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1.Introduction

This paper provides new eviderafahe production and specializatiohenvironmentally friendly

goods across sectors and European countries over the périb@d52015. Understanding
comparative advantage in green production is particularly important in light of the growing policy
interest around the smlled green economy as a way to reconcile economic growth with
environmental preservation and climate changggation, which recently culminated in the
launchof the European Green Deal by the European Commidsmrelopinga headstart in the

green economwasalsoa strategic goal of the generous fiscal stimulus implemented by President
Obama after the greeecession, the scalled American Recovery and Reinvestment Adtich
soughtto build US technological leadership in new hidgmand products such as electric cars

and solar energy.

Despite its key strategicrola D FRXQWU\TV | XW X U Hta E6hBtIQiHtS\haVe s/ fldrQ H V V
limited the scope of empirical research on the green economy. The first contribution of our paper
is a consistent measure of green production that viartee countryyearsector (detailed-dligit

NACE rev. 2 sectors) level fananufactured good3.o this aim, in Section,2ve use a product

level dataset for the manufacturing sector compiled by Eurostat, called PRODCOM, and
harmonize it with a methodology proposedign Beveren, Bernard and Vandenbussche (2012)

To measure green production, we first use different lists of green products that have been proposed
during recent international negotiations at the World Trade Organization (WTQO). We refine these
lists by elminating green goods with double usatgereach our favourite list of green goods. To

the best or our knowledge, we are the first to use PRODCOM to study green production. Previous
works haveused produetevel data to study trade patterns in green produdtienet al, 2015;
Cantore and Cheng, 2018; Fraccascia, Giannoccaro and Albino, 2018; Tamini and Sorgho, 2018;
Mealy and Tgtelboym, 2019)and their effects on emission reduction at the country Igvel
ZugravuSoilita, 2018, 2019)We extend these works by assembling a new dataset that can be
used to highlight the firgrained structure of green production across sectors@amtries.

Empirical work on environmental innovation has mostly used patents oepelted measures of

firm innovation to build a proxy of green vs. ngreen specializatioJaffe and Palmer, 1997,

Popp, 2002; Veugelers, 201Ghisetti and Rennings, 2014; Nesta, Vona and Nicolli, 2014; Calel
and Dechezleprétre, 2016; Horbach, 2016; Conti et al., 20h&) choice is theorgonsistentas



most climatge.g. Nordhaus and Boyer, 20@#)endogenous growth modéésg. Bovenberg and
Smulders, 1995yive prominent importace in reducing the harmful environmental impacts of
productionto R&D-driven innovation However, from a policy perspective, the beneficial effects

of green specialization in terms of improved environmental quality, job creation and economic
growth depenan where production is located (diffusion stage) rather than on where knowledge
is created (innovation stagédditionally, from the perspective of innovation studies, it is well
known that not all knowledge is created through R&D investments and themtqu{Arundel

and Kabla, 1998; Jaffe and Trajtenberg, 20Dasi et al, 2017;) Other informal channels of
knowledge creatigrsuch as learninfy-doing and knowledge spillovemnay be equally, if not

more important, in explaining the dramatic improvements in pollution intensity thdtawe
observed irrecentdecadegLevinson, 2009; Brunel, 2017yVhile the causality nexus between
patented knowledge drproduction is clearlpidirectionaland too complex to be studied in this
exploratory study, we show how the use of new production data can provide important insights
into key patterns of green specialization.

In accounting for the evolution and struewf green production in Europe, we explore both the
industry and countrylevel heterogeneity containedtire PRODCOM data. In Section 3, we first
focus on industrfevel dynamics, which have been ignored by previous worlhtsiteated green
production as a unique aggregate se(foaccascia, Giannoccaro and Albino, 2018; Mealy and
Teytelboym, 2019; Zugrav8oilita, 2019)

Two findings stand out from our industigvel analysis. First, green production is extremely
concentrated in a set of higéch industries producingapital goodsWhenit comes tacaptuing
industry concentration, the devil is in the detailsti#2-digit level, 9 out of 26 industries have
positive green production. However, of the 118idit industries contained in those greedigit
industriesonly 21 are greerand 13of thoserepresent 95% dhetotal green production. We call
these 13 industries higireenpotential industriesandtheseare the focus of our analysis.

Second, we find that polluting and grgaonductionoccur in two separate sets of industries, which
are relateanly through intraindustry linkages such as the purchase of capital goods. This has an
important policy implication for the distributional effect of environmental policies. Not ardy

the seabrs that bear the cost of pollution taxes and standards different from the sectors that can
profit from these policies, but green sectalsoreceive the bulk of the subsidies for the green

economy.



In Section 4, we investigate the distribution of greed polluting production across countries to
shed light on whicltountrieswill be leaders in the green transition. In doing so, we build revealed
comparative advantagRCA) measures of green and brown production. Unsurprisingly, while the
average share gfeen productiom Europencreasd from 2% to 2.5%rom 19952015 northern
countries, especially Denmark, Austria, Sweden and Gernfawvgretaired a persistent green
comparative advantage. bontrast southerncountriesspecializein polluting industries. Only
Hungaryhas emerged asnew green player, with production concentrated in parts of turbines and
photovoltaic panels.

In Section 5, we investigatihe structural properties of green specialization in a multivariate
regression frameworkWe compare the role of three main drivers that have been examined by the
literature on green innovation using patef@sy., Popp, 2002; Nesta et al., 2014; Agheoral,

2016; Colombelli and Quatraro, 2019; Perruchas, Consoli and Barbieri; 2q2@)dependency;

ii. complementdty with proximate, norgreen capabilitiesand iii. diversification of the
knowledge baseConsistentwith the descriptive evidence, green specialization exhibits path
dependency: a 10% initial advantage in green spedializes associated with 6.2% advantage
eleven yearsater. Our regressions also reveal a complementarity between green agderan
specialization within the same narrowly definedidit industry, although the magnitude of the
association is muckmaller than that for pattependency. Finally, diversification matters in
sustaining green specialization, but it is quantitatively less important than having a minimum
threshold of productive green competences. In Section 6, we summarize our mairs fmdirige

main policyimplications.

2.A new measure of green production.

This section is organized as follows. In Section 2.1, we discuss the conceptuahisse@suing

green production. In Section 2.2, we present our main source of data, PRODCON $xlion
2.3, we discuss how to use PRODCOM to measure green production. Finally, Qettrahdates
our favourite list of green productswvhich we refer to alie PRODCOM list henceforth against

other measures.



2.1 Conceptual issues.

The definitionof green production presents several conceptual challengesiteltie theoretical
XQGHUVWDQGLQJ RI ZKDW 3JUHHQ" RU 3HQYLURQPHQWDOO\ IL
be operationalized to the data.

The first conceptual issue is whether vemsider an activity (i.e., a product or a service) green in
terms of the effective pollution content of productiprogcess approaghor in terms of its potential

to minimize the harmful impacts of production on the environmeumtip(t approach The first
approach is intuitiveas it defines the inverse of product greenmesa continuous scallased on

the pollution that is directly or indirectly generatéding production. The problem with this
approach is that it is very difficult, if not impossibte,reconstruct the pollution content of each
product(e.g., Sato, 2014Wwhich depends on the complex nexus of production along global value
chains(e.g., Wiedmanret al, 2011) The scholarship has sted to overcome these issues by
deploying inputoutput methodology and constring several datasets to assess the environmental
footprint of production. These datasets, however, include a limited number of countries, years and
highly aggregated sectordelding rather different estimates of pollution impacts of production
(Rodrigueset al, 2018)

The second approach emphasizes the potential functi@estain productthatcanbe beneficial

for the environment, and it is theferredapproachor defining most lists of green products or
activities. For instance, the Green Geaohd Service Survey (GGS) of the Bureau afbor
Statistics in the USvasbuilt using this definitiort. To highlight the difference between these two
approaches, one camonsiderwind turbines: even though they fulfil an unequivocally green
function, the process, emisstbased, approach would not consider them very greenodiine t

high pollution intensity of the iron that is necessary for their produd@imilar approachhas

been to identify a set of green tasks performed by the workforce in the Occupational Information
Network database (Dierdorét al, 2009;Consoliet al, 2016) but this approach is more suitable

for measuing green labour than green productidofia, Marin and Consoli, 20).9

Additionally, the identification ofwhich functions or tasks are beneficial to the environment

remains far from straightforward. Products fulfil functions that have different potential for

! See the technical note of the GGS surashttps://www.bls.gov/ggs/ggs_technote extendedPeéchenes (2013)
and Elliott and Lindley (2017jor details. The US Census Bureau also cardetithe Survey of Environmental
Products and Servicés 1992 which alsousedthe output approach to identify green products drawing on input from
both government agencies and the private sector; for more detBiésker and Shadbegian (2009)



https://www.bls.gov/ggs/ggs_technote_extended.pdf

reducing pollution based on their underlying technoldggndel, Horbach and Rennings (2007)
distinguish between products relying on ariepipe and integrated technologies, also referred to

as cleaner production technologies. On the one hand, the fdirmex the pollution from

production processes without changing these processes in essgncedstewater treatment,

air-quality control, catalytic converters or exhagas cleaning equipment). The problem of-end

of-pipe technologies is that they may generate emosdia substitution effects, e.gcrubbers and

filters reduce air pollutionut can negatively affect water and soil polluti@, 2017; Gibson,

2019) On the other hand, integrated technatésgorevent pollution at the source, replacing less

clean technologies: wind turbines are a clear example of this kipbdéict Such technologies

can be considered more beneficial for the environment due to their potential for reducing the
environmentalmpact of production processes across multiple industries.

Other examplesnclude the criteria proposed by Eurostat following an outpased approach:
environment protection, i,eDFWLYLWLHYVY WKDW 3KDYH DV WKHLU PDLQ S>
and HOLPLQDWLRQ RI SROOXWLRQ DQG RI DQ\ RWKHU GHJUDC
PDQDJHPHQW L H WKH 3SUHVHUYDWLRQ PDLQWHQDQFH D
UHVRXUFHVY DQG WKHUHIRUH WKH VDIHJXDU@Wwao3tat, RO1IGV KRV H L
p.15) This rather narrow definition may exclude other products that do notldifelfti either

criterionbut that reduce the environmental impact of other settors.

Finally, the same 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
management purposdsit they will not be green when used for other activitgtsenblik, 2005)

such as textile production thatwolvesintensive water consumption.

These issues make it difficult to @ina wellaccepted definition of what a green product is.
Operationalizing a definition of green productsmadeeven more difficult because standard
statistical classifications are not designed to separate environmémgald}y productgSteenblik,

2005; Sauvage, 2014This increases the likelihood that lists of green prtsdgontain false

negatives (products that are environmentally friendly but are excluded from the list) and false
positives (products that are not environmentally friendly but that are nonetheless included).

2 For example, LEDhatprovide lighting neither have a positive impact on the environment nor directly preserve the
depletion of the stock of natural resources. However, they are more energy efficient than traditional light bulbs and
therefore correspond to whatrostat's (2016, p.15s HILQHY DV 3 VHFRQGDU\ HQYLURQPHQWDO J
DUH 3VSHFLILH® OWR BH WVIRIUWH HQYLURQPHQWDOO\ IULHQGO\" WKDQ H[LVWL
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We propose to overcome, at least partially, tatadshortcomings and conceptual ambiguities
discussed above using a new dataset, PRODCOM, where product codes and descriptions are

available at a highly disaggregated level.

2.2 PRODCOM data.

Eurostat collects very detailed information on manufactupirogluction in Europe, considering

on average4,288 single products per yesFhe PRODCOM dataset is available for the years
between 1995 and 2015 for the core European countriel®, detailed dataon production in
Eastern European countrieasbeencollected from 2001 onward$.

For the purpose of identifying green production across countries and indubgieRODCOM
datapresent two practical advantages. Fitlse PRODCOM data are easily linkable to existing
lists of product codes that identifyegan products based on the green potential of their final use.
Second, the PRODCOM product classification is nested within the European industrial
classification NACE: each PRODCOM code is made of eight dities first four of which
correspond to NACE industry codes. This feature of the data allows assigning each product to a 4
or 2-digit industry andcomputingeach industr{ff $hare of green production, making the data
suitablefor studyng how green produatn is distributed not only across countries but also across
industries.

The use ofthe PRODCOMdataalso presents three important challenges. The first is that the
product coverage changes over time dugaé@ntry and exit of productsSecond, productocies
change over time due to constant statistical redefinition, withiple product codes merging into

a singlenew codeor one code splitting into several newexisting codes. Third, in 200&ere
wasa change in industry classification (from NACE .ré& to NACE rev. 2)with some products

changing industes at the 4-digit level between the two versions. As a result, by aggregating data

3 As we will discuss in this section, the coverage and number of product catieRODCOMdatavaries yearly,

so we report here the average number-dight product codes contained the PRODCOMdatabetween 1995 and

2015. It should also be noted thtlhe PRODCOMdataonly covers manufacturing production, which means that we
cannot include environmental services into our analysis.

4 Countries for which data from 199 isavailableinclude Austria, Belgium, Denmark, Finland, France, Germany,
Greece, Ireland, Italy, Portugal, Spain, Sweden and the United Kingdom. Fronor2@Qt data include: Bulgaria,

Croatia, Estonia, Hungary, Latvia, Lithuania, Romania, Slovakia and Slofefaad is included from 2003 onwards.

5 While entries and exits concern few products across all sectors, it should be noted that fuel and coke related products
are excluded fronthe PRODCOMdataup until 2005, leading to no information on the productiothefwhole 2

GLJLW VHFWRU 3FRNH DQG UHILQHG SHWURO’



at the 4digit industry level as we do in this study, the combination of changes in product codes
and of industryclassification may conflate genuine changes in production within an industry with

a statistical reallocation of products across industries.

We deal with these issues using the methodology developedabyBeveren, Bernard and
Vandenbussche (2012VBBV henceforth) to concordhe PRODCOM data over timeln
summary the VBBV methodology identifies chains of product codes that are linked by changes
RYHU WLPH DQG DWWULEXW dhdinDh&\ddesWdK thivge-ove Rtigiél A KéyR HD F |
advantage of this methodologytfstit solves problematic issues in trmnversionfrom NACE

rev. 1to NACE rev. 2% Indeed, each of these synthetic codes can be easily paired with a NACE
rev. 2 industry codetdhe 4-digit level, since these are the first 4 digitstoé PRODCOM codes

from 2008 onwards. Becausige synthetic codes do not change over time, weatanallocate
production values to NACE rev. 2 industries for the years preceding their introdwti@ring

the whole timespan dhe PRODCOMdata(19952015).

Another key advantage of the VBBV procedurthitit yieldsatime-consistent measure of green
production taking into account that green products nhaysplit into a green and a nameen
product or mergewith a norgreen product. An important example in the PRODCOM dataset is
wind turbines. Until 200,Avind turbinesvere FODVVLILHG XQGHU D UHVLGXDO KH
Q H,whichcontairedbothgreen and nogreen products. Only after 208&I the codesplit into

a nongreen product:JHQHUDWLQJ VHW pdwdiddradK ioWwepet [&/LsQaghition
LQWHUQDO FRPE XV Wh®Rayré&h prodge®I HQBUQ@N L Q $ RVAHWNHEZ L GE
conseqguence, we have information on the production of-piiveered generating sets only after

the year in which the split ocaed (2008), while before themvind turbinesverelumped together

with other generating sets. A similar issue applies wheeengand nogreen produciremergel

into a unique synthetic code.

To deal with this additional issue and impute the missing data on green productipwi(elg.
turbines before 2008), we first compute the average (cospayific) share ofthe green
production of the synthetic code that medge split over the three years after (before) the merge
(split). We then assign production proportionally to this share in the years for which we cannot

distinguish between green and ngneen production.

6 Eurostat provides a crosswalk between the two versions of NACE. However, such crosswalk is imperfect as it entails
manyto-many correspondences with some NACE rev 1 industries splitting and/or mengindNACE rev 2
industries.



2.3 Measuring green production usinghe PRODCOM data.

ThePRODCOM data are easily linkable to existing lists that identify green goods using the output
based approach described in Section 1. Historically, these lists emerged as part of international
negotations to reduce the tariffs on a set of goods that are crucial fecddvon transitions and
sustainable development in gendf&ITO, 2001; APEC, 2012)T'he rationale for this is the idea

that reducing tariffs on green products will reduce their cost and thus favour their difitvsidd

Bank, 2007; Hufbauer and Kim, 201 8specially in developing countriéButz and Sharma,

2012; World Bank, 2012)

The political economy of trade negotiations adds another source of ambiguity in determining what
is green to theomplex picture described in Section 2.1. Indeed, in compiling green goods lists
during trade negotiationsach country bargains to obtain tariff reductions for the gfmydghich

they have a comparative advantage, rather than on the basis bRtRe@ctu§lbeneficial effect

for the environmen(Balineau and de Melo 2011; de Melo and Solleder, 2018 inability to
reachan agreement on a final list of green goods was one of the reasons the trade negotiations on
environmental goodwasinterrupted in 2016 (European Commission, 2019).

Despite noteaching a final consensus, the negotiation process has produced several lists of green
goods. The most comprehensive is the Combined List of Environmental Goods (CLEG) of the
OECD, which isaunion of three lists: the Plurilateral Environmental Goods@enttices (PEGS)

list developed by the OECD itself, the list negotiated within the Asian Pacific Economic
Cooperation (APEC) forum and the list agreed upon by theaed WTO Friends groupThese
listsarecompiled using the Harmonized System (HS), tlstwidely used product classification
system for trade across countries. The HS classifies products ditht @odes and Eurostat
provides a crosswalk thhe PRODCOM data, which allows the identificationtbée PRODCOM

codes that are considered greaderthe CLEG.

We use an additional list of green goods that use the Eurostat criteria of environmental protection
and resource management described above. Although there is no official list of green products

"The case of bicyclelsas,in particular been at the centre of controversy within WTO negotiati@fsna and the
European Uniomavebeenunable to find a compromise around their inclusion, which contributed to the collapse of
trade talks in 2016European Commission, 2019)

8 The group is composed of Canada, the European Union, Japan, Korea, New Zealand, Norway, Switzerland, Chinese
Taipei, and the United States.



compiled by Eurostat, the liftom the German Statistical Office is used by Eurostat (2009) as an
example of a list following its criteria.

We consider the unioof the CLEG and German listo providea comprehensivést of potential
green goodghat consistsof 902 products. We refinehis very broad list to our favourite
PRODCOM list of green goodexcluding goods with multiple usagé do so, we review the
product descriptions the PRODCOM codes and exclude products with both green andneam
usages, such as tanks, industriams, basket@ndmats. Among the goods with double usage
we retainonly the machineries that are relatedthie monitoring and analysis of environmental
variables such as thermostats and apparatus equipmemtEosrologyand thechemical analysis

of water. These are included in all three lists that makkaPLEG, signalling a consensus around
their high green potential. Mogenerally instruments that provide information on environmental
variables are essential for controllingd minimizing the impact of production processes across
most industries.

Our cleaning procedure leaves us with 226nf 4288 products included the PRODCOMdata

and 902productdrom the union of the CLEG and German lists) products that we identijieas.

In the following section, we compare the PRODCOM list with other exifistgfo reinforce our

argumenfor usingthis list.

2.4 Validation of our measure.

In this section, we compare our favourite list with other alternative lists. Tdtésdists include

the CLEG andGermarnlists already discussed above, as well as otimere restrictive lists. We
discuss each of these lists in detail in Apperidisee TableA.1); broadly speaking, we compare

our own PRODCOM list with a set of broaderdi§€LEG, Germany, APEC, PEG and WT0O2009)

and of narrow lists (WTO Core andore CLEG). Table 1 correlates the dummy variables
indicating the presence of a certain product in a given list and reports the number of products

included in each list.

[Table 1 about here]

As expected, as we expand our definition of green prodirete is an increasing overlap among
the lists but as the definition is narrowed down, lists diverdentifying different sets of products.

10



While the correlation across broader lists (PEGS, APEC, WT0O2009 and Géid3)o be quite
high, narrower lists, such #se WTO Core andCoreCLEG lists, are weakly correlated with each
other. For instancethe WTO Core andCore CLEG lists shareonly one green product, i.e.
spectrometers using opticeddiation confirming once again the importance of environmental
monitoring activity.

Our PRODCOM list correlates rather strongly witte WTO2009list, as well as its narrow
version theWTO Corelist (with coefficients of 0.31)and with the PEGS list (0.57). We also find

a strong correlation coefficient (0.46) between our PRODCOM list aodealist that we define
asaunion oftheWTO Core andCoreCLEG lists. This implies that the PRODCOM listentifies

a large set of products that are included in either of the two most restrictiveftesieg additional
support to the reliability of our favourite list. To give a few examples, these products include end
of-pipe technologies such asachiney for purifying gases and liquids as well as integrated
technologiessuch assolar cells and monitoring equipment for physical and chemical analysis.
Interestingly, the correlation coefficient betwakaGerman list (also based on PRODC@itg

and the PRDCOM list is only 0.12which reflects the fact thtte *HUPDQ OLVW IROORZV (.
guidelines on environmental protection and resource managemediisregard the issue of
multiple usages

Figure 1 visually shows the overlap between our favoulR®BPCOM list, the broadest CLEG

list *HUPDQ\YV OLVW stx@&isMWeHinQtbat 19 Rut tef 147 products frorthe
German list that are not included in any other list andtbieea€LEG has several produgctsl0 out

of 605 that are not part of other lists. These prodagaininclude multtusage products such as

tanks, industrial ovens amdachineryfor sorting and grinding material.

[Figure 1 about here]

Thenarrowcore list is fully contained in the CLEG list, but it also shares products with the other
two lists. This suggests that there is a consensus around products includesbia tise and may
make it a credible alternative to our own PRODCOM likiwever, ve find that important green
products are not included in there list. Thecore list, in fact, focuses on products whose function
is to directly combapollution through the use a#ndof-pipe technologies (i.e., water and waste

management equipment) ratlthan on key integrated technologies (such as wind turbines). It also

11



leaves out secondary environmental products that offer more environmeuas#iinable mobility
options, such as bicycles, and environmental monitoring equipment.

In conclusion, ouown list seems more accurate than other available lists. On the ondiuat

lists, such atheCLEG, German and APEI3ts, include products with multiple negreen usage

On the other hand, narrow lists leave out integrated technologies such asinvinds, electric

cars and environmental monitoring equipment. The PRODCOM list we have compiled strikes a
balance between these two extremes by focusing on gisglge products ar including both
products that directly affect the environmeand products that provide greener production

processethatredue pollution across other industries.

3.Green production across industries and ‘ggken
potential industries.

A crucial advantage of the PRODCOM data is that it allth@sonstructiorof a measure of green
production at finggrained industry (4ligit NACE) and countryevels over two decades (1995
2015). We begin by exploring the industry dimension of the data using the share of green
productionrelative to total production as key statist To the best of our knowledge, by observing
green production at the prodtlevel within each industry, our paper is the figtcomputea
continuous measure of industrial greenness that varies along three dimensions {owalurgtsy

year). We shown what follows that using a continuous measure allog#® capture the high
degree of heterogeneity in green production across and within industries, espedtiedpat-

digit level.

3.1 Aggregatedndustries: green vs.brown production.

In Table 2, wefirst explore the variability of green producticaiggregating the data atdlyit
manufacturing sectors because this higher level of aggregation dhevemmparson of the
outputbased and emissidrased definitions of green production. We report the mean and standard

deviation of green shares for each industry, as well as the average GHG intensity. As mentioned

9 Gas turbines are included in the WTO list and so are also part of our PROMIGO®learly, their treatment 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. We choose to keep them in the main analysigrjintnedthat

the results are consistent by excluding them. These results are available upon request by the authors.
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in Section 2.2, the number of countries includethelPRCDCOM datais unbalanced, so for the
sectoral analysjsve focus on 2005, 2010 and 201d& which we have information for a balanced
panel.

We find that green production is highly concentrateaifew industries. While mostaigit sectors

(17 out of 26)have no production of green goods, four industries emerge as the key players in the
green transitioni. Computer, electronic and optical equipment, which includes photovoltaic
panels; ii. Electrical equipment, which includes equipment for the controtistribution of
electricity; iii. Machinery and equipment, which includes wind turbiestiv. Other transport
equipment, which includes railway stocks. Remarkably, these four industries representi®&% of
total green production (column 6).

Within these four industries, we also observe a rather high coefficient of variation (standard
deviation), which indicates a high degree of heterogeneity in green production across countries.
Over time, the average shares increase iofdlefour greenest indiiries which contrasts with

the stability of the average green share in other green industries. Overall, the diffusion of green
production tends to remain highly concentrated few industries rather than spreading across

industries.

[Table 2 abouthere]

Importantly, the four industries with a high green potential have a number of other characteristics
that make them of strategic interest for industrial policy in general. First, they are alebiigh
industries(Eurostat, 2015; GalindRueda and Verger, 2018)at have been found to have large

job multipliers(Moretti, 2010; Vona, Marin and Consoli, 2018)d to be conducive to economic
growth (Mcmillan, Rodrik and Verduzcésallo, 2014; Szirmai and Verspagen, 201S¢cond,
specialization in these sectors requires a broad set axpstng skills (Hidalgo et al, 2007;

Mealy and Teytelboym, 2019particularly engineering and technical skills that have also been
found to be prevalent in green jopgonaet al, 2018) Third, consistent with the fact that high

tech manufacturing has strong ingarctoral linkages with the rest of the econagfidirschman,

1958; Szirmai and Verspagen, 2016)ese four green dustries are rather upstream and serve
intermediate rather than final demand. Thisaiso consistent with evidence pointing to the
importance of the suppliers of machinery and electrical equipment for innovation in the renewable

energy sectofJacobsson and Bergek, 2004; Markard and Truffer, 2006)
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To helpwith the compaison of outputbased and procesmsed definitions of green production,

the last column of Table 2 reports greenhouse gas (GHG) intensity for the 2sdigie
manufacturing industries. We rely on the environmental accounts of the WorldQogauait
Database (WIOD) that includeeenergy and GHG content of domestic production of eadigi?
industry for 15 countries between 1995 and 280@/e compute GHG (GO N:0 and CH,
aggregated according to their global warming potential) intensity as the sum of direct and indirect
emissions per unit of value addiedm each industry, country and year. A wiktlown cluster of
brown industriestands at in terms of total (direct and indirect) emissigWdebe and Yamano,
2016; de Vries and Ferrarini, 201®oke and refined petroleum prodyotsher nonmetallic
mineral products chenicals and chemical produgtdasic pharmaceutical products and
pharmaceutical preparatig@sdbasic metals and the manufaatgrof fabricated metal products,
exceptmachinery In the remainder of this paper, we treat the entire produptimeresf these

brown industries as polluting (see AppenBixor details).

Remarkably, comparing columns 3 to 5 with column 8 of Tapleeobserve that there is a strong
inverse relation between green production and pollution intensity. This has two main implications
for our study. First, from a conceptual point of view, the process and ¢adpatl approaches to
defining what is green qaure completely different aspects of the green economy but are not in
contradiction with each other amlfact HQG XS LGHQWLI\LQJ VLPLODU 3JUHHQ
two approaches are clearly complementary for anadypolicy impacts and understang the
distributional effects of environmental policies. While the competitiveness of brown industries is
potentially harmed by an increase in environmental policy stringdeghezleprétre and Sato,
2017) green upstream sectors benefit from the indirect denfandoollution abatement
equipment, technical knefwvow and integrated technologi@dorbach, Rammer and Rennings,
2012; Vona,Marin and Consoli2019) Overall, the two welknown channels through which
environmental policies affect competitiveness, namilg cost channel (eventually leading to
relocating polluting industries abroad, i.e., fhalution havenhypothesis) and the innovation
channel (the secalled Portehypothesis Ambecet al, 2013) impact different sets of industries.

It follows that ambitious environmental policy will also impact countries differently, depending

0'we use the 2013 release thie WIOD, for which environmental accounts include information on embodied
emissions of GHG for the following courds: Austria, Belgium, Czech Republic, Denmark, Finland, France,
Germany, Hungary, Ireland, Italy, the Netherlands, Spain, Sweden and the UK. In ApRemelidiscuss in detail
how we compute GHG intensity using the WIOD, followidgrin and Vona (2019)
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on their productive structuseThe winners of such policies, i.e., countribat alreadyhavea
comparative advantage in green industries, may be different frolostres, i.e., countries wii

comparative advantage in brown industries.

3.2 Disaggregated industries: identifying highgreen-potential industries.

We compare green and polluting production atigits of aggregation due to data constraints
relatedto measures of pollution intensity. However, the high level of disaggregatigheof
PRODCOMdataallowsusto computethe shares ofjreenproduction for 4digit industries. This
is importantfor further understandg which specific industries green production is concentrated

in.
[Table 3 about here]

Table 3 reports statistics orddgit industries witha green production greater than zero in at least

one year. Table 3 confirms that green producticalse highly cancentrated at the-digit level,

of the 119 4digit industriesamongthe 2digit industries withagreen production greater than zero,

only 21 are green. Moreover, we find that 11 out of these 21 industries have a maximum green
productionof 100% i.e., fa at least one country and yegreen productionvasthe entirety of

the L Q G X pMduatiHi.

After ranking industries by their average share of green production, we observe a first group of
nine extremely green industriegsURP SELF\FOH DQG rmauddt@rings W R UAQLROQ H
domestic cooling and ventilation equipmenanufacturing )JRU WKHVH LQGXVWULHV
green share is above 25% asidot distanfrom the median, stheoutliers do not drivéheresults.
Moreover, there is always least onéndustrywith a countryyear observation with 100% green
production and the absolute loAgrm changes tend to be positiwgth the exception ofhosein

railway production. Finally, these industries represent 8304%btal green production. We then
observe a second group of four industriesluding the production of LEDs and PV panels (in
SHOHFWUR QL FmaRfRCBURMG H Qal kepresent another 11.7% tfe total green

production. The remaining eight industries account for less thaof 8@ total green production
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and always have mean shares of green production below;Gl4s they can be considered
marginally or indirectlygreen(like metal industries!

In the remainder of the papeve study green specialization and comparative advansagesg
focus on the 13 industries included in the first two growdsch we call high-greenpotential
industries These industries appear the most relevanintterstandindgiow green specialization
has evolved in EU countries over the last two decades. Note also that comparing green and non
green production within the same industry when the former represdgta very small share of
WKH LQGXVWU\fovi cahRWI®D @islBddiRgGrEdults when computing coulavel
averages that are weightedibglustryturnover. In fact, marginally green industries may Hagé
total productionrnumbersand be assigneldeavyweights that drive the averages at the country
level.}? However, forthe sake of completeness, Appendix replicates the main analyses of
Section 4 for the full set of green industries (in partigeeFiguresD.1, D.2 andD.3).

4 Concentration and specialization in green production.

In this sectionye exploit the crossountry variation in our data to study the spatial concentration
and specialization of higgreenpotential industries. We analyse green and-graen production
within high-greenpotential industries so that we can compare greemangreen products that

share the same industigvel characteristics.

4.1 Concentration of green production across countries.

We measure the concentration of green production with the Herfiitieddhman index (HHI),

which has been widely used in theelature on industrial organizatiofpaughety, 1990;
Matsumoto, Merlone and Szidarovszky, 2Q1pre recently,Perruchas, Consoli and Barbieri
(2020)applied this index to study the geographical concentration of green technologies. We use
the HHI index © compare the geographic diffusion of green production with that efyremsn

production within highgreenpotential industries.

1 In FigureC.1 and FigureC.2 in AppendixC we show that higlyreenpotential products represent a large share of
total green production across ctries and years. Looking at the product level in T&ble we also find that the top
three green products are remarkably similar across countries.

12We discuss this in more detail in AppenBixvhen comparing the concentratiwf green and negreen prduction

in FigureD.1.
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7KH ++, LQGH[ LV WKH VXPPDWLRQ RI HDFK FRXQW,lhdV VKDU

it varies between 0 (uniform distribution) and 1 (concentration of production in only one country):
G
** oL 1 Ga S;
Va3
where s; is the share of production in countriyn industryj. Because our interest is in comparing

green and nogreen production for each higjteenpotential 4digit industry, we compute a green

HHI (HHIg) using green production only and a rgneen HHI(HHIg) using norgreen production

RQO\ 7KH FRQFHQWUDWLRQ RI SURGXFWLRQ ZLWKLQ DQ LQC
such as economies of scale and capital intenitls we need a relative measure that, like an

exact matching procedure,imalnates industry characteristics correlated witie LQG XVWU\TV
concentration. To this end, we take the ratio between thg d&itdIHHhg:

** Y

** Y40

The relative HHI (** + 44, 4 ) iS above one if the production of green goods has a higher

THdoaul 't

concentration than that of nameen products in the samed@it industry. Note that within

industry comparisons are more appropriate t@mparisonbetween industrie®r understanithg
whethergreen production is different from nagmneen production. Indeed, if we were to compare

the concentration of total green and total Hgoeen production at éhcountrylevel, the results

ZRXOG EH GULYHQ E\ WKH FR X @wrdarpfoductiGnds/prévalerfaReS RV L W L |
high-tech and capitaihtensive industries that are typically more concentrated thargremmn

industries (see Table 2).

[Figure 2 about here]

In Figure 2, we plot the ratio of the green and-goeen HHIR for the weighted average of high
greenpotential industries, using industry turnoveraaseight to give more importance to larger
industries.The resultsare presented for all countries available in each year (solid line) as well as
for balanced panels of countries (dashed and dotted lines). We observe that at the beginning of our
samplegreen production in higreenpotential industries jon average30% more concentrated
relative to norgreen production in the same industries. The relative HHI, however, decreases over

the two decades covered by our analysis, reachahges near unityn the final years of our
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sample. The decreasing trend in the HIdIBb indicateshatgreen production has diffused across
Europe®® Our data do not allows to discern possible explanations for this pattern, although
product lifecycle theories may help explaime higher concentrations the production of goods
that ae at earlydevelopmenstageqVernon, 1966; Keppler, 1996In this vein, it appearthat
green productare at earlylife cycle stagesn the earlieryears of our datasetnd show higher
levels of concentration that decrease as they become more mature ov&yticoeparing the
two lines of theigure,we see thathe entry of Eastern Eopean countries (dashed lirdgesnot
contribute teexplainingthis pattern, while the financial crisis of 2008 acceletite diffusion of

green production across countries.

4.2 Specialization of green production across countries.

We compare the shaoé green production in higgreenpotential industries across countries to
detect the leaders of the green transition in Europe and the extent to which their advantage is
persistent. In Figure 3, we group countries based on size and geographic pofinbrat large

(panel A), small (panel B) and Eastern European (panel C) countrigs plad the evolution of

the 3yearmoving average of green production shares. As a benchmark, each panel also includes
the European (weighted by turnover) average cérgshares across all available countries in each
yearl4

Green production shares in higheenpotential industries rarely exceed 4%, with the exception

of Denmark which peaks at 9.5% in 2015. In terms of coyntinkings, those with the largest
shares ofgreen production are Denmark, Germany, the UK, Sweden, Austria and Hungary.
Because green production is concentrated in-tegh sectors, this finding resonates with the fact

that specialization in such sectors is highly persistent and path dependeadis are, with the
exception of Hungary, higlncome countriethatareat the technological frontier afévestrong
capabilities in higktech industries. This suggests that engineering and technical compgtences
which are corecompetencesor these mdustries may be easily reused in green production, a
hypothesis that we will explore thenext section

13 Obviously, this pattern masks significant levels of heterogeneity across sectors that, for sake of space, we discuss
in further detalil in Figur€.3 andC.4 of AppendixC.

1n compaing this with the shares of green production reported in Table 2 and 3, it is important to stress that Figure

3 reports countryevel shares, while Table 3 reports the shares of green production within each industry. It is then not
surprising that while we fid that the green share of production in the {gggenpotential industries fluctuates
between 8% and 79%, at the country legeden shares are much lower, hovering between 2% and 4%.
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Note that we also find high persistence in the green shares of productionnvelyibe due to the

fact that we observe a modest increase in the share of green production over the time period
considered: for the average green share of our full samelebservanincrease of 0.5 percentage

points from 2% to 2.5%. The lack of widespref#iffusion of green production is also related to

the emergence of China as a key player in the green ecqAdgigri, Aquino and Succurro, 2011;
Sawhney and Kahn, 2012; Liu and Goldstein, 2013)

It is also interesting that, compared to patesded measures of green shares across countries and
with the exception of Denmark, the ranking of other countries is rather diffespagially for
Hungary, whichs among the lowestountriesin terms ofshares of green patsfOECD, 2017)

Rather than depending upon the presence of green inventors, as proxied by patents, the location of
green production seems to rely on other sources of comparative advantage, such as labour costs
and the availability of skilled workers. These issues are clearly beyond the scope of this exploratory

study and are left for future work.

[Figure 3 about here]

Green shares of production are informataieoutthe importance that green goods have in
industrial production but do not measure green specializatthey do not entail a comparison
with a benchmark. RCA indexes are the most popular appfoadefining whether a country is
specialized or not in a given production or technology (Balassa, 1965; Cole, Elliott, and
Shimamoto, 2005; Hidalget al, 2007; Petralia, Balland, and Morrison, 2DIl/he RCA index is

computed as follows:

4 %yl A a Su;

where Uy vig the production of sectgiin countryi. The index normalizes éhproduction share of

sectorj in countryi by dividing it by the production share of sectarcross all countriedlote that

the economically significant threshold in this index isgbt of unity, which means that values

between 0 and 1 represent repecialization, whil&RCA values above &how specializatiorAs

D UHVXOW RI WKLV DV\PPHWU\ VWDWLVWLFDgveDd b\@hVHYV XVl

weight to values above orfPalum, Laursen and Villumse@998; Cole, Elliott and Shimamoto,
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2005; Yu, Cai and Leung, 2009)o fix this,Laursen (1998proposes boundg the index between

-1 and 1making it a symmetric RCA (SRCA) around &4 % vk 4 %WyvE s; (4 %WyvE s,

In what follows we use the SRCA, though we refer to it as RCAliersake ofconvenience.

We first use this index to assess the correlation between green and brown specializations.
Estimating such correlation is important to highlight the whsrand losers @mbitiousEuropean
environmental policies, such as the green new deal plan. The green RCA is cdnyytgating

green production from higgreenrpotential industries as a unique sector, ilg.vig thetotal green
production fromall high-greenpotential industries for each couniryLikewise, the brown RCA

is computedy treatingall of thepolluting industries defined in Table 2 as a single sector and by
considering albf their production brown.

In Figure 4, we plot green and brown RCA for selected years and divide coumtidsur
guadrantsWe choose 2001 as our earliest year bectusBRODCOM data are not available for
Eastern European countries in previous years. Countries in theftgoadrant have an RCA in

green production but not in polluting production. The-tight quadranshowscountries with an

RCA in bothtypes of productionthe bottoraright showscountries with an RCAnly in polluting
production and the bottoteft showscountries with an RCAn neithertype of productionWe

observe that the number of countries with a green RCA (i.e., those above the horizontal dashed
line) slowly increases between 2001 and 2010 (with Hungary and then Austria joining Sweden,
Germany and Damark) but remains quite stabdeerall Specialization in polluting industries
shows a much smaller dispersion, with most countries clustered around 0 (the vertical dashed line),
although brown specialization emerges in countries with lower income péa ¢apch as
Romania, Bulgaria, Greece) as well as in some traditional industrial economies (such as Italy and
Belgium). Importantly, the green and bromCAsare negatively correlatethdicating that they

often occur in different countries with an estteth slope always beyon@.45. This evidence
together withthe fact thatthe green leaders are mostly rich countrieslicates that the effect of

EU environmental policies may exacerbate the gap between the core and the periphery of Europe
in green sectors that will be strategic for future economic development.

In conclusion, green specialization at the country levgldraaveraggncreased over time and is
negatively correlated with specialization in polluting industries. However, the green vs. brown
comparison is mostly betweaector so it is silent on the important issue of the witkector

complementarity betven green and negreen specialization. To shed more light on this iszsie
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well as on the issue of patlependency in green specialization, in the next seatierperform a
multivariate regression analysis at the sebicountry level. This analysislalvs usto study the
relationship between green and rgneen RCA within the same industrgontrolling for sector
and country level characteristics.

5 Pathdependency and complementarity of green
comparative advantage.

Our descriptive analysis provides interesting and new insigtadshe structure and evolution of

green specialization. On the one hand, the aggregated increase in the share of green production is
associated with both a reduction in the spatial conceriraf green production across countries

and the consolidation of a few leaders that exhibit a green comparative advantage, suggesting that
despite its diffusion across Eurqgmgeen production is still characterized by a signifigaetth
dependency. On ¢hother handhegreen leaders are countribsitalready specialize in higtech

sectors producing capital equipment.

Previous research on green innovation seeks to understand the extent to whgreemon
NQRZOHGJH FDQ EH 3UHFR P Eph aett Greed @©dBnotogieEEppilti Rndvdry H O R
den Bergh (2011provide several examples: hybrid cars comfdioeexampleelectric propulsion
systems with internal combustion engines; similarly, photovoltaic fdmhines solar cells and

thin layer technologies. In the model##ppini and van den Bergh (201ig¢combining nofgreen
technologies to generate green innovation is the main channel through which companies can
escapebeinglocked in to brown technologies and successfully redirect technological change.
Theoetically, it is not clear whether what matters for green innovatidhdsise of non-green
knowledgethatis similar to green knowledge or the diversity loé kknowledge base that increases
opportunities for fruitful knowledge recombinatigWeitzman, 1998; Olsson and Frey, 2002;
Caminati, 2006)In empirical researcltheresults are still scant and mixed due to the difficulties

in measuring separate proxies of knowledge diversity and similarity for the green economy (e.g.,
Colombelli and Quatraro, 2019; Perruchas et al., 2£20).

15 perruchas, Consoli and Barbieri, (2040)d that countries are more likely to recombine their technological
capabilities into green ones that are close to their existing technological specialiatiombelli and Quatraro,
(2019)argue that because of the recombinant and complex nature of green innovation, the diversification of existing
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We contribute to this literature using productdatarather than patent data, thus focusing directly

on green specialization. Our goal is to investigate some structural properties of green specialization
in a horserace regression, comparing the role of three main drivers that have been examined by
the litelature on green innovation using patemntgath dependencyii. complementaty with
proximate capabilitiesandiii. diversification of the knowledge base. With this aim in mind, we

estimate the following equation for higfteenpotential sectors overétperiod 200201526

Z+4%g L UEA, (G HZs468Y, ; E 024 %3, 5; E UZKS4 %%, 50E

0 ZKS4 %3450 E 1y E Iy E G i (4)

where our dependent variable is (the log of)RI@A indicator forthe green production 4 %#y@

of countryi in sectorj at timet. The RCA index is now built for each sector and differeasiat
green and nogreen RCA (henceforth4 %fﬁ%.” The median share of green production is 0.27

in our estimation sample of higireenpotential industries, implying that there is enough variation

in the data to construct the ngreen RCA index4 %%% Igand Iy @are, respectively, country

year and secteyear dummies that account for unobserved shocks, such as the impact of the great
recession on different countries and the diffusion of green technologies in specific sectors.

Countryby-year dummies alsabsorb the effect of environmental policiasa flexible manner
which is beyond the scope of this paper. We take the natural logarithm of all variables of interest

capabilities is also importanbif the development of green technologies. The authors find that the diversification of
the stock of knowledge is conducive to the creation of greenugiarin Italian provinces.

16 Most EasérnEuropean countries enter in our dataset in 2001, with trepéra of Polangwhichis includedonly

from 2003 onwards. As a consequence, focusing on the year2R@6%llows us to have a balanced panel and to
compute presample means for all countries.

1”We compute an RCA for each higheenpotential industrypased on its green and ngreen production.

green RCA, respectively, and make these indexes symmetric aroundsahbmve.
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because it allowasto deal with the skewedness of certain variables includeduation (4) and,
at the same time, interpret the estimated coefficients as elasfitities.

For the explanatory variables, the main proxy of pdgpendency in green specialization is the
presample mean dhegreen RCA (4‘@‘@#@) computed for thgears 20022004. We interact the

pre VDPSOH PHDQ RI JUHHQ 5&% ZLWK WLPH GXHPFEHWWDBW VR W
time is, which is more coherent with the notion of patbpendency than using the lagged
dependent variablas in standard dynamigodels would be The presample mean alsmaptures
unobserved individual characteristics in a more flexible way than individual éXedtsfor

variables that are highly persistéBtundell, Griffith and van Reenen, 1995)

The degree of complementarity between green anegreen capabilities is captured the level

of nongreen RCA within the same fodigit sector and lagged one yeat %%%._,5;. Taking the

level of nongreenspecialization within the same detailedligit sector represents a natural way

to measure capabilities that are similagteenones A priori, the effect of having a stronger Ron

green RCAon green specializatiae unclear. It can be positive if themgreen competences can

be replicated and successfully used to create a green comparative advantage within the same sector.
It can be negative if there is competition betw#egreen and nogreen uses of a similar pool

of competences. Whildeterminingwhich effect would prevail is an empirical issue that we will
explore through equation (4), the unconditional correlation between gr%@tgand nonRgreen

4 %%is rather high (0.51}hus we expect stronger negreen capabilities within the same sector

to be a driver of green comparative advantage.

7R FDSWXUH GLYHUVLILFDWLRQ LQ D FRXQWU\TV FRPSHWHQF
number of products with comparative advantaaggin differentiatingoetweengreen and non

green RCA. Green (norgreen) diversification is measured with the number of greengneem)

products witha symmetrical RCA>0, i.e., above the threshold to designate a castiavinga
comparative advantador that product at timeéPF s( S4 %%@5and S4 %fﬁ%?sfor green and
non-green diversificationrespectively). We argue, in line with the wefitablished literature on
structural changehat countries that specialize in productsdabasn their productive capabilities
(Hidalgo et al, 2007; Hidalgo and Hausmann, 2008hd thereforethe number of green goods

8 For the RCA, we take the log(2+RCA) so that an RCA equdl t® set equal to 0, while fone other variablesve
takethe log(1+x). While symmetric RCfare usually transformed in logs, we choos&aosformthemin order to
facilitate the interpretation of the coefficients in terms of elasticities.

23



produced witranRCA within each countrndustry, will capture the beadth of green productive
capabilities.

Given the high skewness in the distribution of the number of productsawi®CA, we also
consider a specification where we replace the number of greeig(een) products witatnRCA

with a dummy equal to one if the country produces at least one greegréen) product witlan

RCA in the previous year. Tabel in AppendixE reports summary statistics for the variables
included in the regressions, which confirm the high skewokesee distribution of the number of
products withanRCA.

Table 4 presents the estimation of equaf@)nNote that we do not weigh the estimates by turnover
in orderto avoid giving excessive importance to larger countries, which have higher turmover i
all sectors. The estimated coefficients ttausbe interpreted as unweighted average associations.
We add the variables of interest sequentially to assess the contribution of each variable of interest

and how it interacts with otheariables

[Table 4 about here]

The first finding is a remarkable persistence in lteadstart in green specialization, although
adding proxies for complementarity and diversification significantly reduces the importahee of
initial conditions. The first column showsathin eleven years, the elasticity of initial conditions
declines from 0.97 to 0.62. This implies that, conditional on country and sector trends, an initial
green advantage of 10% continues to explain as much as a 6.2% difference in green RCA after
elevenyears. In our favourite specification column 3, although these associati@ne almost
halved, a 10%head starstill explains a 3.7% difference in green specialization eleven years later.
In TableE.2 in AppendixE, we replicate the same analysis floe nongreen RCA in the same
high-greenpotential industries. Interestingly, ngneen specialization is more patlependent

than greerspecializationafter eleven years, the elasticity of initial conditions is 0.45 versus 0.37
in our favourite specificain (see Tabl&.2 in theAppendix). This implies that within a group of
technologically advanced sectors such as the-fighnpotential sectors the comparative
advantagef green products is slightly more fluid than tb&dhon-green products.

Our second finding is that green and rgmeen specialization reinforce each other. As expected,
afterwe control for pattrdependency and country and sector trends, the degree of complementarity

is substantially lower than the unconditiocalrelationof 0.51 An increase of 10% in the non
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green RCA explains a difference of 0.95%tlme green RCA (column 3), which ,ilowever
significantly larger than the degree of complementabgpweengreenand nongreen RCA
obtained in Tabl&.2 (i.e., 0.7%). In theppendix, we show that the complementarity effect holds
whenthe dependent variablkenot logtransformedTableE.3) andwithout transforming the RCA

in a symmetric index (Tabl&.4). In contrastthe effect is weakened when we weight the
regressiorbasedon the size of the sector (Tabe5) or include marginally green sectors in our
analysis (Tabl&.6). Recall, however, that marginally green sexatepresent less than 5% of total
green production.

The third result is that only greegelated diversificaon matters. The role of green diversification

is sizeableas testified by the size of the estimated elasticity, e.g., 0.26 (column 3). Importantly,
this correlation is conditional on the initial level of green specialization; thus, only countries that
are successful in diversifying green productions are able totkegapnitial head start. When we
look at whether a countisector has at least one product withRCA, beit green or no-green
instead oftits level of diversification, we find that having at least one green producaniRICA

is positively associatedith subsequent green specialization (column 4). This suggests that it is
important to have a minimurthresholdof green capabilities to sash and reinforce a green
specialization path. Indeed, this threshold effect is quantitatively more important than green
diversification per se when we add both to the regression (column 5).

Overall,leadng in at least one green product and diversifyingeg production is importamor
sustaiiing green specialization, but the formesignificantly moramportantthan the latter. While
these regressions provide interesting insigtitsthe structure and evolution of green comparative
advantage, we do hexamine in detail the causes of sadvantagesr their interactions with the

structural characteristics highlighted heBechwork is left to future research.

6 Conclusions.

This paper presents new stylizddtaon the structure and evolution of specialization in green
productionsby assembling a new dataset based on the PRODCOM dataset of Ewvbgtht,
allows us to examine variation in green production across detailed sectalgi{4ANACE),
countries i the EU) and years (1998015). We construct a favourite list of green products by

comparing and synthetizing several existing lists of green goods proposed during recent

25



international negotiations at the™®. Our main criterion is excluding green goods withulle

usags from our final list as this is the most challenging issue in the debate on the definition of
what is green.

By exploiting the richness of our data, we are the first to study the distribution of green production
acrossboth sectors and countse Our first finding is that there is virtually no overlap between
green production and the (direct and indirect) pollution intensity acrosgigidNACE industries.

This result has two important implications. Fiistthe debate on the definition of atis green,

the process and outpbtised approaches capture different aspects of the green economy but are
QRW LQ FRQWUDGLFWLRQ ZLWK HDFK RWKHU DQG iHQeG XS LG}
design of environmental policiedhewinners ad losers will be different, raising the issue of the
distributional effects of such policies becatise sectors receiving green subsidies are different
from those paying environmental taxes. The analysis of the revealed green and brown comparative
advantge indicates that, indeed, European countries tend to specialize either in green or brown
sectors.

The second result is that green production is and remains highly concentratésivirsectors
despitean average increase of 25% (from 2% to 2.5%) oveirtteeperiod considered: out of 119
4-digit manufacturing sectors, X8 themrepresent 95% of European green production and are
those where green production heeenmostdiffused. This result qualifies the policy implication
above as these higigreenpotential sectors are higiech, producecapital goodsare large job
multipliers andhavestrong intersectoral linkages with the rest of the economy. They are also
relatively upstream sectors that can enhance the environmental sustainability of othe@egndust

by making production processes less harmful to the environment.

Third, since greeproductionis likely to require competences and skdimilar to thosausedin
non-green production in higgreenpotential industries, oURCA measure indicates thgteen

leaders are countriesich as Germany, Denmark, Sweden and Austhiere hightech sectors

were already strong. However, we also observe that the existence of persistent green leaders
coexists with the general fact that, on average, green productibe 13 highgreenpotential
industrieshasbecome less concentrated over time. In this respect, the fact that ccodatanly
European countries represents a limitation bectnessoncentration of production and catching

up are affected by other major players in green industries such as China, Japan artddahed)S

do not observe and cannot take into account in our analysis.

26



Finally, we consolidate these facts in a multivarieggression framework where we seek to
compare the structural determinants of green specialization. Not surprisingly, we find a remarkable
pathdependency in green specializattbatis, however lower than the patdependency in nen

green specializatiomithe same higlgreenpotential industries, indicating that the leickin green
specialization is lesggid than that in nofgreen specialization. Second, within similadigit
industies green and negreen specializationsomplementand reinforce edcother. The role of

such complementarities is clearly smaller than that of p@gpendency butorroborateshe
descriptive analysis pointing to the gristing advantage in certain higgch sectors. Third,
actingasaleader in at least one green protand diversifying green production are important
sustailing green specialization, but the formesignificantly more@mportantthan the latter. As a
result, it is better for a country fost specialize in one green good and then moveoaneating

new comparative advantages.

A possible shortcoming of our analysis is that the country coverage is limited to European
countries. Because the index of comparative advantage is relative in nature and depends on the
number of countries availablethedata, there is limited crogountry variation in our data. While

an extension of our analysis to trade datdasned the advantage of studying green specialization
with limited crosscountry variation is that we can be the first to study gpreduction and not

only green tradén detail Another limitation of the PRODCOM data is that it only covibres
production of manufactured goodad thusexclucesthe service sector. Leaving services out of
our analysis also means ignoring the largestqgfdEuropean economies, some of which may have

a significant positive rolen the green economy. Finally, our analysis identifies green products
based on their potential to benefit the environmant comparison with pollution intensity
production is posible only at 2 digits of aggregation. Future research will greatly benefit from
more disaggregated information the pollution content of production.
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Tables and Figures

Table 1: Correlation table among green product lists.
CLEG WTO2009 PEGS PRODCOM APEC Germany COf€(WTO+ WTO  CLEG

CLEG) Core Core
CLEG 1
WTO 2009 0.84** 1
PEGS 0.73* 0.47* 1
PRODCOM 0.5** 0.31** 0.57** 1
APEC 0.46** 0.49** 0.41* 0.32** 1
Germany 0.16** 0.15* 0.14** 0.12** 0.17** 1
Core (WTO + CLEG) 0.37* 0.37* 0.35* 0.46** 0.44*  0.13** 1
WTO Core 0.29** 0.25** 0.27** 0.31** 0.16**  0.04* 0.77* 1
CLEG Core 0.23** 0.28** 0.24** 0.35** 0.51*  0.16* 0.65** 0.03** 1
Number of goods 820 605 471 225 206 147 123 78 47

Notes:DXWKRUVY RZQ FDOFXODWLRQ RQ 352'&20 GDWD 7KH WDEOH UHSRUWYV cde Rfladeft@rDproduRtQn
given list across different lists. The last row reports the number of PRODCOM product codes witlgreeacproduct lisEor further details about the lists of gre:
goods, see Appendi. *p<0.05 ** p<0.01.



Table 2: Green and polluting production bdigit industries.

NACE Label Mean green) Mean green) Mean green JiEE | RS | AR
share 2005| share 2010| share 2015 production | 20052015 intensity
28 Machinery and equipment n.e.c. (8822) (818%) (8112) 0.31 0.027 0.54
Computer, electronic and optical 0.069 0.121 0.103
26| products (0.06) 0.131) | (0.076) 0.21 0.034 0.3
27 Electrical equipment (8122) (8332) (8;?% 0.21 0.054 0.3
30 Other transport equipment (8382) (834112) ((;)'33384) 0.13 0.098 0.61
- . . 0.022 0.033 0.028
33 Repair, u;stf;lllatlon Iof macorlnnery (0.031) (0.024) (0.026) 0.04 0.006 0.74
Motor vehicles, trailers and semi 0.002 0.007 0.003
29 | yrailers (0.01) 0.031) | (0.011) 0.01 0.001 0.61
31 Furniture 0 (0) 0 (0) 0 (0) 0 0 0.74
32 Other manufacturing 0 (0) 0(0) 0(0) 0 0 0.74
16 Prqd_ucts of wood, cork, straw, 0(0) 0(0) 0(0) 0 0 0.88
plaiting
22 Rubber and plastic products 0 (0) 0 (0) 0 (0) 0 0 0.94
13 Textiles 0 (0) 0 (0) 0 (0) 0 0 0.97
14 Wearing apparel 0 (0) 0 (0) 0 (0) 0 0 0.97
15 Leather and related products 0(0) 0(0) 0(0) 0 0 0.97
17 Paper and paper products 0 (0) 0 (0) 0 (0) 0 0 1.18
Printing and reproduction of
18 recorded media 0 (0) 0 (0) 0 (0) 0 0 1.18
10 Food products 0 (0) 0 (0) 0 (0) 0 0 1.45
11 Beverages 0 (0) 0(0) 0(0) 0 0 1.45
12 Tobacco products 0 (0) 0 (0) 0 (0) 0 0 1.45
Polluting industries
19 Coke and refined petroleum produg . 0 (0) 0 (0) 0 . 44.99
S 0.029 0.033 0.033
23 Other noametallic mineral products (0.029) (0.022) (0.026) 0.05 0.003 7.78
20 Chemicals and chemical products 0 (0) 0(0) 0 (0) 0 0 5.11
21 Basic pharma. products, preparatio 0 (0) 0(0) 0(0) 0 0 5.11
Fabricated metal products, exc. 0.018 0.019 0.017
25 | machinery 0018) | (0.016) | (0.014) 0.04 -0.001 4.23
. 0.006 0.007 0.008
24 Basic metals (0.021) (0.023) (0.03) 0.01 0.002 4.23

I1RWHV $XWKRUVY HODERUDWLRQ RQ 352'&20 GDWD 7KH GHILQLWLRI@ ddé¢ calet PROODEOR B Kduve V. CoMim
3 to 5 report the mean green share of production with the standard dewidifackets of each industry for the years 2005,2010 and 2015, respe@olatyandrefined

petroleumSURGXFWYV LV QRW LQFOXGHG LQ 352'&20 XQWLO DV 352'&20 FRYHU Dgrétiucty. Q@R 6/répart
the share that green production of each industry represents in total green production. Absolute changes 2008I|HU WR LQGXVWULHVY DYHU
Polluting industries are identified as the 5 industries with the highest averagin@r8&ty computed with WIOD, for further detail see Apperislix
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Table 3: Distribution of green production shares across green industries at 4 digits NACE

Standard Change | Change | Share of
NACE Label Mean Median Max deviation 1995 200% green
2015 2015 production
High green potential industries

3092 | Manufacture of bicycles and invalid 0.79 0.82 1 0.24 0.03 0.02 2.98
carriages

3020 Manufacture of railway locomotives ang 0.7 08 1 0.28 0.02 01 953
rolling stock

2530 | Manufacture of steam generatoescept | ) oo 0.54 1 0.35 0.11 0.2 1.82
central heating hot water boilers

2312 | Shaping and processing of flat glass 0.39 0.34 1 0.3 0.02 0.05 4.61

2712 Manufacture of electricity distribution 0.39 0.34 1 0.23 0.01 0.04 16.09
and control apparatus
Manufacture of instruments and

2651 | appliances for measuring, testing and 0.37 0.37 1 0.19 0.01 -0.01 17.46
navigation

og11 | Manufacture of engines and turbines, | 5q 0.19 1 0.31 0.19 0.1 12.8
except aircraft, vehicle and cycle engin

2829 | Manufacture obther generapurpose 0.29 0.24 1 0.22 0.04 0.03 7.4
machinery n.e.c.

2825 | Manufacture of noiomestic cooling 0.28 0.28 1 0.18 0.01 0.01 10.67
and ventilation equipment

011 | Manufacture of electronic 0.14 0.01 1 0.27 0.09 0.09 3.67
components

2740 | Manufacture of electric lighting 0.13 0.12 0.63 0.1 0.05 0.04 3.32
equipment

2752 | Manufacture of norelectric domestic 0.11 0.03 05 014 | -0.12 0.1 1.01
appliances

3320 Installatlon of industrial machinery and 0.08 0.06 0.67 0.08 0.07 0.08 38
equipment

Marginally green industries

2410 Manufacture of basic iron and steel anq 0.04 0 1 0.18 0.02 0.02 0.62
of ferro-alloys

2751 | Manufacture of electric domestic 0.04 0 0.91 0.11 0.01 0.01 0.46
appliances

2511 Manufacture of metal structures and pg 0.03 0.03 0.19 0.03 0 0 1.99
of structures

2599 Manufacture of other fabricated metal 0.02 0.01 0.29 0.04 0.01 001 059
products n.e.c.

2351 | Manufacture of cement 0.01 0 0.34 0.05 0.04 0.02 0.23

2910 | Manufacture of motor vehicles 0.01 0 0.51 0.04 0.01 0.01 0.76

2711 Manufacture of electric motors, 0.00047 0 0.04 0 0 0 0.03
generators and transformers

2899 | Manufacture of other specialirpose 0.00239 0 0.1 0.01 0.01 0.01 0.19
machinery n.e.c.

Notes: $XWKRUVY HODERUDWLRQ RQ 35d géed pedumsised Kere i€ ékplai@dd\Wi Is&ctipn 2 and it is the one called PROD(
Figure 1. Average, median, maximum and standard deviation are computed over all available countries and y2845{166bimns 7 and 8 report chanc
in the aveage green share for 192815 and 2002015 respectively. The last column reports for each industry the share it represents in total green pi
across all industries, countries and years.
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Table 4:Pathdependencyf green RCA and complementantyth nongreen RCA.

€)) ) (©) (4) Q)

0.974%*  0.023%*  0.622%*  0.541%*  0.526***
(0.0291)  (0.0335)  (0.0432)  (0.0413)  (0.0418)
0.916%*  0.864%*  0.591%*  (0.522%*  (.509%
(0.0415)  (0.0450)  (0.0507)  (0.0494)  (0.0495)
0.865%*  0.811%*  0.568%*  0.502%*  0.492%
(0.0496)  (0.0528)  (0.0566)  (0.0570)  (0.0565)
0.830%*  0.773%*  0.546**  0.485%*  0.475%
(0.0545)  (0.0573)  (0.0601)  (0.0592)  (0.0590)
0.810%*  0.754%*  0.499**  0.443%*  0.428**
(0.0578)  (0.0606)  (0.0625)  (0.0583)  (0.0584)
0.776%*  0.723%*  0.479%*  0.416%*  0.405**
(0.0558)  (0.0576)  (0.0605)  (0.0580)  (0.0579)
0.738%*  0.687**  0.444**  (0.388%*  0.375%
(0.0587)  (0.0599)  (0.0622)  (0.0578)  (0.0580)
0.707%*  0.656%*  0.457%*  0.425%*  (.412%*
(0.0611)  (0.0620)  (0.0580)  (0.0505)  (0.0510)
0.679%*  0.627**  0.420%*  0.376%*  0.365***
(0.0642)  (0.0650)  (0.0628)  (0.0555)  (0.0559)
0.649%*  0.599%*  0.405**  0.365%*  0.355%*
(0.0670)  (0.0674)  (0.0635)  (0.0572)  (0.0576)
0.625%  (0.573%*  0.367%*  0.332%*  0.319%
(0.0725)  (0.0725)  (0.0677)  (0.0609)  (0.0614)

0.155**  0.0947*  0.107**  0.0743*

(0.0435)  (0.0449)  (0.0394)  (0.0426)

Presample green RCA (log) * 2005
Presample green RCA (log) * 2006
Presample green RCA (log) * 2007
Presample green RCA (log) * 2008
Presample green RCA (log) * 2009
Presample green RCA (log) * 2010
Presample green RCA (log) * 2011
Presample green RCA (log) * 2012
Presample green RCA (log) * 2013
Presample green RCA (log) * 2014
Presample green RCA (log) * 2015

Non-green RCA; (log)

Number of green products with R€4(log) (2023(2)::) 0(8709242*;
Number of norgreen products with RGA (log) ((())(())355’)3? (ggigg)

0.300%*  0.237*
(0.0211)  (0.0254)
0.0104  0.00978
(0.0186)  (0.0208)
0.117**  0.0678**  0.0805***  0.0634**  0.0646**

Dummy for at least one green product with RC€A

Dummy for at least one non green product with RCA

Constant

(0.0236) (0.0260) (0.0216) (0.0200) (0.0198)
Observations 3,289 3,289 3,289 3,289 3,289
R-squared 0.676 0.687 0.767 0.789 0.793

Notes:Presample mean computed for the years 20004, for Poland only for 2003004 due to data constraints. All explanatc
variables, except the psample mean, are lagged by one year. Estimation time span i2Q0B5RCA are symmetrical arour
0 and thdogarithm is taken of RCA+2. Countiear and secteyear fixed effects are included in all estimat®sndard errors
are clustered at the country level and repoirtiguarentheses *** p<0.01, ** p<0.05, * p<0.1
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Figure 1: Overlap of PRODCOIgroduct codes among selected lists of green goods.

Germany Prodcom

CLEG Core

Notes: $XWKRUVY HODERUDWLRQ RQ 352'&20 GDWD 7KH ILJXUH GHSLFWV WKH RYHU
numbers represent the number of PRODCOM product code that fall within eachneafegdurther details about the lists of green
goods see Appendix.
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Figure 2:Average réio of green and negreen HHI in highgreen potential industrieseighted
RQ LQGXVWULHVY WXUQRYHU

All available
countries

.. Balanced panel
from'95

0.9

0.8

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
Notes: $XWKRUVY HODERUDW L Rig FyQre3&pdrt& the acye bf HHIR in hggken potential industries using
LQGXVWULHVY WXUQRYHU DV ZHLJKWYVY :H FRPSXWH ++,5 DFURVYVY DOOCxDYDLODEOI
countries for which we have a balanced panehfi®95: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland,
Italy, Portugal, Spain, Sweden, United Kingdom. The horizontal dashed line indicates the unity.
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moving averages. We only use green production from-gigken potential industries as idiéied in Table 3. EUR is the European average of green shares across all available
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Figure 4: Green and polluting RCA across countries and over time.
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as identified in Table 3. Polluting production is total production from polluting industries identified in Table 2CAseaRe computed following formula 3 are made symmetrical
around 0 and bounded betwednand 1, the value of 0 indicates therefore whether a country has successfully specialized in green production. We this@oeffaient of a
regression of greeRCA on polluting RCA for each year.
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Appendix(for online publication)

A. Lists of green products.

In this Appendix, we provide additionaiformation on the listaised to identify our favourite
PRODCOM list and for the validation analysis of Section 24 we detail in section 2 our
universe of potential lists is the union of the CLEG list and German list. CLEG is the result of the
union of three broader lists tfe Asia and Pacific Economic Cooperation (APEC) forum, WTO
JULHQGVY OLVW DQG 30XULODWHUDO (QYLURQPHQWDO *RRGWV
In 2012, the APEC membghave committed to reduce tariffs on green goods to 5% at the most,
in the Vladivostok declaratiofAPEC, 2012)*° The APEClIist is one of the most commonly used

list in investigating the role of trade in green products on pollyoigravuSoilita, 2018; Mealy

and Teytelboym, 2019Negotiations within the WTO have led to the creation of several lists, of
ZKLFK WKH :72 d)fitbmR2QD& Angl it®radfe narrow subset WTO core have also received
considerable attentiofBauvage, 2014; Mealy and Teytelboym, 20Fally, the PEGS list has

been developed by the OECD in preparation for the Toron®sG&imit in 2010 and among the
three lists included in CLEG is the only one that is not the outcome of international trade
negotiations, whiclaswe have discussed in section 2 can impact what products are included in
the final list.

As we have discussed the main text, a key challenge with these product lists is that the HS
classification is not designed to isolate green products and therefore thergsk thagreen and
nongreen products may be lumped together under the same productrcotieerwords it is
possible that a given product code may cover both green angreen productdn order to deal
ZLWK WKLV WKH 2(&" KDV UHOLHG RQ H[SHUWVY DGYLFH DQG
the CLEG list to identify those that are less likely to be affected by this issue. OECD experts have
provided an estimate of the proportiohtade flows taking place undeachproduct code that
corresponds to trade of green gootlsey have used two threshol@3 and1/3 to put forward

two narrow lists CLEG Core and CLEG Core Plus, respectively.

19 APEC members are: Australia, Brunei, Canada, Indonesia, Japan, South Korea, Malaysia, New Zealand,
Philippines, Singapore, Thailand, the United States, Taiwan, Hong Kong, China, Mexico, Papua New Guinea, Chile,
Peru, Russia and Vietnam.
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To give an example of how these two litsat products differently, we can think afacuum
pumpsthatinclude both pumps that can be used for environmentally friendly functions, such as
water management, as well as in other production processes that have no positive impact on the
environmentln this specific case the OECD experts have estimated that more3#taous less

than &% of all traded vacuum pumps are actually used to fulfil environmental actiVitiesefore

the OECD has included this product in the CLEG Core plus list but noei@LEG Coreln light

of this ambiguity, vacuum pumps are not included in our own list, as they do not respect the
criterium of no multiple usage.

To recap, we have a set of broad lists (CLEG, WT0O2009, APEC, PEGS and German list) and a
set of narrow list (CLEG Core, CLEG Core Plus and WTO Core). This multitude of lists reflects
the lack of agreement on a definition of green prodWftspresenall the lists we have discussed
herein TableA.l.
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TableA.1 +Green lists

List

Year

N. of Products

Description

Negotiated

Organization

CLEG

2014

820

The list has been compiled by
Sauvage (2014nergingWTO
Friends, PEGS and APEC.

No

OEDC

WTO Friends

2009

605

This list has been negotiated by a
smaller group of higtincome
economies within the WTO

Yes

WTO

PEGS

2010

471

The list has been compiled by
OECD with a focus on renewable
energies

No

OECD

APEC

2012

206

Countries member of APEC have
negotiated this list agreeing to
reduce tariffs on the products
included down to at least 5%

Yes

APEC

WTO Core

2011

78

This is more restrictive list that ha
been negotiated within WTO
during negotiations towards a
comprénensive free trade
agreement on environmental googq

Yes

WTO

CLEG Core

2014

163

This is a more restrictive version ¢
CLEG compiled by OECD experts
with the aim of dealing with the
issue of multiple usage. It only
includes product codes for which ¢
least1/3 of the associated trade
flows consists of green products.

No

OECD

CLEG Core

2014

47

This is a evenmore restrictive
version of CLEG compiled by
OECD experts with the aim of
dealing with the issue of multiple
usagelt only includes product
codes for which at least 60% of th
associated trade flows consists of
green products.

No

OECD

Germarnlist

2009

147

The list has been compiled by
*HUPDQ\TV VWDWLVV
DFFRUGDQFH ZLWK (
of environmental protection and

resource management.

No

German
National
Statistical
Office

I1RWHV $XWKRUVY HODERUDWLRQ RQ 352'&20 GDWD
the number of PRODCOM codes it contains, a bdescription of the list, whether it is the outcome of tr:
negotiations and which organization has compiled it. All lists in the table are based on the HS product class
HI[FHSW IRU *HUPDQ\YV OLVW WKDW LV FRPSLQiHBe AU oBraduetd 6
HDFK OLVW ZH KDYH UHOLHG RQ FURVVZDONV EHWZHHQ +6 DQ
PRODCOM and CN, provided by Eurostat.

JRU HDFK O
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B. More details on polluting industries

We compute our measure of polluting industry using the 2013 WIOD release, which includes
LQIRUPDWLRQ RQ FRXQWULHVYT DQG LQGXVWULHVY JUHHQKR
intensity. We followMarin and Vona (2019nd compute GHG (C02, N20 and Claggregated
according to their global warming potential) intensity as the sum of direct and indirect GHG
emissions per unit of value added of eawdustry, country and year. Direct emissions are those
associated to the production of each sector, indirect emissions are those embodied in the purchases
of electricity from the power sector of each industry (which we compute using-onfuut
technicécoefficients).

The WIOD classifies industries using the ISIC rev 3.1, for which an official crosswalk only exists
with NACE rev. 1, given the high level of aggregation (less than two tGEGE rev.2), it is also
straightforward to match WIOD data with NACE rev. 2 industries, which is l@siRIC rev. 4.
Because of the high level of aggregation of WIOD we consider that the entire production of brown
industries is polluting. However, we exploit our figeined data at thedigit level data to slightly

refine this coarselassification of brown industries by excluding the processing of nuclear fuel
from basic metamanufacturingandthe production of pharmaceutical products and preparation
from the chencal sector. The pharmaceutical and chemical sector have the same pollution
intensity in the WIOD data, because the two sectors are lumped together in the ISIC rev. 3 industry
classification. Howeverchemical industries are wethown to be significantlymore polluting

than pharmaceuticabnes The processing of nuclear fuel is contained within basic metals
manufacturingat 2digits of the NACE rev. 2 classification, so we identify the corresponding 4
digit code (2446) in PRODCOM ank excludeit from ou computation of polluting production.
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C. More results on green production

FigureC.1 plots the evolution over time of the share of green production frorrghégim potential
industries in total green production. Despite a mildly decreasing thegd.green potential
industries account for the majority of green production in our observed time period. On average
96% of green production is concentrated in 13 out of£28tgit NACE industries.

FigureC.1: Hgh JUHHQ S RWH QW L D Ootayfeeh\pkvdudtiehvoreMiKi®@ UH R |

w0

in green production
S
)

share of high-green potential industrie

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
time

Notes: $XWKRUVY HODERUDWLRQ RQ 352'&20 GDWD :H UHSRUW WKH HYROXWLRQ RYl
green potential industries, as identified in Table 3 as a share of total green production basést@fgreen products PRODCOM
discussed in section 2.

In FigureC.2 we plot this same measure for selected countries, finding some heterogeneity. We
find in particular that higlgreen potential industries in Denmark and Poland represent an
increasingshare of green production, while there is a decreasing trend for Fidmere are also
countries like Germany and ltallyatare closeto the European share we observe in Figiue

Overall green production from highreen potential industries nevepresents less than 78% of
WKH FRXQWU\TV W Riwdhyofiheé dduiries dorRsBIErEdMd@nfgming that high

green potential industries account for the bulk of green production.
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FigureC.2: Share of green production from higreenpotential industries in total green
production for selected countries and Europe.
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I1RWHV $XWKRUVYT HODERUDWLRQ RQ 352'&20 GDWD :H UHSRUW IRU VHOHFWHG FI
production from higkgreen potential industriess identified in Table Bepresent®f total green production based on the list of
green products PRODCOM discussed in section 2.

To illustrate which aréhe most important green produfiis each country TableC.1 presents the

top three green prodigcaind their share in total green producfioneach countryRemarkably

we find that top products are rather similar across countries. They mostly concern integrated
technologies for renewable energy, appliances to increase energy efficiency, asngelaéisg

material.
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TableC.1: Top three green products across countries and shares of green production.
Share of
Country First product Second product Third product total green
production
; Programmable memory Other bases for electric control, . .
Austria controllers for a voltage <= 1 k\{ distribution of electricity, Railway material (of steel) 0.00748
voltage <= 1 kV
. . . . Other bases for electric control,| .
Belgium Multiple-walled insulating units distribution of electricity, E_Slcycle_s and _other c_ycles 0.00438
of glass. _ (including delivery tricycles),
voltage <=1 kV .
nonmotorised
Non-motorized bicycles and .
Bulaari ; . chgr bases for elegtrlc control, ' ' . .
ulgaria gahjﬂg% Cle;e\lliv\l/rr b?rlilcbgﬁe r;r)wgs distribution of electricity, Multiple-walled insulating units 0.00086
9 ytney voltage<= 1 kV of glass
. N . Other bases for electric control,
Croatia Parts for steam Furblnes and Pho_tosgnsmve semlconduc_tor distribution ofelectricity, 0.00066
other vapor turbines devices; solar cells, photodiode _
. voltage <= 1 kV
phototransistors, etc
Denmark Programmable memory _ Generating sets, winpowered Parts of vapor generating boiler 0.00585
controllers for a voltage <= 1 k\ and supeheater water boilers
Parts and accessories for
. Other bases for electric control, . . . . automatic regulating or
Estonia distribution of electricity, Multiple-walled insulating units controlling instruments and 7.00e04
_ of glass
voltage <= 1 kV apparatus
Machinery and apparatus for
solid-liquid separation/
_ Other bases for electric control, purification excluding for water
Finland distribution ofelectricity, Heat exchange units and beverages, centrifuges and  0.00681
voltage <=1 kV centrifugal dryers, oil/petrol
filters for internal combustion
engines
Other bases for electric control,
France distribution of electricity, . Multiple-walled insulating units 0.02843
_ Heat exchange units
voltage <=1 kV of glass
Other bases for electric control, Proarammablenemor Photosensitive semiconductor
Germany | distribution of electricity, 9 y _ devices; solar cells, photodiode| 0.10737
_ controllers for a voltage <=1 kV .
voltage <=1 kV phototransistors, etc
Vapour generating boilers
Other bases for electric control,| Bicycles and other cycles gg];(iruddlinng hcyebr:l?albﬁlelzeartisr: hot
Greece distribution of electricity, (including delivery tricycles), 9 9 0.00024
. . water boilers capable of
voltage <=1 kV non-motorised ;
producing low pressure steam,
watertube boilers)
Parts of gas turbindexcludin Photosensitive semiconductor | Other bases for electric control,
Hungary turbo'etsgand turbero eIIers)g devices; solar cells, photodiode| distribution of electricity, 0.01091
) P phototransistors, etc. voltage <= 1 kV
Machinery and apparatdsr Other bases for electric control, rzaaré?ligoérglfrzggsg;jrgt%rgyégg
Ireland distribution of electricity, ' 0.00239

filtering or purifying water

voltage <= 1 kV

liquids or gases (excluding for
centrifuges and centrifugal

dryers)
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Machinery and apparatus for
filtering or purifying air

Italy Heat exchange units Gas turbines (excluding turboje (excluding intake filters for 0.03125
and turboprops) ) . .
internal combustion engines)
Other bases for electric control, . . . . .
Latvia distributionof electricity, (I;/;ul:g)gtsa-walled insulating units ?i/lltzcrimnec:?/ al?r(ijfyeilr?p?/\r/i:? for 0.00023
voltage <=1 kV 9 gorp 9
_ . Non-motorized bicycles and Multiole-walled insulating units Other bases for electric control,
Lithuania | other cycles with ball bearings P 9 distribution of electricity, 0.00076
. f ) - of glass
(including delivery tricycles) voltage > 1 kV
. . . . Other bases for electric control, .
Poland Multiple-walled insulating units distribution of electricity, Parts for steam Furblnes and 0.00662
of glass _ other vapor turbines
voltage <=1 kV
Normotorized bicycles and Other bases for electric control, ) . . .
Portugal | other cycles with ball bearings | distribution of electricity, cl\)/;ul:g)slg-walled insulating units 0.00265
(including delivery tricycles) voltage <= 1 kV 9
R ._ | Multiple-walled insulating units | Railway or tramway goods vang Other bases for electric control) g 993133
omania | oo and wagons, not seffropelled distribution of electricity,
9 gons, P voltage > 1 kV
_ Other bases for electric control, Multivle-walled insulating units
Slovakia | distribution of electricity, Heat exchange units of Iapss 9 0.00085
voltage <= 1 kV g
Machinery and apparatus for
. filtering or purifying air Multiple-walled insulating units . 0.00026
Slovenia (excluding intake filtergor of glass Heat exchange units
internal combustion engines)
. Generating sets (excluding wing . .
_ O_the_r bases for ele(_:trlc control, powered and powered by sparK Pho_tosgnsnwe semlconduc_tor 0.00981
Spain distribution of electricity, ianition internal combustion devices; solar cells, photodiode
voltage <= 1 kV 9 : phototransistors, etc.
piston engine)
. | Other bases for electric control,
Sweden Heat exchange units Inst_rument_s qnd apparatus usin distribution of electricity, 0.00935
optical radiations, n.e.c. _
voltage <= 1 kV
United Parts of gas turbines (excluding chgr bases for elegtr_lc control, Multiple-walled insulating units 0.02336
. . distribution of electricity,
Kingdom | turbojets and turbpropellers) of glass

voltage <= 1 kV

Notes:$XWKRUVY HODERUDWLRQ RQ 352'&20 GDWD 7KH WDEOH UHSRUWYV IR Uomi

DQG WKH WRWDO VKDUH RI JUHHQ SURGXFWLRQ WKDW WKH YV ptoddtidn IPtadiistd Rre

identified here with the synthetic, tinievariant product codes derived from VBBV methodology

Figure 2 in the main text shewaverage relative concentration acrosshah-greenpotential

industries, it is however interesting to explore whether there is significant heterogeneity across

industries. We plot in Figur€.3 the HHI ratio for four selected industries, finding rather

heterogeneoussults

In panel A we see that green productiontihe electronic componentsanufacturing which

includes PV and LEDs, experiencesustainedncrease in itgelative concentratioruntil 2008

followed by an equally steep decline. These stark changes rel#ttize concentration of green

production reflect the riseand fallof Germany in the production of photovoltaic panalsvall as
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the emergence of ndBuropean players such as Chirfalgieri, Aquino and Succurro, 2011;
Sawhney and Kahn, 2012; Liu and Goldstein, 20B&cause our data only covers European
countries, the shift of production of photovoltaic panels from Germany to China and other non
EU countries resultnia reduction in GermarffylV. WRWDO SURGXFWLRgdrRh SKRWR
apparent reduction of production concentration within Eurbiperder to shed further light on this

we report in FigureC.4 the evolution of the two HHIs for green and rgneen production: the

trend of the relative HHI we observepanel AFigureC.3is essentially driven by a steep increase
and then decline in the concentration of green production, while the concentfationgreen
production remains rather stable.

Theinstruments and appliancesmnufacturingor measuring and monitoring in panel B follows a
rather different pattern. There are two peaks in 1997 andtB@0aresimilar to the average HHIR

in Figure 2, bt after a decline in 2005 the concentration of green production increases
significantly, relative to nowgreen productionimportantly, he index remains constantly above

the unity.

In panel C, locomotives and rolling stock follows yet another patteenelative HHI is in fact

on aclearly downwardpathand always well below the unity suggesting that green production in
this industry is less concentrated than its-gogen counterpart. We should note that this is the
second sector for average greearshof production at 70%, with a median green share of 80%
(see Table 3). Because ngreen production within this industry is so small it is more likely to be
concentrated in fewer countries than the green production, which in contrast representsahe bulk
WKH VHFWRUTY SURGXFWLRQ DQG LV WKXV OLNHO\ WR EH GL\
in absolute values of production may therefore explain the fact thagneen production is more
concentrated than green production within this gedadustry.

Finally, the relative HHIn Panel Dfor nondomestic cooling and ventilation equipment, follows

a similar pattern tdhat of the instruments and appliancesmnufacturingfor measuring and
monitoring. The relative HHI islwaysabove theunity and experiences an increase after 2012,
suggesting that the green production within this sector, which includes both heat pumps and
filtering equipment, isonglomerating in few leading countries suchGamany, Italy, thé&nited
Kingdom and Italy
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FigureC.3: Ratio of green and negreen HHI over time in selected higineen potential industries.

Notes:DXWKRUVY HODERUDWLRQ RQ 352'&20 GDW D el&oiticompohehitSaRufadilvingPErtdl B répokisDhiermedsutdrfal instruments and
appliances for measuring and monitoring, Panel C for railway locomotives and Panel D-8mmnestic cooling and ventilation equipment. We compute HHI for all countries in
our sample as well as only for countries for whighhave a balanced panel from 190&.: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Portugal,

Spain, Sweden, United Kingdom
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FigureC.4: Green and nogreen HHI over time for electronic componemtanufacturing

Notess DXWKRUVY HODERUDWLRQ RQ 352'&20 GDWD ++, LQGH[HVY KDYH EHHQ FRPSXW|
electronic componentsanufacturing The vertical dotted line indicates 2008.
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D. Robustnesshecksusing all green industries.

In this section of the Appendix we report robustness checks on our analstiom 4 using all

of green industries identified in Table 2 in the main text. Overall, we find very similar results, so
we only comment on the differences we find providimgights on their possible origin.

In FigureD.1 we compare the average HHIR from Figure 2 in the main text, which is the weighted
average across higjreen potential industries of the concentration of green production, relative to
nontgreen production, \ih the same measure computed using all green industries from Table 2.
We find a very similar pattern over time, with a significant difference in lehelaever. The
average HHIR is much higher when we include all green industries, being consistentlyhabove
unity. This is due to the fact thdty taking the weighted average of all green industviesare
alsoconsidering industries that have very little green production, which is therefore more likely to
be highly concentrated and drives the averageRHiiwards.

This difference is a good example of how the inclusion of green industries with very low shares of
green production can bias our results, when looking at the concentration of production because
small production values are, almost by construgtoare concentrated and can erroneously lead
to think that green production has on average much higher concentration relativegi@emon
production than it is the case for higheen production industries.

We now turn to how the inclusion of all greemustries, rather than only higiteen potential,
changes our result®ncerning green specialisation across countries and overtirAgureD.2
andD.3 we replicate Figure 3 and 4 from the main text, respectively, finding strikingly similar
results. Thv GRHVQITW FRPH D \tgrieervpétdriidl BacounDivr 36%JIXK total green
production and because neither of these figures are produetighted averages and therefore
the inclusion of marginally green industries with little green produstidummedeads to negligible

changes in our results.
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FigureD.1: Ratio of green and nagreen HHI over time in higlgreen potential and all green industries,
averageveighted on production

Notes:$XWKRUVY HODERUDWLRQ R f@p8rs2h&a/era@eoHMIR acBd3satli@gkeen industries, weighted on industry output, Panel B reports the same measure
but including all green industries. We compute HHI for all countries in our sample as well as only for countries for \whiod avalanced panel from 199Ee.: Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Portugal, Spain, Sweden, United Kingdom
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FigureD.2: Evolution of green production shares for selected European countries for all green industries.

Notes: $XWKRUVY HODERUDW L RRanét 8 Ba&na'& porGgoedhiproduction shares over time for large, small and Eastern countries respectively, these have bee
smoothened by takingyears moving averages. We only use green production from all green industries from Table 3 in the.rE&iRtEs the European average of green shares

across all available countries in each year, weighted on production shares, in panel D we compare it with the unweDhltétl a%®* ZKLFK LV QRW DIIHFWHG E\ FF
especially GermanyBecause ala on Eastern countries is available only from 2001 onwards, and 2003 onwards for Releeqbrt both these measures computed for each year

for all available countries as well as only for countries for which we have a balanced panel since.19@&ria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland,

Italy, Portugal, Spain, Sweden, United KingddiBUR95 and AVG95)
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FigureD.3: Green and polluting RCA across countries and over, tusieg green production from all green industries

Notes: $XWKRUVY HODERUDWLRQ RQ 352'&20 GDWD :H SORW FRXQWULHVY JUHH @QgkénGdsswiesOPSNtin@produgi®dn *UHHQ 58
is total production from polluting industries identified in Tabl&2e RCAs are computed following equation 3 and are made symmetrical around 0 and bounded beiweén
the value of 0 indicates therefore whether a country has, on average, successfully specialized in green pMsattmneport the coefficienf a regression of green RCA on

polluting RCA for each year
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E. Robustness checken regressions of Section 5

We report in Tabl&.1 descriptive statistics of the variables we use in our econometric arwdlysis
section 5. We report both the level and the log of the number of green agdeeoarproducts with
RCA to show the skewedness in the distribution of these variables.

TableE.1: Descriptive statistics

Variables Min 1st Qu. Median Mean 3rd Qu. Max St.Dev.
Green RCA (log) 0.00 0.11 0.52 0.45 0.73 1.07 0.32
Green RCA, presample mean (log) 0.00 0.10 0.46 0.43 0.70 1.05 0.31
Non-green RCA (log) 0.00 0.19 0.52 0.46 0.71 1.07 0.30

Number of green products with RCA (log) 0.00 0.00 0.00 0.47 0.69 3.09 0.57
Number of norgreen products with RCA (log) 0.00 0.00 1.10 0.97 1.61 3.53 0.82
Number of green products with RCA 0.00 0.00 0.00 0.98 1.00 21.00 1.94
Number of norgreen products with RCA 0.00 0.00 2.00 2.78 4.00 33.00 4.00

Notes: $ X W Kedkaboveflion on PRODCOM data. The table reports the distribution of the key variables from equati
addition, the last two rows report the number of green anejneen products with RCA not in logs, to show the differe
in distribution of the varible compared to when we take the logarithm.

We also repoiin this Appendixa battery of robustness chetkat are described in detail in section

5. As a reminder, TablE.2 reports the results when looking at paépendency of negreen

RCA and its complementarity with green RCWe also present the results without log
transforming the dependent variable (Table E.3)hoaut making the RCA index symmetrical
around O (Tale E.4).Finally, Tables E.5 and E.6 present the results weighting the regression based
on the size of the sector and including both kggben potential and marginally green sectors,

respectively.
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TableE.2: Pathdependency of negreen RCA and complemtarity with green RCA.

€)) ) (©) (4) Q)

0.976%*  0.928%*  0.686**  0.638%*  0.584%*
(0.0307)  (0.0371)  (0.0414)  (0.0427)  (0.0427)
0.936%*  0.887**  0.654%*  0.634%*  0.577**
(0.0399)  (0.0442)  (0.0457)  (0.0436)  (0.0441)
0.868%*  0.823**  0.504%*  (0.578%*  (.521%
(0.0469)  (0.0509)  (0.0547)  (0.0520)  (0.0531)
0.820%  (0.785%*  0567%*  0.5409%*  0.494%
(0.0530)  (0.0563)  (0.0622)  (0.0577)  (0.0598)
0.792%*  0.751%*  0552%*  (0.536%*  0.486***
(0.0581)  (0.0616)  (0.0635)  (0.0543)  (0.0550)
0.754%*  0.712%*  0.508%*  0.494%*  0.442%
(0.0612)  (0.0643)  (0.0666)  (0.0567)  (0.0573)
0.700%*  0.657**  0.461%*  0.458%*  0.405%*
(0.0674)  (0.0709)  (0.0691)  (0.0602)  (0.0601)
0.677%*  0.636%*  0.430%*  0.424%*  (.372%*
(0.0686)  (0.0714)  (0.0692)  (0.0578)  (0.0580)
0.673%*  0.634**  0.450%*  0.430%*  0.384*
(0.0699)  (0.0724)  (0.0673)  (0.0579)  (0.0570)
0.675%*  0.637**  0.451%*  0.447%*  0.400***
(0.0691)  (0.0707)  (0.0651)  (0.0581)  (0.0563)
0.665%*  0.628%*  0.448%*  0.430%*  0.388%
(0.0701)  (0.0716)  (0.0647)  (0.0607)  (0.0578)
0.0986**  0.0692*  0.0841*  0.0581

(0.0370)  (0.0366)  (0.0370)  (0.0357)

Presample green RCA (log) * 2005
Presample green RCA (log) * 2006
Presample green RCA (log) * 2007
Presample green RCA (log) * 2008
Presample green RCA (log) * 2009
Presample green RCA (log) * 2010
Presample green RCA (log) * 2011
Presample green RCA (log) * 2012
Presample green RCA (log) * 2013
Presample green RCA (log) * 2014
Presample green RCA (log) * 2015

Green RCA: (log)

Number of green products with R€4(log) (?)?)izg (200322;;
*kk *k*k
Number of norgreen products with RGA (log) (()613546) 0('8705,1%5)

-0.0168  -0.0493*
(0.0173)  (0.0229)
0.279%*  0.218*+
(0.0211)  (0.0235)
0.115%*  0.0892**  0.0389* 0.0109 0.00778

Dummy for at least one green product with RC€A

Dummy for at least one non green product with RCA

Constant

(0.0234) (0.0238) (0.0208) (0.0181) (0.0182)
Observations 3,289 3,289 3,289 3,289 3,289
R-squared 0.723 0.729 0.788 0.806 0.818

Notes:Presample mean computed for the years 20004, for Poland only 2002004 due to data constraints. All explanatc
variables, except the pgample mean, atagged by one year. Estimation time span is 2D055. RCA are symmetrical arour
0 and the logarithm is taken of RCA+2. Counysar and secteyear fixed effects are included in all estimates. This t:
replicates the same model as in Table 4, but theoone variable is now negreen RCA and our main variable of interest is
lag of the green RCA. Standard errors are clustered at the country level and reported in parentheses *** p<0.01, **
p<0.1
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TableE.3: Pathdependencyf green RCA and complementarity with agreen RCA,

not in log.
1) (2) 3) 4) (5)
0.992%** 0.939%** 0.622%** 0.553*** 0.534*
Presample green RCA * 2005
Peg (0.0288)  (0.0333)  (0.0440)  (0.0417)  (0.0424)
*kk *k% *kk *k%k *k%
Presample green RCA * 2006 0.940 0.884 0.598 0.538 0.521
(0.0390)  (0.0429)  (0.0494)  (0.0485)  (0.0485)
Presample green RCA * 2007 0.891*** 0.832*** 0.578*** 0.517*** 0.504***
(0.0482)  (0.0517)  (0.0550)  (0.0560)  (0.0552)
0.852%** 0.790%** 0.550%** 0.495%** 0.482%*
Presample green RCA * 2008
Peg (0.0537)  (0.0567)  (0.0591)  (0.0588)  (0.0582)
**k% *kk *k% *k%k *kk
Presample green RCA * 2009 0.821 0.760 0.492 0.444 0.425
(0.0582)  (0.0608)  (0.0620)  (0.0584)  (0.0582)
Presample green RCA * 2010 0.782** 0.725*** 0.473*** 0.418*** 0.404***
(0.0567)  (0.0582)  (0.0602)  (0.0576)  (0.0574)
0.745%* 0.690*** 0.436%** 0.388*** 0.372%*
Presample green RCA * 2011
Peg (0.0592)  (0.0599)  (0.0616)  (0.0572)  (0.0573)
Presample green RCA * 2012 0.716*** 0.661*** 0.450*** 0.424*** 0.406***
(0.0611)  (0.0615)  (0.0580)  (0.0508)  (0.0515)
Presample green RCA * 2013 0.689*** 0.634*** 0.418*** 0.380*** 0.366***
(0.0646)  (0.0650)  (0.0628)  (0.0556)  (0.0562)
0.666*** 0.612%** 0.408*** 0.372%** 0.359%+*
Presample green RCA * 2014
Peg (0.0671)  (0.0671)  (0.0633)  (0.0570)  (0.0574)
Presample green RCA * 2015 0.648 0.592 0.376 0.347 0.331
(0.0714)  (0.0714)  (0.0666)  (0.0603)  (0.0608)
Nor-green RCA 0.161*** 0.105** 0.131*** 0.0962**
! (0.0436)  (0.0444)  (0.0392)  (0.0428)
, 0.441% 0.158%**
Number of green products with R€A(lo
g P #log) (0.0400) (0.0414)
. -0.0142 0.0170
Number of norgreen products with R lo
! Fgreen products with RGA (log) (0.0256) (0.0267)
Dummy for at least one green product with RC€A 0.493= 0.370™
(0.0348)  (0.0435)
Dummy for at least one non green product with RCA -0.00260 3.91e05
(0.0301) (0.0339)
c -0.0391 -0.00584  -0.313***  -0.365***  -0.416***
onstant
(0.0252)  (0.0257)  (0.0492)  (0.0406)  (0.0468)
Observations 3,289 3,289 3,289 3,289 3,289
R-squared 0.659 0.671 0.760 0.779 0.784

Notes:Presample mean computed for the years 20004, for Poland only 2002004 due to data constraints. All explanatc
variables, except the peample mean, are lagged by one year. Estimation time span i2@0850nly the number of green au
nongreen poducts with RCA are in logs in this specification. RCA are symmetrical around 0 and the logarithm is ti
RCA+2. Countryyear and secteyear fixed effects are included in all estimates. All green industries are incitdedard errors
are clustereat the country level and reported in parenthé&sep<0.01, ** p<0.05, * p<0.1.
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TableE.4: Pathdependencyf green RCA and complementarity with agreen RCA, using
asymmetric RCAs.

€)) ) (©) (4) Q)

1.010%*  0.971%*  0.746%*  0.702**  0.688**
(0.0356)  (0.0396)  (0.0575)  (0.0565)  (0.0592)
0.978%*  0.936%*  0.731%*  0.690%*  0.678%*
(0.0418)  (0.0470)  (0.0641)  (0.0639)  (0.0659)
0.921%*%  0.876%*  0.694**  0.649%*  0.641%
(0.0551)  (0.0603)  (0.0732)  (0.0734)  (0.0742)
0.861%*  0.814%*  0.643%*  0.606%*  0.596***
(0.0657)  (0.0701)  (0.0815)  (0.0805)  (0.0817)
0.800%*  0.754%*  0562%*  0.530%*  0.516***
(0.0766)  (0.0800)  (0.0880)  (0.0849)  (0.0863)
0.762%*  0.719%*  0.544**  0.506%*  0.497**
(0.0777)  (0.0797)  (0.0890)  (0.0861)  (0.0877)
0.750%*  0.708%*  0.528%*  0.493%*  0.482%
(0.0805)  (0.0821)  (0.0908)  (0.0865)  (0.0883)
0.738%*  0.695%*  0.543%*  (0.523%*  (.510%*
(0.0791)  (0.0810)  (0.0877)  (0.0828)  (0.0847)
0.731%*  0.688**  0.536**  0.508%*  0.498**
(0.0813)  (0.0838)  (0.0903)  (0.0852)  (0.0870)
0.728%*  0.685%*  0.537%*  0.507**  0.499%
(0.0817)  (0.0841)  (0.0896)  (0.0853)  (0.0868)
0.729%*  0.685%*  0.526%*  0.507**  0.495%*
(0.0848)  (0.0872)  (0.0897)  (0.0865)  (0.0877)

0.136**  0.0855*  0.107* 0.0836*

(0.0483)  (0.0476)  (0.0471)  (0.0483)

Presample green RCA (log) 2005
Presample green RCA (log) * 2006
Presample green RCA (log) 2007
Presample green RCA (log) * 2008
Presample green RCA (log) 2009
Presample green RCA (log) * 2010
Presample green RCA (log) 2011
Presample green RCA (log) * 2012
Presample green RCA (log) 2013
Presample green RCA (log) * 2014
Presample green RCA (log) 2015

Non-green RCA; (log)

Number of green products with R€4(log) (2033122) (2)1045?;)
Number of norgreen products with RGA (log) (%%223? (gg;gg)

0.391%*  (.273%
(0.0392)  (0.0491)
0.00104  -0.00239
(0.0330)  (0.0370)
0.115%*  0.0697**  0.0167  -0.00768  -0.0139

Dummy for at least one green product with RC€A

Dummy for at least one non green produith RCA..;

Constant

(0.0288) (0.0302) (0.0283) (0.0293) (0.0297)
Observations 3,289 3,289 3,289 3,289 3,289
R-squared 0.649 0.659 0.727 0.737 0.742

Notes Presample mean computed for the years 220Q4, for Poland only 2003004 due to data constraints. All explanatol
variables, except the pgample mean, are lagged by one year. Estimation time span i2@085Countryyear and secteyear
fixed effects are included in all estimates. Standard errors are clustered at the country level and reported in parenthese
p<0.01, ** p<0.05, * p<0.1.
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TableE UHSRUWY RXU UHVXOWY ZHLJKWLQJ IRU LQGXVWULHV{
in 2004. We find that the results on patbpendency are robust, while in contrast the
complementarity effect vanishes when we control for the number of green agdesonproducts

with RCA (column 3) Similarly, our results lose significance when we cormrsiaé green

industries in our analysis in Table.6. Our preferred specification (column 3) shows
complementarity between ngmeen RCA and green RCA only at 10% significance, and when we
simultaneously control for our diversification measures and thehble of having at least one

(green or nofgreen) product with RCA (column 6), we find no significant complementarity effect.
However, one should bear in mind that marginally green industries only represent a very small
share of total green production, whimeans that our main specificatdiscussed in the main text

concerns the vast majority of green production.
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TableE.5: Pathdependencyf green RCA and complementarity with agreen RCA,
weighting for the size of the sector.

1) (2 3 (4) (5
0.930%  0.886%*  0.622%+ 0545 (522w
Presample green RCA (log) * 2005
Peg (log) (0.0404)  (0.0466)  (0.0533)  (0.0461)  (0.0480)
0.800%*  0.834%*  0.587%* 0523 502+
Presample green RCA (log) * 2006
Peg (log) (0.0440)  (0.0490)  (0.0561)  (0.0491)  (0.0509)
0.836%*  0.777%* 05577  0.492¢%  0.476%*
Presample green RCA (log) * 2007
Peg (log) (0.0474)  (0.0519)  (0.0579)  (0.0548)  (0.0548)
0.773%%  0.712%*  0.504** 0445  0.427+
Presample green RCA (log) * 2008
Peg (log) (0.0545)  (0.0577)  (0.0648)  (0.0605)  (0.0617)
0.734%%  0.674™* 0460+ 0418  0.399%
Presample green RCA (log) * 2009
Peg (log) (0.0607)  (0.0633)  (0.0651)  (0.0585)  (0.0587)
0.686%*  0.628%*  0.424%*  (0375%*  (0.350%*
Presample green RCA (log) * 2010
Peg (log) (0.0627)  (0.0636)  (0.0689)  (0.0639)  (0.0641)
0.6554*  0.600"*  0.403** 0363  0.347%
Presample green RCA (log) * 2011
Peg (log) (0.0627)  (0.0630)  (0.0686)  (0.0619)  (0.0626)
0.603%* 05507+  0.388%*  0.379%*  (.363%*
Presample green RCA (log) * 2012
Peg (log) (0.0679)  (0.0679)  (0.0658)  (0.0526)  (0.0543)
0.579%+  0.526%*  (.350%*  0.328%*  (0.313%*
Presample green RCA (log) * 2013
Peg (log) (0.0721)  (0.0720)  (0.0735)  (0.0632)  (0.0637)
0.541% 04927  0.330%*  0.316**  0.302%*
Presample green RCA (log) * 2014
Peg (log) (0.0758)  (0.0752)  (0.0752)  (0.0647)  (0.0665)
0.528 0474 0307+ 0208  (.284%
Presample green RCA (log) * 2015
Peg (log) (0.0791)  (0.0789)  (0.0774)  (0.0686)  (0.0697)
0174+ 00724  0.123*  0.0602
Nongreen RCA; (lo
g As (log) (0.0486)  (0.0531)  (0.0481)  (0.0519)
. 0.217%% 0.0622+%
Number of green productgith RCA.; (lo
greenp 1 (log) (0.0241) (0.0233)
. 0.0122 0.0291*
Number of non green products with RGAlo
green p GAlog) (0.0169) (0.0168)
Dummy for at least one green product with RCA 0.274% 0.227**
(0.0194)  (0.0246)
Dummyfor at least one non green product with RCA 0.0170 0.00794
(0.0215)  (0.0226)
Constant 0.141%*  0.0833**  0.0922%*  0.0664**  0.0678**
(0.0243)  (0.0256)  (0.0246)  (0.0238)  (0.0235)
Observations 3,289 3,289 3,289 3,289 3,289
R-squared 0.693 0.704 0.772 0.799 0.804

Notes Presample mean computed for the years 220Q4, for Poland only 2063004 due to data constraints. All explanatc
variables, except the pgample mean, are lagged by one year. Estimation time span i2Q0B5RCA are symmetrical arour
0 and the Igarithm is taken of RCA+2. Estimates are weighted on industry size, using industry total production in 2004- (
year and secteyear fixed effects are included in all estimates. All green industries are included. Standard errors are clt
the ountry level and reported in parentheses *** p<0.01, ** p<0.05, * p<0.1.
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TableE.6: Pathdependencyf green RCA and complementarity with ngreen RCA, for all
green industries.

) ) (©) (4) (©)

0.964%*  0.043**  (0.672**  0.588%*  (0.583%*
(0.0274)  (0.0286)  (0.0406)  (0.0412)  (0.0417)
0.923%*  0.901**  0.648**  0.567**  0.562%*
(0.0336)  (0.0346)  (0.0435)  (0.0437)  (0.0440)
0.813%*  0.791%*  0.567**  0.494%*  0.491%*
(0.0503)  (0.0507)  (0.0555)  (0.0556)  (0.0557)
0.771%*  0.747+*  0.538**  0.470%*  0.466%*
(0.0530)  (0.0534)  (0.0567)  (0.0556)  (0.0558)
0.726%*  0.704**  0.485**  0.428%*  0.422%*
(0.0532)  (0.0531)  (0.0564)  (0.0535)  (0.0542)
0.695%*  0.674**  0.465**  0.404**  0.399%*
(0.0529)  (0.0524)  (0.0551)  (0.0531)  (0.0535)
0.648%*  0.628**  0.431**  0.384**  0.379%
(0.0542)  (0.0536)  (0.0545)  (0.0517)  (0.0522)
0.620%*  0.600***  0.420***  0.381%*  0.375%*
(0.0553)  (0.0547)  (0.0539)  (0.0506)  (0.0512)
0.587+*  0.567**  0.384**  0.345%*  (0.339%*
(0.0562)  (0.0557)  (0.0550)  (0.0508)  (0.0514)
0.563%*  0.540%*  0.367**  0.327%*  0.322%
(0.0583)  (0.0578)  (0.0539)  (0.0487)  (0.0490)
0.553%*  0.520%*  0.350**  0.310%*  0.304*
(0.0607)  (0.0601)  (0.0547)  (0.0490)  (0.0494)

0.125**  0.0628* 0.0434 0.0390

(0.0330)  (0.0349)  (0.0322)  (0.0340)

Presample green RCA (log) * 2005
Presample green RCA (log) * 2006
Presample green RCA (log) * 2007
Presample green RCA (log) * 2008
Presample green RCA (log) * 2009
Presample green RCA (log) * 2010
Presample green RCA (log) * 2011
Presample green RCA (log) * 2012
Presample green RCA (log) * 2013
Presample green RCA (log) * 2014
Presample green RCA (log) * 2015

Non-green RCA; (log)

Number of green products with R&A(log) (()Ozgg:;) (()Oogggr;
Number of non green products with RGAlog) (88114?31) (%%%?)?

0.329%*  (.283%*
(0.0216)  (0.0272)

0.0222 0.0308

(0.0170)  (0.0204)

0.119%*  0.0662%*  0.0883**  0.0649**  0.0682***

Dummy for at least one green product with RCA

Dummy for at least one non green product with RCA

Constant

(0.0176) (0.0212) (0.0183) (0.0159) (0.0161)
Observations 5,001 4,999 4,999 4,999 4,999
R-squared 0.667 0.674 0.751 0.778 0.779

Notes:Presample mean computed for the years 20004, for Poland only 2002004 due to data constraints. All explanatc
variables, except the pgample mean, are lagged by one year. Estimation time span i2Q0B5RCA are symmetrical arour
0 and the logathm is taken of RCA+2. We include in this estimation all green industries. Ceygdiryand secteyear fixed
effects are included in all estimates. All green industries are included. Standard errors are clustered at the coanily
reported in pantheses*** p<0.01, ** p<0.05, * p<0.1.
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SciencesPo

ABOUT OFCE

The Paris-based Observatoire frangais des conjonctures économiques (OFCE), or French Economic
Observatory is an independent and publicly-funded centre whose activities focus on economic research,
forecasting and the evaluation of public policy.

Its 1981 founding charter established it as part of the French Fondation nationale des sciences politiques
6FLHQFHV 3R DQG JDYH LW WKH PLVVLRQ LV WR *HQVXUH WKDW WKH
LQGHSHQGHQFH VHUYH WKH SXEOLF GHEDWH DERXW WKH HFRQRP\" 7KH 2
theoretical and empirical studies, taking part in international scientific networks, and assuring a regular
presence in the media through close cooperation with the French and European public authorities. The work
of the OFCE covers most fields of economic analysis, from macroeconomics, growth, social welfare
programmes, taxation and employment policy to sustainable development, competition, innovation and

regulatory affairs.

ABOUT SCIENCES PO

Sciences Po is an institution of higher education and research in the humanities and social sciences. Its work

in law, economics, history, political science and sociology is pursued through|ten research units]and several

crosscutting programmes.

Its research community includes over [two hundred twenty members| and |three hundred fifty PhD |
Recognized internationally, their work covers [a_wide range of topics] including education,
democracies, urban development, globalization and public health.

2QH Rl 6FLHQFHYV 3RYV NH\ REMHFWLYHV LV WR PDNH D VLIJQLILFDQW FRQW!
and theoretical advances in the humanities and social sciences. 6 FLHQFHY 3RV PLVVLRQ LV DOVR
results of its research with the international research community, students, and more broadly, society as a

whole.
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