NEG literature. First, 
we interact total manufacturing production for each country with the average number of 
employees per plant of the sector.20 Second, we use total value added of each country as a 
measure of market size and industry’s share of final goods (either capital or consumption 
goods) in total production. We refer the reader to Tables E.2 and E.3 in the Online Appen-
dix for detailed descriptive statistics and data sources on these variables.

In our favourite specification, we progressively add to Eq. 3 the three key drivers identi-
fied by the literature on green technology as important for green specialisation, i.e., path 
dependency, complementarity with non-green capabilities and diversification of capabili-
ties. In doing so, we estimate variants of the following equation:

18 Note that here we only look at high-green potential industries, none of which can be considered as GHG-
intensive. Therefore, when we compute green and non-green RCAs at the industry level, we are comparing 
the green and non-green production within the same green industry. By non-green production, we simply 
refer to the share of production of a given industry of goods that are not part of our favourite list of green 
products. The non-green RCA is thus different from the polluting RCA of Fig. 5, which is based on the pro-
duction of GHG-intensive industries shown in Table 2 and computed at the country-level.
19 We have also replicated this analysis using patents as a share of output, results are robust and available 
upon request.
20 Following Mulatu et  al. (2010) we argue that the optimal scale of a sector can be inferred using the 
average number of employees of all firms in that sector across EU countries and interact this variable with 
manufacturing output to capture the size of production of the country.
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The main proxy of path dependency in green specialisation is the pre-sample mean of 
the green RCA ( RCA

g

ij,t0
 ) computed for the years 2001–2004. We interact the pre-sample 

mean of green RCA with time dummies to assess the persistence of the “first-mover advan-
tage”. Using the pre-sample mean of green production is also more consistent with the 
notion of path dependency than using the lagged dependent variable.

Inspired by the recent literature that uses the product space to map products’ similarities 
(Hidalgo et al. 2007; Mealy and Teytelboym 2020), we measure the degree of complemen-
tarity between green and non-green capabilities using the level of non-green RCA within 
the same four-digit sector and lagged by 1 year 

(

RCA
ng

ij,t−1

)

.21 Taking the level of non-green 
specialisation within the same detailed 4-digit sector represents a natural way to measure 
capabilities that are similar to green ones. The effect of having a stronger non-green RCA 
on green specialisation is unclear ex-ante. It could be positive if the non-green capabilities 
can be replicated and successfully used to create a green comparative advantage within the 
same sector. It could be negative if there is competition between the green and non-green 
uses of a similar pool of capabilities. While determining which effect would prevail is an 
empirical issue that we will explore through Eq. 5, the unconditional correlation between 
green RCAg

ij,t
 and non-green RCAng

ij,t
 is rather high (0.5). Thus, we expect stronger non-green 

capabilities within the same sector to be positively associated with the building of a com-
parative advantage in green industries.

Finally, we capture green (non-green) diversification in a country’s capabilities within 
a particular sector with the number of green (non-green) products with an RCA > 1, i.e., 
above the threshold designating a country as having a comparative advantage for that prod-
uct at time t − 1 ( #RCAg

ij,t−1
 and #RCAng

ij,t−1
 for green and non-green diversification, respec-

tively). To account for skewness in this measure, we take the log of both variables.22 We 
argue, in line with the well-established literature on structural change, that countries spe-
cialise in products based on their productive capabilities (Hidalgo et al. 2007; Hidalgo and 
Hausmann 2009), and therefore, the number of green goods produced with an RCA within 
each country-industry, will capture the breadth of green productive capabilities.

5.2  Results

Table 4 contains the main result of our econometric analysis. We begin with the specifica-
tion of Eq. 3, then we progressively add the other drivers included in Eq. 5. The last col-
umn (5) is our favourite specification where we also include country fixed effects to Eq. 5 
in order to account for unobservable differences in policies and institutions that may be 

(5)
ln(RCA

g

ij,t
) = � +

∑

k

�k × �j × Xit +
∑

t

�t × ln(RCA
g

ij,t0
) + � ln

(

RCA
ng

ij,t−1

)

+ � ln

(

#RCA
g

ij,t−1

)

+ � ln

(

#RCA
ng

ij,t−1

)

+ �t + �ijt

21 We use this approach rather than building a fully-fledged measure of product proximity based on prod-
uct-space approaches (see Hidalgo et  al. 2007). This is because such proximity measures are built using 
co-occurrence in green and non-green RCA. This makes the approach not suitable to be used in an econo-
metric analysis of the drivers at the sector-by-country level, since correlation between green and non-green 
specialisation would be established by construction.
22 We deal with the case in which the number of products is 0 by adding 1 so that the log transformation 
does not yield missing values.
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correlated with the green RCA. As in Mulatu et al. (2010), for the variables of the canoni-
cal model the interpretation requires computing the marginal effect of country-level driver 
(e.g., university graduates) in correspondence to different percentiles of industry-level 
characteristics (i.e. share of highly skilled workers). For sake of space, we present such 
calculations in Table E.12 and E.14 of the Online Appendix, for both our favourite specifi-
cation of column 5 and the canonical specification of column 1.

Column 1 presents the results of the canonical model. The bottom line is that none of 
the standard drivers matter for green specialisation. This conclusion is confirmed when we 
compute the marginal effects of the drivers at different percentiles of industry characteris-
tics (Table E.13). Two exceptions are present. First, the EPS index, for which we find that 
the marginal effect increases together with the share of green production of the industry, 
suggesting that green policies may at best reinforce existing patterns of green specialisa-
tion. While the effect of the interaction term is statistically significant at the 10% level 
only in the basic specification of Column 1, Table E.12 reporting marginal effects shows 
that the EPS index becomes statistically significant already at the median of the green 
industry share. However, the association between the EPS and the green RCA becomes 
smaller and statistically insignificant when adding the controls for path-dependency, non-
green capabilities, and diversification (columns 2–5). In our favourite specification from 
column 5, Table E.13 shows that the EPS never passes the threshold above which its effect 
on green specialisation becomes statistically significant, thus the effect of environmental 
policies seems to pass through that of other structural factors that predate the time span 
considered in our analysis.

To further explore the role of environmental policies, Table E.6 in the Online Appen-
dix E presents the correlation between the pre-sample mean of green specialisation and 
the EPS index, which is quite large (0.267) and statistically significant at the conventional 
level. We also note that the market-based EPS index is correlated more strongly with 
the pre-sample mean green specialisation than the non-market-based index (0.097). This 
implies that environmental policies are particularly effective on green specialisation when 
they are used to build an early start advantage and that the market-based EPS is more cor-
related with such advantage in our sample.

This result is also evident in Table E.11 of the Online Appendix E where we estimate 
Eqs. 3 and 5 separately for the 3 years (2005, 2010, 2015), thus only exploiting the cross-
sectional variation of the data as in Mulatu et  al. (2010). The interaction term between 
the EPS index and the share of green production is statistically significant only in the 
first period (2005). Interestingly, the interaction term remains positive and statistically 
significant in 2005 also for the specification of Eq.  5. These robustness checks allow to 
qualify our results concerning the effect of environmental policies on green specialisation 
by showing the higher effectiveness of such policies to build an early advantage in green 
production.

Concerning the other drivers, we find that, somewhat surprisingly, the interaction for 
market access shows a negative coefficient that does not vary with the industry share of 
final goods in total output in Table E.12. This is difficult to interpret because of high col-
linearity with the other variables used to proxy for scale effects. However, it should be 
noted that when we move to our favourite specification, in Table E.13, the marginal effects 
become statistically insignificant suggesting that other structural factors fully absorb pos-
sible effects of market access. Two, not mutually exclusive but untestable, explanations 
can account for this result. First, there is measurement error in our proxies of the driv-
ers that leads to an attenuation bias. The skill intensity, for instance, is obtained from US 
data through a crosswalk between the US and the EU industry classification that includes 
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several many-to-many matches and is not perfect. Second, the variation in the industry 
characteristics is much smaller in our subsample of high-green potential industries com-
pared to the sample of all manufacturing industries used by Mulatu et  al. (2010). Table 
E.5 confirms this conjecture by reporting the standard deviation and the coefficient of vari-
ation of three industry characteristics (skill, capital intensity and the average number of 
employees per plant) for high-green potential industries and all manufacturing industries. 
The subsample of high-green potential industries exhibits less variability in the industry 
characteristics (which are used to estimate the effect of country-level drivers) compared to 
the entire sample of manufacturing industries.

Column 2 considers a specification where we add the pre-sample mean of the green 
RCA, which is our proxy for first-mover advantage. The pre-sample mean is interacted 
with time dummies to estimate the speed at which the pre-2004 advantage fades away. 
The persistency of such advantage is remarkable: the elasticity of the pre-2004 green RCA 
is 0.92 after 1 year and 0.68 after 11 years. As we progressively add other variables in 
columns 3, 4 and 5, we observe a concomitant decline in the influence of the first-mover 
advantage. In the most comprehensive specification of column 5, the elasticity of the initial 
advantage is still 0.73 after 1 year and 0.52 after 11 years. This implies that, conditional on 
the other covariates that are also correlated with long-term structural factors and thus with 
first-mover advantage, a one standard deviation in the log of the initial green advantage 
(3.31, see Table E.1) continues to explain as much as a 50.9% of one standard deviation in 
the log of the green RCA (3.39, see Table E.1) after 11 years.23

Overall, the first policy implication of our analysis is that green specialisation is highly 
persistent and policy actions play at best a minor role in reverting pre-existing patterns of 
specialisation in green industries.

In column 3, we highlight our second main finding: green and non-green specialisation 
reinforce each other as highlighted by the positive and statistically significant coefficient of 
the non-green RCA. The quantitative impact is also non-negligible: a one standard devia-
tion change in the log of non-green specialisation (2.855) explains as much as 15.7% of 
one standard deviation in the log of green RCA (3.388). This association becomes quanti-
tatively smaller by progressively adding proxies of diversification (column 4) and country 
fixed effect (column 5). In this most comprehensive specification of column 5, the non-
green RCA still explains 9.1% of one standard deviation of the green RCA. The similarity 
between green and non-green competences within a narrowly defined domain resonates 
with previous findings of Perruchas et  al. (2020) using patents, Mealy and Teytelboym 
(2020) using export data and Vona et  al. (2018) using skill data. Because building such 
capabilities takes time and depends on structural characteristics of a country’s industrial 
system, the complementarity of green and non-green capabilities helps explain the persis-
tency in green specialisation.

In column 4, we include the proxies of diversification in green and non-green produc-
tions. We find that the number of green products with an RCA is positively and signifi-
cantly correlated with the average green RCA of the industry. A one standard deviation 
change in the number of green products with RCA explains as much as 23.7% of a standard 
deviation in the green RCA. Note that the number of green products with RCA is correlated 
with the lagged green RCA, thus it mechanically captures part of the path-dependency 

23 This number is obtained by multiplying the coefficient of the log of the green RCA PSM after 11 years 
(0.52) by its standard deviation (3.31) and dividing it by a standard deviation in the log of the green RCA 
(3.39).
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effect. Furthermore, the coefficient of non-green diversification is far from being statisti-
cally significant at conventional level. Since the number of non-green products with an 
RCA is mechanically correlated with the non-green RCA, it is not surprising to detect a 
decline in the coefficient associated with the non-green RCA in columns 4 and 5. This last 
set of results suggests that diversifying the set of capabilities is important for maintain-
ing a comparative advantage in green production. Yet, because only a few countries have 
multiple green products with a revealed comparative advantage in a specific sector, the 
diversification channel is not easily accessible for laggard countries that want to catch up 
with leaders.

In the Online Appendix, we conduct a series of robustness checks of these results. First, 
results hold when we consider all green sectors (Table E.7). The main notable difference is 
the positive and significant effect of the interaction between environmental policies and the 
average green share of production of the industry in the favourite specification of column 
5. Thus, a policy stimulus becomes more effective if there is more variability in the set of 
industries included in the estimation sample. This also suggests that, while structural deter-
minants are particularly relevant for high-green potential industries, policy drivers gain 
importance for marginally green industries. Second, weighting the regressions using the 
average industry turnover does not alter the main results, but again reinforces the effect of 
the EPS index in greener sectors (Table E8). The effect of the non-green RCA is estimated 
less precisely in our favourite specification, leading to non-statistically significant relation-
ship between green and non-green specialisation. In addition, we conduct the same analysis 
using the CLEG list (Table E.9). Importantly, results on the main drivers (pre-sample mean 
of the green RCA, non-green RCA and diversification proxies) are qualitatively similar to 
those obtained using our favourite list, although the estimated elasticities are somewhat 
smaller. Finally, we explore an alternative functional specification for the number of green 
(and non-green) products with RCA to account for the high skewedness of this variable. 
We replace the continuous variable with three dummies: no product with RCA, one prod-
uct with RCA and at least two products with RCA (Table E.10). Including these variables 
do not alter the main results, but for the positive correlation between green and non-green 
specialisation that becomes statistically insignificant at conventional level. In turn, the 
dummies associated with non-green diversification becomes statistically significant. Given 
the strong collinearity between these two variables, we interpret these results as an indica-
tion of the importance of non-green capabilities for green specialisation without taking a 
strong position on channel through which this influence takes place.

6  Conclusions

This paper presents new stylized facts on the structure and evolution of specialisation in 
green productions by assembling a new dataset based on the PRODCOM dataset of Euro-
stat, which allows for the first time to examine variation in green production across detailed 
sectors (4-digit NACE), countries (in the EU) and over several years (1995–2015). We con-
struct a favourite list of green products by cleaning existing lists proposed during recent 
international negotiations to reduce trade tariffs for such products. Our main criterion is to 
exclude green goods with double usages from our final list because this is the most contro-
versial issue in the debate on the definition of what should be considered as green.

Our first finding is that there is no overlap between green production and the (direct and 
indirect) GHG-intensity across two-digit NACE industries. This result has two important 
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implications. In the debate on the definition of what is green, the process- and output-based 
approaches capture different aspects of the green economy. Naturally, both definitions are 
important to understand the green transition. The paper strives to examine specialisation 
patterns using both definitions, although data constraints on emissions content of produc-
tion only make this possible at a coarser level of aggregation (2 digits of NACE) than what 
is available within PRODCOM. In spite of this limitation, the analysis of the revealed 
green and brown comparative advantages indicate that European countries tend to special-
ise either in green or brown sectors.

Exploiting the granularity of our data at 4-digit industry-level, the second result is that 
green production is highly concentrated in a few sectors despite an average increase of 
12.5% (from 2 to 2.25%) over the considered period: out of 119 4-digit manufacturing sec-
tors, 13 of them represent 95% of green production among EU countries.

Third, we rely on revealed comparative advantage measures and find that that green 
leaders are high-income countries where high-to-medium tech manufacturing industries 
are traditionally strong and environmental policies more stringent. Taken together with the 
divergent country specialisation on green and brown sectors, this result raises the concern 
that the EU green deal plan may exacerbate existing cross-country inequalities.

Last, we examine the drivers of green specialisation comparing the role of standard 
drivers considered by the literatures on trade specialisation and on environmental innova-
tion. Our results highlight a remarkable persistence in green specialisation suggesting that 
first-mover advantage is an important factor at play. Moreover, within similar 4-digit indus-
tries, green and non-green specialisations complement and reinforce each other. The role 
of such complementarities is clearly smaller than that of path dependency but corroborates 
the descriptive analysis pointing to the pre-existing advantage in certain high-to-medium 
tech sectors. Diversifying the portfolio of green products with comparative advantage is 
important for sustaining green specialisation. Finally, our analysis suggests that environ-
mental policies are more effective to building a lead start advantage in green industries 
rather than to creating a new comparative advantage for laggard countries.

A shortcoming of our analysis is that the data are limited to European countries. 
Because the index of comparative advantage is relative in nature and depends on the num-
ber of countries available in the data, there is limited cross-country variation in our data. 
This is compensated by the fact that we can study production at a highly detailed level of 
resolution and that our data include all production and not just export flows.

Another limitation of the PRODCOM data is that it only covers the production of 
manufactured goods and thus excludes the service sector. Leaving services out of our 
analysis means ignoring the largest part of European economies, some of which, such as 
knowledge intensive business sectors, may have a significant enabling role in the green 
economy. Finally, our analysis identifies green products based on their potential to ben-
efit the environment, and comparison with pollution intensity production is possible only 
at 2-digit  level of aggregation. Future research will greatly benefit from more disaggre-
gated information on the pollution content of production so that both output and process 
approaches can be used within the same analytical framework.
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