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ABSTRACT

We examine the effect of intellectual property tggliPRs) protection on the two main
channels of international transfer of low-carboohtelogies i.e. trade in low-carbon
capital goods, and foreign direct investments (FBY) firms producing low-carbon
technologies. Our data describes cross-countnsfearthrough these channels between
developing and developed countries in eight cliamatated technology fields from 2001
to 2011. At the world level, we find that strengilmgy IPRs protection increases transfer
in six technology fields (hydro power, solar PMasahermal, heating, lighting, and cleaner
vehicles), while the effect is statistically insifigant in the others. The results slightly
change when focusing on non-OECD countries. Inqadar, we find that a stricter IPRs
regime may reduce their imports of solar equipméitese results have important
implications for climate negotiations on North-Sotechnology transfer.
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1. Introduction

Wide access to clean technologies is crucial ta theeParis Agreement goal of limiting the
increase in global temperatures to well below 2releg) Celsiud.This requires considerable
technology transfers, in particular from North twush, as 90% of the increase in global carbon
emissions until 2050 is expected to occur in theettping world (OECD, 2012) while the vast
majority of low-carbon technologies are still inteth in developed countries. As an illustration,
Japan, USA, Germany, South Korea, and France teigatitount for 75% of the low-carbon
inventions patented from 2005 to 2("15echnology transfer is also key to reducing thelto

abatement costs of climate change policies.

The importance of technology transfer in globainaie change mitigation efforts explains
why the international diffusion of low-carbon tedhmgies has been a cornerstone of
international climate negotiations since the adwptf the United Framework Convention on
Climate Change (UNFCCC). In practice, green teabgylransfer mostly takes place through
two channels, i.e. international trade in capitabds that are used to reduce emissions (e.g.
wind turbines, energy efficient furnaces, electéhicles), or foreign direct investment (FDI)
by multinational enterprises that own low-carbochtelogies (Glachant and Dechezleprétre,
2017). The flows of technology transfer throughsthehannels have many determinants and

are influenced by different sets of policies, ¢tgde and investment policies, environmental

1 The agreement is the result of the United Natfenasnework Convention on Climate Change (UNFCCC)
Conference of the Parties (COP) held in Paris t620

2 Authors’ calculations based on the PATSTAT databd@isie concentration of climate mitigation R&D in
a handful of countries is well established (see Baghezleprétre et al., 2011).
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regulation, etc. Nonetheless, international negotia have extensively revolved around the

role of intellectual property rights (IPRS).

International discussions over IPRs are contenti@usthe one hand, developed countries
see a strong IPRs regime as a necessary conddrote¢hnology transfer. In their view,
technology owners would not transfer technologigbey could not appropriate the related
benefits. On the other hand, some developing casnfe.g. India) consider that strong IPRs
protection may hinder technology transfer (Abdelifl,.2015; Glachant and Dechezleprétre,
2016). The argument is that strong IPRs would predeveloping countries from accessing
green technologies at an affordable price sinceapoly rights associated with IPRs provide
innovators with important market power. This delstieoes the theoretical analysis by Maskus
(2000) who identifies two countervailing effectsstfiong IPRs protection, i.e. a positive market
expansion effect because stronger IPRs create ketfar foreign firms whose intellectual
assets are secured; and a negative market poveet bicause stronger IPRs leads to higher
prices. Given these two opposing effects, the mgtact of stronger IPRs protection is an

empirical question.

The necessity of greater international technolagygfer has led to the creation of the
Technology Mechanism, which organizes UNFCCC effarlated to technology issues.
Though the Technology Executive Committee, thegyarm of the mechanism, acknowledged
during the 2012 Doha Conference of the Parties (G the role of IPRs should be clarified,

it has not delivered any policy recommendationsttoa design of a climate-friendly IPRs

3 The other main subject has been the financingadfriology transfer. To a lesser extent, other paolites
have also been discussed, such as tariffs andamidhkarriers to trade and to FDI, climate regidat
stringency and technological capacity buildingstsitle of the UNFCCC framework, since 2014, 17 WTO
members have been negotiating an Environmental Séageement (EGA) that aims to remove or
drastically reduce tariff barriers applied to eowimental goods.
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regime (de Coninck and Sagar, 2043puring preparations for the Paris COP-21, some
countries made suggestions, such as making spéedimologies available at concessional
terms to developing countri@ddowever, ultimately, the Paris Agreement did natken any

mention of intellectual property rights, indicatitige lack of consensus on this subject.

Against this background, the main objective of ffaper is to inform the policy debate with
empirical evidence on the effect of IPRs on theermational transfer of low-carbon
technologies. More specifically, we carry out a moy-level panel data analysis to estimate
whether increasing the level of IPRs protectioreicipient countries increases or decreases (i)
international trade in low-carbon capital goods #imdforeign direct investment by firms
owning low-carbon technologiéshe level of IPRs protection is measured by alssfitt index
initially created by Park (2005) and recently uediatvhich aggregates several components of
intellectual property protection such as extent@ferage, membership in international IP-
related treaties, duration of protection, absenterestrictions on rights, and statutory

enforcement provision (see also Park and Lipp2id®8).

In addition, we examine how the impact of IPRs esbetween OECD and non-OECD
countries and how the absorptive capacities ofrélogient country influence the marginal
effect of IPRs on technology transfein the economic literature, these capacities afimed
as the ability of the recipient country to succelgfabsorb foreign technologies and they

include various factors such as the availabilityskifled technical personnel and information

4 The mandate of the TEC is to facilitate collabioraion technology transfer between governments, the
private sectors, non-profit organisations, andaitedemic world.

5 Other proposals were made in the July 2015 Adotking Group on the Durban Platform for Enhanced
Action (ADP) draft negotiation text.

6 A third channel of technology transfer is licergsiVe do not cover it here, mainly because datthen
international flow of royalty payments are lackive argue that this is not highly problematic giteat

the significance of licensing in global GDP is tif®/4%) compared with international trade (23.7%) a
FDI (2.6%) over the 2010-2014 period (World Bandlitators, 2016).

7 As pointed out by Forero-Pineda (2006), some etudail to account for the differences between
developed and developing countries.
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on available technologies (Fagerberg, 1994; Kel@86; Worrell et al., 1997; Griffith et al.,

2004; Kneller and Stevens, 2006). Weak capacitrespaedicted to decrease the market
expansion effect of strong IPRs, the intuition lpetimat if domestic firms have weak technical
capabilities, they will not be able to imitate tteehnologies, even if IPRs protection is weak
(Maskus and Penubarti, 1995). In our context, theoretical assumption may have crucial
policy implications. If valid, it implies that delaping countries, which typically have weaker
absorptive capacities, would benefit less fromrgjtieening IPRs. We use our data to directly

test this prediction.

Methodologically, we adopt a fixed-effects paneladapproach where we exploit annual
variations in technology-specific trade or FDI flowithin a given country pair to identify how
the level of IPRs protection in the recipient coyraffects technology transfer. Data on cross-
country trade flows are extracted from the CEPIltternational trade BACI database. The
database provides information on annual productishipments from exporters to importers
at the 6-digit level of the harmonized system nocrenre. We exploit this high level of detail
to precisely identify traded equipment correspogdio eight low-carbon technologies, i.e.
hydroelectricity, solar PV, solar thermal, wind pawenergy-efficient heating, insulation,
energy-efficient lighting, and cleaner vehicles. Wéser yearly trade flows from 2001 to 2011
between up to 92 countries accounting for 92% abal trade in low-carbon gooés.
Importantly, the data set includes both indussedi countries and emerging economies such

as India and China.

To measure FDI flows in low-carbon technologies relg on firm-level data on investment

deals from Bureau Van Dijk’'s Zephyr database. Tlannthallenge is that the data do not

8 More precisely, the estimation sample differs éaich technology and contains up to 92 exporting
countries and 62 importing countries.
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indicate whether a particular deal entails a transf low-carbon technologies. We only know
the investing firm, the target firm, and their isthy. We implement a two-stage procedure to
identify deals that are likely to involve low-carbtechnology transfers. In the first step, we
match our FDI data with the World Patent Statistieatabase (PATSTAT), a database which
includes close to the population of patents filedhe world over recent decades. A useful
characteristic of PATSTAT is its very detailed pdtelassification system, which allows us to
identify patents protecting low-carbon technologl& then identify FDI deals in which the
investing firm owns at least one low-carbon patenthe second step, we exclude deals where
the target firm belongs to an industry that is ubmmously unrelated to the low-carbon
technology consideretiUltimately, we obtain data on the 8 technologiegeted by the trade

data and up to 67 countries observed yearly bet@eém and 2011°

A first result is that strengthening IPRs protecti@as a statistically significant positive effect
on the transfer of most low-carbon technologiess Epplies to the imports in hydro and
cleaner vehicles and to FDI in solar PV, solarriedr heating, lighting, and cleaner vehicles.
However, this average effect hides important hggmeity across countries. The effect of IPRs
stringency on FDI towards non-OECD countries isitpas and significant for several
technologies (solar PV, wind power, and cleanercle$), and not statistically significant for
the others. However, we also find contrasted ingpact trade. In particular, our estimates
suggest that increasing the strictness of IP regiooeld reduce imports of solar PV and solar
thermal equipment toward non-OECD countries. Nb& this is not necessarily bad news if

this indicates that the recipient country is ablsubstitute imported technologies with domestic

9 For instance, if the investing firm owns a patetated to solar PV, we exclude target firms opegan
industries such as “Manufacture of perfumes arldttpreparations” or “Manufacture of bodies for oot
vehicles” but retain target firms operating in #rergy production sector.

10 More precisely, the estimation sample differs éach technology and contains up to 67 investing
countries and up to 43 recipient countries. Theseswf countries account for 94% of the deals regub

in the entire Zephyr database.
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innovation. In general, we find that the margintiée of IPRs is higher when the recipient
country has larger absorptive capacities, indicalinver effectiveness of strengthening IPRs

on technology transfer in countries with low tecahicapabilities.

To get a sense of the magnitude of these effeaspavform a simulation predicting the
impact of an increase in IPRs protection to redwh dlobal median level, which roughly
corresponds to the level of IPRs protection in @im2010. Focusing on technologies that are
statistically significantly sensitive to changesIRRs protection, we show that imports of
equipment to India are predicted to grow by 17%iisulation materials. The effect is greater
for FDI, with a predicted increase of 45% for sdPar, 62% for wind, and 47% for cleaner
vehicles. There is also a substantial negativecetfiqual to -31% for heating, due to India’s
weak absorptive capacities in this domdim short, if big emitters like India and Mexico rge
to converge to the Chinese level of IPRs proteciiowould make a significant difference in
terms of technology inflows. Given that the effettPRs may go in either direction, the policy
implication here is that any potential adjustméefrthe level of IPRs protection should be made

on a case-by-case basis.

Our paper makes a significant contribution to timeited literature on the relationship
between IPRs protection and low-carbon technologiysfer. Most of this literature provides
anecdotal evidence and descriptive statistics ensue (e.g. Barton, 2007; Kirkegaard et al.,
2009; Dechezleprétre et al., 2011; Ockwell et2008; Glachant et al. 2013). To the best of
our knowledge, Dechezleprétre et al. (2013) isotiig existing econometric study dealing with
the impact of IPRs (among other drivers) on theerimdtional diffusion of low-carbon
technologies. The authors rely on a different mesasfi technology transfer, i.e. the size of

technology flow from country to countryj is measured by the number of patents protecting

11 Countries with strong capacities, like China, aréncrease in FDI in heating.
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inventions developed in countrgnd filed in country. The main limitation of this patent-based
measure is that inventors do not only rely on patém protect innovation. Existing surveys
even show that they prefer trade secrecy whenlfiea@ohen et al., 2000). It is then expected
that reinforcing IPRs will increase patenting, this result may not necessarily reflect higher
technology flows. It might simply correspond to @miors switching from trade secrecy to
patenting as a way to protect their knowledge, eNetmere is evidence that outbound
international patenting for a specific country ssjpively correlated with the magnitude of
exports and outward foreign direct investments towhe destination country (Yang and Kuo,
2008). Similarly, while a patent grants the exalasight to use a technology in a given country,
it does not imply that the patent owner will aclyalse the technology in that country.
Compared to patent-based measures, our uniquestiatasross-country flows of trade and
FDI are arguably a better measure of the actualmel of low-carbon technology transfer

between countries.

Our paper also relates more generally to the itastiture on the role of IPRs in international
technology transfer. We contribute to this literatiy focusing on an array of previously
unstudied sectors and by considering both tradeFa¥icas channels for technology transfer.
With a few recent exceptions (e.g. lvus, 2010; Bgri2015; and Campi and Duefas, 2016),
the majority of existing studies cover the entiranufacturing sector (Bosworth, 1980;
Ferrantino, 1993; Maskus and Penubarti, 1995; Maskd98b, Braga and Fink, 1998, 1999;
Smith, 1999, 2001; Co, 2004; Nunnenkamp and Sjz&24(; Delgado, Kyle, and McGahan,
2013) and usually consider only one channel — ettlagle or FDI. However, it is not possible
to extrapolate their results to climate mitigatiechnologies, as the trade-off highlighted by
Maskus (2000) between market expansion and madkeepis fundamentally determined by

industry- and technology-specific variables. Froonethodological point of view, our paper



presents several strengths compared to most efikeng literature. We estimate technology-
specific gravity models with country-pair fixed e€ts, which control for many unobserved
determinants of trade and for technological spatiis. On this methodological ground, the
present study only compares to the most recentsnayBoring (2015) and Campi and Duefias

(2016).

The paper is organised as follows. Section 2 ptegha conceptual framework on property
rights and the international transfer of technadsgiln Section 3, we explain our empirical
strategy. We provide the data sources and des@igtatistics in Section 4. Econometric results

are described in Section 5. We conclude in Se@&ion

2. Conceptual framework?*?

2.1. Thechannesof international technology transfer

The term “technology transfer” is somewhat confgsior it may refer to either the transfer
of intangible knowledge or the transfer of certéamgible goods in which knowledge is
embedded?® These two categories ultimately relate to two lewé access to a technology, i.e.
(i) purchasing and using tangible goods, which &ntie buyer to reap the benefit provided by
the technology, (ii) possessing the specific knolgéeto reproduce or repair tangible goods.

The latter obviously corresponds to a higher amotitechnology transfer.

The diversity of channels through which knowledgesses borders is the second reason

why technology transfer is inherently difficult imeasure. In many cases, transfer is mediated

2 This section draws heavily on Glachant et al. @0ind Méniére et al. (2017). See also Keller (2004
for a review on international technology diffusion.

B While we adopt the definition of technology traersfised in economics, it is important to note thist
definition may vary between disciplines as pointetl by Bozeman (2000).
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by markets. It is then usual to distinguish betwdeae main market channels, which include
international trade in intermediate goods, and @@é Table 1). Importing capital goods, such
as machines and equipment, entails technologyfénabecause they embody technologies that
yield productivity benefits to the recipient couesi. As mentioned above, international trade
however induces little cross-border transfer of Wwealge as such, simply because the
knowledge remains in the originating country andiiectly exploited there. Nonetheless, there
is evidence that trade generates knowledge spiateough reverse engineering and business
relationships within the recipient economy (Riv&atiz and Romer, 1991). As a consequence,
trade in pollution control equipment has long based in the literature to analyse technology

transfer for environmental technologies (see eagjauw and Mody, 1996).

Foreign direct investment is a second market cHaasemultinational enterprises typically
transfer firm-specific technology to their foreigffiliates or partners in joint ventures. FDI
conveys more knowledge than trade since the loaadyztion of goods or services by the
subsidiary requires having access to know-how awiéd knowledge. As a consequence, FDI
also generates a larger amount of spillovers, éspergia the domestic circulation of skilled
labour. There is strong empirical evidence that EBUses the diffusion of technology and
productivity growth in recipient countries (Lee aM@nsfield, 1996; Xu, 2000; Branstetter et
al., 2001, 2006; Goérg and Strobl, 2005; Griffithaét 2006; Haskel et al., 2007; Blalock and

Gertler, 2008; Keller and Yeaple, 2013).

The last channel of technology transfer and the most direct — is technology licensing,

when corporations or public research bodies grgrdtant licence to a company abroad that

4 Circulation of skilled labour between firms is #mer frequently mentioned market channel of tecahgl
transfer, but data on international movement dfeskiworkers do not exist at a disaggregated sédet@l
to our knowledge.
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uses it to upgrade its own production. This isrtiest knowledge-intensive form of transfer, as

turnkey information is transmitted to an entityeixchange for royalty payments.

Table 1: Characteristics of international technology transfer market channels

Transfer K nowledge location Spil_lover me(_:h_anisms _Knovyledge
channel . in therecipient _intensity and
Legal  Geographical country imitation threat
Export of Source Source = Reverse engineering +
intermediate  company country = Business
goods relationships
Foreign direct Source Recipient » Reverse engineering ++
investment company country = Business

relationships
= Labour circulation
Licensing Customer Recipient = Reverse engineering +++
country = Business
relationships
= Labour circulation
= Customer
opportunism

Source: Glachant et al. (2013)

In this paper, we deal with the two largest chasrwél technology transfer, i.e. trade in
intermediate goods and FDI. However, this is noy vestrictive. In practice, licensing mostly
concerns three sectors — chemicals, drugs, anttaléxs and electrical equipment (Anand and
Khanna, 2000) — which do not contribute signifitanio carbon emissions abatement.
Moreover, evidence shows that technology transt@slicensing are of a much smaller
magnitude than trade and foreign direct investmigloiws (sum of revenue and expenditure)
of "technology balance of payments" for the pe26d0-2014 represented about 0.4% of global
GDP, against 2.6% and 23.7% respectively for FI exports of goods and services (World

Bank Indicators, 2016Y.

15 http://data.worldbank.org/However this indicator should be considered asupper bound of the
magnitude of technology licensing. Indeed, it atsrudes items that are not related to technolseggh as
royalties on trademarks or copyrights. Moreovert pathe patent royalties reflects intra-groumsters
between entities of the same corporations in differcountries: they are likely to proceed from tax
optimisation strategies rather than actual techmotoansfers.

11




Another restriction of the present study is thatdeenot deal with transfers that take place
without any market transaction. These spilloverseafior example when a manufactured good
is reverse engineered or when researchers exanpuaélshed patent. This does not pose a
problem if one assumes that non-market transfees pasitively correlated with market
transfers. This assumption is reasonable: revangaeering, for instance, is likely to be

positively correlated to trade volumes.

2.2. The impact of intellectual property rights on international technology
diffusion

The primary role of intellectual property rights abviously to provide innovators with
greater incentives to innovate, as knowledge hddiqgood features. IPRs are not fully
excludable in the sense that other economic ageaysmitate the new technology, or at least
learn from it, thereby appropriating a share ofittmvation benefits. Trade secrecy is the most
natural strategy for innovators to prevent imitatiand the most widely used in practice (Cohen
et al., 2000). It is however not perfect. In parae, imitators can rely on reverse engineering
when the technology is embodied in a product. &tkillvorkers can circulate between firms,

taking their knowledge with them. The cost of maining trade secrets can also be high.

Granting intellectual property rights provides diposolution to partly internalise these
knowledge externalities. A patent ensures the sxaty of the commercial use of the invention
for a determined period of time (typically 20 ygaidowever, in order to compensate for the
detrimental impact of market power, the patent awnest disclose information about the
invention that then becomes available to all. Thgectives here are to secure benefits for
innovators, but also to give other innovators thesibility to use the patented inventions as

inputs to generate new inventions before the paéentinates.
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The role of patents in easing the commercialisationew technologies can be especially
strong in foreign markets, thereby promoting ins&ional technology diffusion. Appropriation
is indeed more difficult abroad due to differenge¢egal systems and other factors. Foreign
suppliers of technologies incur additional costetmitor how partner firms and licencees use
their technology (Keller and Yeaple, 2013). Cortmat problems are also likely to be greater
if the supplier and buyer of the technology opematdifferent countries. For instance, Antras
and Rossi-Hansberg (2009) suggest that weak corgrdorcement lowers the amount of

technology transfer through outsourcing.

As a result, the effect of IPRs protection on in&ional technology transfer is ambiguous
(Maskus, 2000): stronger IPRs have a negative rmareer effect, giving innovators the
possibility to raise price barriers; but also aifpos market expansion effect because stronger
IPRs ease the commercialisation of technologie®reign markets. With these two effects
going in opposite directions, the net impact obisger IPRs on technology transfer is an
empirical question. The size (and sign) of theimgtact is likely to vary across technologies
because it is determined by industry-specific aawhnology-specific variables, such as the
degree of competition and the practical methodsnitate the technology. This justifies our
methodological choice of estimating technology-gpeequations. More generally, it also
justifies a specific study of low-carbon technokxgjias the results obtained in different sectors
are not transferable. For similar reasons, thempact has no reason to be identical across

different transfer channels.

The characteristics of recipient countries can gleoerate heterogeneity in the effect of
stronger IPRs. In particular, Maskus and PenuB®85) argue that it is likely that the market
expansion effect is greater in economies with gfeorabsorptive capacities. The ability of
countries to recognise, assimilate and apply neewkedge depends on factors such as the

13



availability of researchers and engineers, a highber of past innovations, and high private
and public R&D expenditures (Fagerberg, 1994; Kell®96; Worrell et al., 1997; Griffith et

al., 2004; Kneller and Stevens, 2006). Strong gilts@ capacities de facto mean strong
imitation capabilities. This implies that IPRs anere effective in securing innovation returns,
and thus in providing incentives to transfer tedbgs, in countries with high capacities.
Maskus and Penubarti (1995) arguably find some ecapievidence that the effect of IPRs is
greater in developed economies than in developmontries for most of the manufacturing

industries they cover.

3. Empirical Strategy

Because low-carbon technologies are highly hetereges, we perform regressions at the
level of each technology. To estimate the effectRi®s protection on bilateral trade in low-
carbon goods and FDI in a given low-carbon techgylove estimate the following gravity

model:
TRANSFER i = exp(aox + @13 IPRje—1 + BrXije—1 + Sijk + Vie + Vijre) (1)

whereTRANSFER;,; denotes either the shipment value of low-carbomdgeembedding
technologyk exported from countryto countryj during yeat or the number of FDI deals in
low-carbon technologk made between parent companies located in courdryd target
companies located in countjyin yeart. IPR;, is the index of intellectual property rights

protection in the importing countfywhich we describe in detail below.

Following Anderson and van Wincoop (2003), we eitlte panel structure of our dataset
by using a fixed-effects estimator. This allows tes control for any time-invariant

characteristics denoted tdy;, that could be correlated with bof*R;, and our dependent
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variables g, includes all time-invariant country-pair charactéos typically used in gravity
models, i.e. distance between the two countriestigaity, common language, colonial ties,
etc. as well as importer characteristics such@es ¢f institutions, type of regulations, industrial
structure of the economy, development level, et@ddition, we include a comprehensive set
of year dummies to account for shocks common aatbsountries. As a result, we rely on
annual variations in technology-specific trade @1 Hows within a given country pair for

identification.

Using a fixed-effects estimator, there might &tdlfactors that vary over time and that could
be correlated with bothPR;; and the dependent variable. Therefore, we inctuset of time-

varying control variables iX. Some controls are common to the trade model had-DI
model. First, we control for the size and incomehw exporting/investing country and the
recipient country using GDP and GDP per capita,ctvhg standard in gravity equations.
Second, we control for the recipient country’s apsee capacities, since this can influence the
transfer of technologies and is likely correlatedhwPRs protection. These capacities are
measured by a composite index aggregating foucaaiis, i.e. enrolment in tertiary education,
share of GDP allocated to R&D, share of researcimetise population, and the (discounted)
stock of patented inventions per unit of GDP. Wevjle more details on this index in
subsection 4.4. Third, we add the IPRs protectioth® exporting/investing country because
exporting/investing firms may react differently tecipient countries’ IPRs protection
depending on the IPRs protection in their countrgrain. Finally, we control for whether the
two countries have a free trade agreement in magéhether they belong to the same custom

union in yeat.

We also use control variables that are specifeaich model. In our trade model, we control

for the importer’s effectively applied tariff ragend the number of non-tariff measures for the
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low-carbon technology consider&tiin our FDI model, we include traditional deternmigof
inward FDI, which include the flexibility of busise and labour regulations and the intensity
of border regulations on the movement of capitdl@eople. Table 15 in the Appendix provides

the definition and the source of all variables.

Because trade flows are included in GDP, some efdabntrols may be endogenous.
Consequently, we lag all regressors by one yeais fifitigates endogeneity Siné€R;._;

should be less correlated witfy, thanl/PR;,.

In subsection 2.2, we explained that the impadP&s protection could vary depending on
several characteristics of the recipient countries.test for the existence of heterogeneous
effects, we augment model (1) by introducing arerattion term between the recipient

country’s IPRs protection and a dummy variabyjeas follows:
TRANSFER;j: = exp(aoy + a1l PRje—1 + ax(IPRjt—1 X Dji.) + BrXije—1 + Oijk + Vie + Uijkr) 2

whereD;, denotes either OECD membership, or strong abserptpacities in technology
k. The distinction between non-OECD and OECD coastis relevant here because technology
transfer matters more for developing countriescviave high GHG abatement potential, than
it does for developed countries, which produce rolisiate mitigation technologies. Following
on from the theoretical insights mentioned abovep# at absorptive capacities indicates that

the effectiveness of IPRs increases with reciptenmntries’ imitation capacities.

Following Silva and Tenreyro (2006), models (1) 48yl are estimated by the Pseudo

Poisson Maximum Likelihood (PPML) estimator for tneasons. First, the PPML estimator is

B We use effectively applied tariff rates, whicheakto account the existence of bilateral tradeagents,
as opposed to most favoured nation tariff rateschvare the maximum tariff rate applied by one WTO
member to another WTO member.
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less biased than the log-log OLS estimator undéerdnt assumptions regarding the data-
generating process of the error term. Second, PRiblike OLS, accounts for outcomes equal
to zero, which is a natural result of the Poissmtridution. These observations are dropped

when a log-log transformation of model (1) andig2applied.

4. Data

4.1. Bilateral tradein low-carbon goods

We use shipment value between countries as a neeastechnology transfer. Trade data
come from the BACI database developed by the Cerfitedes Prospectives et d'Informations
Internationales (CEPII), which reports bilaterande between countries at a highly
disaggregated product lev8ACI is based on the United Nations COMTRADE datzha
BACI's major advantage over the original COMTRADEIts ability to provide harmonised
and more reliable bilateral trade data by matchegarations between exporting and importing
countriest’ We use the description provided by the 6-digit lesfethe harmonised system
classification of products in BACI to identify egument goods that incorporate technologies

mitigating greenhouse gas emissidfis.

We cover eight low-carbon technology classes adiffesent sectors of the economy. Table
2 lists these technology classes. In the powerrgéna sector, we cover hydro power, solar
PV, solar thermal, and wind power. The dataset mislndes energy efficiency technologies
used in the residential sector, such as heatirsgilation, and lighting. In the transportation

sector, we cover electric and hybrid vehicles hiteeeaeferred to as cleaner vehicles. Appendix

17 See Gaulier and Zignago (2010) for more details.
8 We choose the 1996 version of the Harmonized 8ystemaximise the number of years for which low-
carbon goods are reported in the data.
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A includes a detailed description of these techgielo (see Table 12) as well as their

harmonised system codes and their descriptionTable 13).

Although the dataset is representative of a vamétiechnologies and sectors, it is by no
means comprehensive. An important restriction is #ibsence of carbon mitigation
technologies used in agriculture or forestry (esgil restoration, reforestation, grassland
management). The main reason is that their tramsfeot associated with trade in equipment
goods. Process-integrated energy-saving technaloged in the manufacturing sector are also
missing. These technologies are arguably embeddeshuipment goods, but the product
classification is not detailed enough to identifiern in BACI data. For instance, the code
841780 corresponds to “industrial/laboratory fuesé& ovens” but no difference is made

between energy-efficient and inefficient ovens.

Lastly, due to missing data on our main explanataryables, our final sample covers trade
data for 62 countries between 2001 and 2§1his accounts for around 92% of global trade

in the selected technologies.

4.2. Foreign direct investment in low-carbon goods

In contrast with trade data, accessing reliable &&h at a disaggregated sectoral level is
much more complicated, particularly when they @&guired for developing countries, like in
the present study. The construction of this datasséhus an important contribution of our

paper.

19 The list of countries is available in Table 102@ipendix A.
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We extract foreign direct investment data from financial database Zephyr, provided by
Bureau Van Dijk under a commercial licerf€eZephyr provides information on investment
deals between acquiring companies and target caggpaie use the number of investment
deals between companies in the source country am@anies in the recipient country in year
t as an indicator of the intensity of FDI betweenrdoy pairs. In theory, we would prefer using
the volume of investments, but this informatioroftien missing, particularly for non-OECD
countries. We use only completed deals of any kmstliding acquisitions, capital increases,

minority stakes and share buybacks.

As mentioned in the introduction, the difficultyed in identifying deals that presumably
entail the transfer of a low-carbon technology. &pely two filters to select these deals. The
first consists in selecting deals where the inwgstirm has filed at least one low-carbon patent
in the recipient country. This is based upon thespmption that a firm only files a patent in a

foreign country if it plans to commercially expldite technology theré.

Low-carbon patents are extracted from PATSTAT, neaned by the European Patent
Office. We select patents classified under the “Y&f2egory developed by the European Patent
Office and applied to all patents in PATSTAT. The@2Ycategory provides the most accurate
tagging method of climate change mitigation patevigilable today, and is the international
standard for innovation studies in green technelegie select patents that are related to the
technologies included in the trade data. Tableoides the list of technology fields covered.
The detailed description of the technologies islakbe in Table 12 of Appendix A. These low-

carbon patents are then matched with Zephyr tdifgehe relevant investing firms. We thus

20 See http://www.bvdinfo.com/en-gb/our-products/econoraitd-m-a/m-a-data/zephyrfor more
information.

2! For a discussion of foreign patenting strategiad &ow they relate to technology transfer, see
Dechezleprétre et al. (2013).
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obtain an indicator of FDI at the technology lewghich makes it possible to compare the
impact of IPRs on the two transfer channels.

The second filter applies to the target firms. Véegkdeals in which the target firms belong
to an industry related to the technology. We matdastry codes and low-carbon technologies
based on the industry’s label and the descriptibthe patent category in Table #2For
instance, the description of the Solar PV categor{solar photovoltaic (conversion of light
radiation into electrical energy), including sopmanels”. Target firms operating in industries
such as “2611 - Manufacture of electronic compasieot “3511 - Production of electricity”
are included in the computation of FDI deals relateSolar PV, while firms operating in “2751
- Manufacture of electric domestic appliances” moé Table 14 provides the list of industry
codes selected for each low-carbon technology.

In Zephyr, there exist several country pairs ewighh no deal in a given yeatr. It is, however,
risky to infer that zero deals take place in rgabtithough Zephyr is one of the most reliable
data sources of its kind, it does not claim to caeery single deal. Our general strategy is
therefore to assume that the value is missing. \Wéalvever introduce an exception: we
assume a zero when we observe deals for the samé&ggpair in the preceding and following
years. For instance, if we observe deals betweematy and Poland in 2009 and 2011, but not
in 2010, then we assume that the value for thisicgypair is 0 for 2010. The intuition is that
observing deals before and after 2010 impliesZeghyr has the capacity to monitor deals in
these countries. Our regressions results are, fewweet sensitive to this choice. The final FDI

sample contains 37 recipient countries observedyybatween 2001 and 20£4.

22 Zephyr provides the Statistical Classification Efonomic Activities in the European Community
(NACE) industry codes of the target firms.
2 The list of countries is available in Table 10Apfpendix A.
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Note: Table 12 provides a detailed descriptiornete technology fields in Patstat and Table

13 provides a harmonized system list of low-carbapital goods for each technology.

Figure 1 plots the imports of low-carbon capitabde and the number of inward FDI deals
in low-carbon technologies by recipient country. ¥ée that the two channels of transfer are
highly correlated. Unsurprisingly, larger countriegeive more FDI and import more low-
carbon equipment. Note also that the situationmérging economies is heterogeneous: a
significant amount of transfer already takes plemeards China but much smaller transfers
occur towards Mexico and India in spite of the ©z¢heir economies (but with a lower IPRs

protection than China).

Table2: List of low-carbon technologies covered

Sector Technology class

Hydro

Solar photovoltaic

Solar thermal

Wind

Cleaner vehicles: hybrid and

Power generation

Transport electric vehicles
Heating

Buildings Insulation
Lighting

Note: Table 12 provides a detailed description hefseé technology
fields in Patstat and Table 13 provides a harmaisystem list of low-
carbon capital goods for each technology.
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Figure 1: Amount of technology transfer by recipient and by channel
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Notes author calculation based on BACI, Zephyr, and Batsalues are summed over the
technologies and over 2001-2011.

4.3. Intellectual property rights protection

In order to measure the degree of intellectual @ryprights protection, we follow Maskus
and Yang (2013) by combining two indices, i.e. iARs index by Park and Lippoldt (2008)
and the Fraser Institute’s legal system index. Weal because a weak legal system de facto

implies weak patent rights, regardless of a colsiBRs strictness.

Park and Lippoldt (2008)’s index is an extensiorGafiarte and Park (1997) and Park and
Wagh (2002) that takes into account the patentglafinew technological fields like software
and biotechnology? It is widely used in the literature. It rangesnfraero (weakest) to five

(strongest). This value is determined by the sunamadf five components: (i) extent of

24 Note that Maskus and Yang (2013) use Ginarte amkl @997)'s index. Park (2008) describes in detail
how the Ginarte and Park (1997) index has beemdgzte
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coverage, (i) membership in international treat{eég duration of protection, (iv) absence of

restrictions on rights, and (v) statutory enforcabp@ovision.

The legal systems index is extracted from the Frésstitute’s annual reports on the
economic freedom of the wortd. It is a composite index between 0 and 10 builtnfrother
indices and including legal enforcement of consagtdicial independence, impartial courts,
and the integrity of the legal system. In practwe multiply the IPRs index by the legal systems

— which are complements — and rescale the produet ® to 10.

Figure 2 of Appendix B shows the variation in IRRR$ween countries by plotting the IPRs
protection index against GDP per capita. As exgka®g average richer countries have higher
IPRs protection. We also observe much greater tiamidetween developing countries than

between developed countries.

Table 3 shows the distribution percentiles of thgation in IPRs within countries over time
measured by the ratio between IPRs protection D 2hd IPRs protection in 2000. 40% of
countries exhibit a change greater than 13%, wh8&6 of countries reduce their IPRs
protection by at least 8%. This variation is impattbecause our fixed-effects approach only

exploits this within-country variation for identftion.

Table 3: Within-country variation in |PRs protection

5% 10% 25% 40% 50% 609 759 90 959
-26% -22% -8% -3% 4% 13% 25% 47% 819
Note % change between IPRs protection in 2010 and [R&ection in 2000.

o

o

25 See Gwartney et al. (2014) for more details.
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4.4. Absorptive capacities

To estimate model (2), we classify countries into groups, i.e. countries with weak and
strong absorptive capacities. We proxy absorptagacities by the stock of high-value patents
filed by domestic inventors in each technologydielhe stock equals the discounted sum of
previously filed patents. We apply a 15% discowateras done in the literature. It seems
reasonable to assume that the higher the stockneémne inventors there will be in the country
familiar with the technology. The absorptive capaclummy equals 1 when the country’s
absorptive capacity is higher than the world med@ne. Data on patents and corresponding
inventors come from PATSTAT. Table 11 provides #fssorptive capacity dummies for all

countries and all technologies.

5. Results

In this section, we present the results of theed#fit models. We start with the baseline
models, which give the global average effect ofdlR trade and FDI. The results of the
models, which account for cross-country heterodgngith interaction variables, are

subsequently discussed.

5.1. Average effects of IPRs protection

Table 4 and Table 5 display the results of thevedton via PPML of model (1) for the trade
of low-carbon goods and low-carbon FDI and by tedbay, respectively® In all regressions,
the coefficients of the control variables have tlegipected sign when statistically significant,

suggesting reliable estimates. Increases in GOR GDP per capita lead to larger imports of

26 Summary statistics for the estimation are avadlablTable 16 and Table 16.
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low-carbon equipment; increases in GDP per capita lead countries torxpore and to invest

more capital abroad; increases in non-tariff messweduce imports of equipment goods;
signing a trade agreement increases trade betvegres. Interestingly, this also reduces FDI.
A likely explanation is that trade and FDI are gditbtes: when trade barriers are high, firms

are more likely to resort to FDI to reach a forengarket.

The net effect of IPRs protection on trade andifprelirect investments is never negative
at conventional significance levels and is sigifitty positive for most technologies. This is
true for the international trade of equipment fgidilo and cleaner vehicles. In terms of
magnitude, an increase in the IPRs protection inaex unit (corresponding to twice the
within-country-pair standard deviation of the vai@over our sample) is predicted to increase
imports of hydro by 26%, and cleaner vehicles b%38 The effect on FDI is statistically
significant and positive for five technologies, selar PV, solar thermal, heating, lighting, and
cleaner vehicles. An increase in the IPRs protactidex by 1 unit is predicted to increase FDI
in solar PV by 64%, in solar thermal by 69%, intirepby 54%, in lighting by 45% and in
cleaner vehicles by 44%. These numbers are hipharthose obtained for trade in low-carbon
capital goods. This difference is consistent whik theory that FDI is a more knowledge-
intensive, and thus potentially more IP-sensitofgnnel than international trade, as explained

in Section 2. In section 5.4, we provide additiogsiadulation results.

We perform three different checks to evaluate tessivity of these results. First, we
estimate the model using exporter-year fixed effecstead of only year fixed effects, and

report the estimation in Table 22 for trade andl@&3 for FDI?° Second, we add different

27 Solar PV and solar thermal capital goods are aetion. This might reflect the fact that countrieat
become richer also produce more of these goods staalkty, which diminishes their import demand.

28 In a Poisson regression model, the coefficientsbeainterpreted as semi-elasticities.

2% Note that the number of observations for insutatonot sufficient to estimate an exporter-yezedi-
effects model.
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measures of environmental policy stringency ofréapient country as new control variables.
Our baseline estimates can potentially suffer fanmomitted variable bias if the severity of
environmental regulations — which increases dome$timand for low-carbon goods and
investments, — correlates with the strictness ®iftaregime. We show in Tables 24 and 25 that
the estimation coefficient of the IPRs protectionax is not affected by including Yale
University’s environmental performance index or terld Economic Forum’s index of
environmental regulations stringentyThird, in Table 26 we use three alternative séts o
controls, i.e. (i) without trade policy variablg®) without exporter controls, (iii) without
importer controls and retaining only GBPFor these three checks, we obtain coefficients tha

are highly similar to our baseline estimates.

All in all, for most technologies, the positive iaqi of stricter IPRs protection through
market expansion thus more than compensates traiveegmpact through enhanced market
power, leading to more transfer through trade of. Mind power and insulation are the only
two exceptions: in these sectors, technology teanisf not responsive to patent protection.
Although informative, these results do not spealfic deal with the case of developing
countries, which is the focus of current policyatissions. We now consider the results of

models that address this specific issue.

5.2. OECD versus non-OECD countries

Table 6 shows the results of the estimation of rhd@8g in which IPRs protection is
interacted with a dummy variable equal to 1 whemnithporting country is an OECD country.

Policy relevance leads us to focus the discussiothe case of non-OECD countries in what

30 In our baseline, we do not control for the seyesitenvironmental regulations because it drodsast
20% of the sample observations that potentiallyoiitces a sizeable sample selection bias.

31 For clarity, we do not report all the estimateshef controls variables in the appendix, but theglete
tables are available upon request.
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follows. Results for the FDI models are broadlyitamto those of the baseline models, that is,
either a positive or a non-significant effect oR& protection on the transfer towards non-
OECD countries. The technologies that show a pesgifect are solar PV, wind power, and
cleaner vehicles. In contrast, trade models yietbiguous results that differ from the average
effects estimated previously. In particular, we noltain a statistically significant negative
effect of IPRs protection for solar PV and solagrthal while the effect is significant and

positive for hydro and cleaner vehicles.

How can we interpret these differences betweemtdolgies and between country groups?
The theory mentioned in section 2.2 highlights adéroff between market expansion and
market power. The intensity of each of these meshas is determined by industry- and
technology-specific characteristics. The net effeiciPRs protection can thus vary across
countries and technologies, as observed in thétsesuthis respect, the primary policy lesson
of our analysis is that potential adjustment of rifes for climate change mitigation

technologies should be made on a case-by-case basis

A further complexity is that multiple technologysfer channels exist (two of which are
studied in this paper). As a result, tighteningedaxing IPRs protection may influence not only
the overall level of transfer, but also the allamatacross channels. Consider the case of solar
PV. Table 6 shows that increasing IP protection ldioshift the transfer of solar PV
technologies from the trade channel to the FDI nearHowever, we do not know whether this
involves additional or fewer transfers, as the diiyof knowledge flowing through the two

channels is not measured with a common metric.
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5.3. Weak versus strong absor ptive capacity countries

In Table 7, we present the results of models irctvitihe IPRs variable is interacted with the
absorptive capacity dummy described in subsectigh €limate policy debates indeed
commonly stress the low absorptive capacities wélbping countries. We find results that are
not completely in line with the OECD vs. non-OECDdels. For instance, we now obtain a
negative sign for the transfer of heating technel®ghrough FDI in low-capacity countries,
whereas the effect of IPRs protection on non-OEGONtries is not significant. This simply
indicates that the specificities of the developwgrld are not limited to the size of their
technological capabilities. Other factors, suchhasstringency of domestic climate policies,

may be even stronger drivers.

Regarding imports of low-carbon equipment into ddes with weak capacities, we find
that stronger IPRs has a negative effect on sdldnR a positive effect on heating, insulation,
and cleaner vehicles. The ambiguity of these ressltat odds with the theory that IPRs
facilitates transfers when recipient countriesadrie to imitate imported inventions. A possible
explanation is that absorptive capacities do nbt mreasure the capacity to imitate but are also
a proxy for domestic production of low-carbon inttens. Therefore, higher effectiveness of
IP in weak-capacity countries may simply signat thase countries innovate less and are thus

more dependent on technology imports.

5.4. A simulation exercise

Examining the marginal impact of a one-unit incee@s the level of IPRs protection, as
presented above, is useful when comparing diffecbannels, but it tells us little about how
IPRs protection impacts absolute levels of techgyptoansfer. We thus conclude the discussion

of our results with a simulation exercise in whigt assume that countries below the median
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IPRs protection level experience an increase irs|pfetection to reach a global median IPRs
level equal to 4.3. This median value roughly cgponds to the value of IPRs protection in
China in 2010 and involves a relatively small 15%rease in IPRs for large emitters such as
India and Mexico. Table 8 shows the impact of thiange on imports of low-carbon equipment
for each country, and Table 9 reports the valud-fok. We use the coefficients obtained from
the estimation of the model with the interactionnte between IPRs protection and the
absorptive capacities dummy because they takeartount the specificity of the developing

countries that we focus on in the simulation.

We find relatively large impacts. For instance, artp of equipment into India are expected
to grow by 17% for insulation materials. The effescéven greater for FDI, with an increase of
45% for solar PV, 62% for wind, and 47% for cleamehicles. There is also a substantial
negative effect equal to -31% for heating due tidis weak absorptive capacities in this
domain3? In short, if big emitters like India and Mexico rggo converge to the Chinese level
of IPRs protection, this would already make a digant difference in terms of international
transfer of climate change mitigation technologycept in technologies where these countries

have particularly low absorptive capacities.

32 Countries that have strong capacities, like Créea,an increase in FDI in heating.
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Table 4: IPRs protection and tradein low-carbon capital goods

Hydro  Solar PV Tﬁgrliral p\)/gi/r\]/gr Heating Insulation Lighting \(/:elﬁ?::rl]s;
Importer IPRs protection 0.228** 0.180 0.045 -0.057 0.033 0.055 0.067 0.325*
(0.094) (0.210) (0.069) (0.194) (0.038) (0.058) (0.050) (0.187)
Importer Absorptive capacities -0.073 0.187 0.092 0.039 -0.130** -0.018 -0.046 0.512**
(0.184)  (0.353) (0.076) (0.283) (0.057) (0.068) (0.086) (0.211)
Importer Log (GDP) 0.618* 3.013***  1.665*** 0.545  0.530***  0.855***  0.654**  2.270***
(0.357)  (0.573) (0.279) (0.840) (0.170) (0.326) (0.188) (0.391)
Importer Log (per capita GDP) -0.728  -5.798***  -2,434*** 0.960 -0.465 -0.531 -0.091 -2.036*
(0.882) (1.766) (0.502) (1.216) (0.315) (0.614) (0.422) (2.232)
Importer Effectively Applied Tariff 0.018 -0.031 -0.008 -0.021 0.001 -0.005 0.000 -0.009
(0.018)  (0.027) (0.012) (0.019) (0.009) (0.013) (0.009) (0.007)
Importer Nr. of Non-Tariff Measures | -0.041** 0.064 -0.033*  -0.310***  -0.007 -0.024***  -0.075*** -0.007
(0.019) (0.070) (0.020) (0.044) (0.009) (0.005) (0.017) (0.047)
Country pair in Trade Agreement (0/1) 0.091 -0.261 -0.13 1.501*** -0.003 0.192** 0.001 0.446
(0.294)  (0.261) (0.129) (0.410) (0.094) (0.095) (0.168) (0.422)
Exporter Log (GDP) 0.077  0.855*** 0.012  -1.478** 0.140 -0.657** 0.107 1.504*
(0.345)  (0.277) (0.359) (0.520) (0.115) (0.278) (0.265) (0.860)
Exporter Log (per capita GDP) 1.306*  2.197*** 1.579** 2.419** 0.244 1.892*** 1.943*** -1.712
(0.754)  (0.589) (0.790) (1.206) (0.426) (0.469) (0.691) (1.800)
Exporter IPRs protection -0.089 -0.005 0.114 0.462**  0.157*** 0.071*** -0.023 -0.007
(0.083)  (0.088) (0.089) (0.193) (0.038) (0.027) (0.117) (0.169)
Year fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair fixed effects Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 20,696 28,154 19,795 11,684 30,241 24,618 24,800 17,357
Nr. Country pairs 1,975 2,710 1,907 1,120 2,912 2,367 2,393 1,668

Notes: robust standard errors clustered at thpisetticountry level in parentheses. * Significanthe 10% level, ** significant at the 5% level, *significant at the 1% level.
All columns are estimated with the Pseudo Poissariiium Likelihood Estimator with all regressorsdad one year. The dependent variable is the shipvadune in low-

carbon goods expressed in thousands of currentas@zomputed from BACI data. The intellectual propaghts (IPRs) index is equal to the Park angllaldt (2008) index
multiplied by the legal systems and property rightsn the 2014 Economic Freedom Dataset publislyetthd Fraser Institute. Absorptive capacities ayeaéto the logged

stock of high-value inventions in the technolodiydex of tariff barriers and non-tariff barriersduilt from the TRAINS database. The country-pr@ide agreement equals 1

if both countries are in a free trade agreemeiat @rstom union based on the WTO Regional Tradeefgeats Information System.
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Table5: IPRsprotection and FDI in low-carbon technologies

Hydro Solar PV Solar Thermal  Wind power Heating ulation Lighting Cleaner vehicles
Importer IPRs protection 0.126 0.493*** 0.524*** 0.241 0.434* 0.051 0.371** 0.367***
(0.189) (0.110) (0.136) (0.193) (0.253) (0.244) (0.170) (0.113)
Importer Absorptive capacities 0.054 0.074 -0.106 0.205 -0.58 0.457 -0.495 -0.137
(0.375) (0.186) (0.229) (0.234) (0.393) (0.433) 343) (0.171)
Importer Log (GDP) 0.537 0.085 -0.022 0.296 1.650* 0.395 0 0.218
(0.637) (0.375) (0.375) (0.426) (0.927) (0.803) 663) (0.377)
Importer Log (per capita GDP) -1.927 -1.637*** -2 -0.127 -2.416* -0.251 -1.032 -0.486
(1.326) (0.606) (0.927) (1.081) (1.285) (1.742) 29r) (0.972)
Importer business regulations -0.290** -0.316*** @1 -0.316*** -0.417*** -0.627*** -0.009 -0.374**
(0.132) (0.081) (0.084) (0.087) (0.128) (0.214) 1{®) (0.084)
Importer labor market regulations 0.268 0.194* 0.08 0.266 -0.128 0.126 0.2 0.251*
(0.216) (0.103) (0.139) (0.165) (0.195) (0.358) 241) (0.146)
Importer controls of the movement of] 0.187 0.041 -0.013 0.07 0.011 0.03 0.037 0.077
capital and people (0.125) (0.062) (0.080) (0.071) (0.132) (0.173) 0t®) (0.071)
Country pair in Trade Agreement (0/3) -0.504 -0.12 -1.340* -0.213 -3.356***  -16.102*** 0.529 -0.402
(0.547) (0.735) (0.759) (0.524) (0.683) (0.964) 181) (0.589)
Exporter Log (GDP) -0.742 -0.39 0.322 -0.544 -0.36 0.359 -0.077 -0.404
(0.900) (0.371) (0.373) (0.695) (0.811) (1.376) 5{9) (0.504)
Exporter Log (per capita GDP) 5.724** 2.613 3.319 T2 2.319 -12.177 10.387* 3.884**
(2.638) (2.172) (2.301) (1.545) (4.000) (12.301) A7) (1.172)
Exporter IPRs protection 0.111 0.24 0.360** 0.117 .083 -0.183 -0.006 -0.177
(0.233) (0.165) (0.169) (0.148) (0.209) (0.319) 173) (0.118)
Year fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 948 1,817 1,790 1,710 1,190 523 7 99 1,916
Nr. Country-pairs 91 171 172 164 115 52 98 177

Notes: Robust standard errors in parentheses.nifigignt at the 10% level, ** significant at the S&vel, *** significant at the 1% level. All colunmare estimated with the Pseudo Poisson
Maximum Likelihood Estimator with all regressorgdgd one year. The dependent variable is the nuailieward FDI deals computed from Zephyr and Rat$ata. The intellectual property
rights (IPRs) index is equal to the Park and Ligp¢2008) index multiplied by the legal systems anaperty rights from the 2014 Economic FreedoneBet published by the Fraser Institute.
Absorptive capacities are equal to the logged stdthgh-value inventions in the technology. Im@obusiness regulations, labour market regulatiand controls of the movement of capital
and people come from the 2014 Economic FreedonmsBgpaublished by the Fraser Institute. The coupéiytrade agreement equals 1 if both countriegeaidree trade agreement or a custom
union based on the WTO Regional Trade Agreemeffasniration System.

31



Table 6: Heterogeneous effect of | PRs protection between OECD and non-OECD countries on tradein low-carbon capital goods and
FDI in low-carbon technologies

Hydro Solar PV Trsu(e)rI;ral ;/Xi/?/gr Heating Insulation Lighting \?;ﬁi?gsr
Trade  Non-OECD 0.464**  -0.769*  -0.370* -0.258 0.016 -0.005 0.063 0.707***
(0.179) (0.431) (0.191) (0.345) (0.073) (0.098) 0.120) (0.207)
OECD -0.062 0.454** 0.096 -0.020 0.039 0.064 0.067 0.151
(0.102) (0.198) (0.066) (0.222) (0.041) (0.063) 0.066) (0.260)
FDI Non-OECD 0.226 0.813** 0.587  0.948***  0.057 0.42 0.632 0.588
(0.461) (0.338) (0.391) (0.356) (0.663) (0.492) 0.445) (0.172)
OECD 0.081 0.403*** 0.503***  -0.085 0.608* -0.187 0.294 0.291***
(0.230) (0.101) (0.155) (0.206) (0.310) (0.333) 0.193) (0.104)

Notes: Robust standard errors clustered at thpiesticountry level in parentheses. * Significanthe 10% level, ** significant at the 5% level, *$ignificant at the
1% level. The two panels correspond to separatessipns that include an interaction term betwéenrécipient country IPRs protection index and enhy that
indicates whether the country is a member of th€DEAIl columns are estimated with the Pseudo RPoisdaximum Likelihood Estimator with all regresstagged
one year. For clarity, the control variables arereported in this table. The complete resultsaaaglable in Table 18 and Table 19 in Appendix C.
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Table 7: Heterogeneous effect of | PRs protection between countries with weak and strong absor ptive capacity on trade in low-carbon
capital goods and FDI in low-carbon technologies

Solar Wind Heatin Insulation Lightin Cleaner
Thermal  power g 9nting  enicles

Trade  Weak absorptive| 0.246  -0.956** -0.329  0.135  0.213** 0.226"  0.031  0.787**
capacity (0.192)  (0.326) (0.252) (0.899)  (0.103) (0.105) O0€®)  (0.296)
Strong absorptivg 0.210** 0.262 0.058 -0.052 0.025 0.041 0.072 0.229
capacity (0.104)  (0.199)  (0.070) (0.196) (0.038)  (0.060) .0EB)  (0.218)

FDI Weak absorptive -0.01 0.578 0.278 0.684**  -0.527** 0.645 0.434 (B5%
capacity (0.432)  (0.685) (0.356) (0.343) (0.261) (0.586) 3®®)  (0.182)
Strong absorptivdl  0.147  0.528** 0.567**  0.216 0.809** -0.182  0.286 0.307*
capacity 0.231)  (0.132)  (0.153) (0.255) (0.214) (0.352) .2f@®)  (0.156)

Notes: Robust standard errors clustered at thpiesticountry level in parentheses. * Significanthe 10% level, ** significant at the 5% level, *$ignificant at the
1% level. The two panels correspond to separatessipns that include an interaction term betwaenrécipient country IPRs protection index and bsogptive
capacity dummy that separates countries into twags. The dummy, specific to each technology, $28an the median of the average stock of highevialentions
during the observation period. All columns areraated with the Pseudo Poisson Maximum Likelihootinfzgtor with all regressors lagged one year. Farityl, the
controls variables are not reported in this tablee complete results are available in Table 20Tatde 21 in Appendix C.

Hydro Solar PV
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6. Conclusion

In this paper, we have combined international tradd FDI data to analyze the impact of
intellectual property rights protection on crossdew flows of climate change mitigation
technologies. Our data cover up to 62 countrieth(developed and developing) and include eight
low-carbon technologies in the energy producticamgportation, and building sectors. We exploit
the fact that IPRs stringency has evolved diffeadligtover time across countries in our dataset to
identify the impact of greater IPRs protection, &amdnalyse how this impact varies between OECD

and non-OECD countries and with the recipient cotmBibsorptive capacities.

At the global level, in the vast majority of castiscter IPRs regimes are found not to impede the
transfer of climate change mitigation technologit best, strengthening IPRs can increase the
transfer of several low-carbon technologies, irtipalar, it can boost the imports of capital goaus
hydro and cleaner vehicles, and foreign direct stments in solar PV, solar thermal, heating,

lighting, and cleaner vehicles.

The policy discussion on this issue primarily foesiesn North-South technology transfer towards
developing countries. In this respect, the resrksless clear-cut when we focus on the specifie ca
of non-OECD countries. The effect of strengtheniPBs protection on FDI is never negative, and
significantly positive for solar PV, wind power, cacleaner vehicles. It also increases imports of
hydro power equipment and cleaner vehicles. Howaveralso find that a stricter IP regime reduces
imports of solar PV and solar thermal equipmentdgod his may be bad news if it indicates strong
market power, implying higher technology prices] éimereby limiting the deployment of up-to-date
solar equipment in non-OECD countries. It may dsogood news if it reflects that non-OECD
countries become less dependent on imports of setdnologies, assuming that a stricter IPRs

regime induced more innovation in the first place.
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Our study conveys an important policy message. &ddly, on average, stricter IPRs protection
promotes the transfer of climate change mitigateshnologies through trade and FDI. However,
this is not the case for some technologies andtdesn- although our analysis of cross-country
heterogeneity remains superficial. As a resulteptial adjustment of IP rules aiming at fostering

technology transfer towards the South should beenoaida case-by-case basis.

Our findings are in line with the previous literegdooking at other commodities. Although our
scope is more specific, we believe that our emglirstrategy employing country-pair fixed effects
relies on weaker identifying assumptions. Howeitas,important to note that our FDI data has one
main caveat. We employ an ordinal, rather thanicatdmeasure of FDI between country pairs.
More comprehensive data, including data on othanghls of technology transfer, such as labour

circulation, could quantify international transfensre precisely.

We also examine only one dimension of IP regimes,the level of IPRs protection. Other IP-
related aspects are also debated, i.e. reinfordeaiemtitrust safeguards to limit potential market
power abuse, development of patent landscapingctease knowledge spillovers and help identify
potential blocking patenty and introduction of voluntary patent pools touegl transaction costs

and limit the duplication of royalty paymer¥sThese aspects are left for future resedrch.

33 Patent landscaping consists in the creation afrpatatabases and related visualisation software.

34 With voluntary patent pools, firms, universitiesaresearch institutions can pool all of their ptaeelated to
a particular technology and so propose a singl&ggged licence to users.

35 See Maskus K.E. (2010) for a review of the ecordodic of these differentiated IPRs for climateheologies.
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Table 8: Effect of aminimum level of IPRs on imports of low-carbon equipment

CO2 % change| % changein imports

Country emissions . Park in Park . . Cleaner

2013 (M) index 2010 index Hydro Heating Insulation vehicles
China 10,249 4.21 3% 4% n.s. n.s. n.s.
India 2,035 3.76 15% n.s. n.s. 17% n.s.
Mexico 489 3.75 15% 13% n.s. n.s. n.s.
Poland 302 4.00 8% 10% n.s. n.s. n.s.
Malaysia 237 3.68 18% 23% n.s. 25% n.s.
Argentina 190 3.56 22% 17% 17% 18% n.s.
Colombia 90 3.43 26% n.s. 21% n.s. 100%
Romania 71 4.00 8% 9% 9% n.s. n.s.
Hong Kong 45 3.81 14% n.s. n.s. n.s. n.s.
Bulgaria 40 3.88 12% n.s. 11% n.s. n.s.
Lithuania 13 3.88 12% n.s. 15% 16% 66%
Panama 10 3.35 29% n.s. 26% 28% 138%
Senegal 8 2.77 57% n.s. 38% 41% 231%
Cyprus 6 3.14 38% n.s. 47% 51% 319%
Malta 2 3.68 18% n.s. n.s. 28% 135%

Notes: % change in imports computed using the asticdhcoefficients in Table 7. Technologies for whilcere is no significant effect are not
reported here. Solar PV is excluded because érisive to an outlier. The CO2 emissions data cfsora UNEP (2016).
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Table 9: Effect of aminimum level of IPRson inward FDI in low-carbon technologies

CO2 Park % change | % changein FDI

Countr emissions index in Park Solar . . Cleaner

Y s (Mt) 2010 index | PPV ama  Wind o Heating e
China 10,249 4.21 3% 9% 10% n.s. 14% 5%
India 2,035 3.76 15% 45% n.s. 62% -31% 47%
Mexico 489 3.75 15% n.s. n.s. 50% n.s. 37%
Poland 302 4.00 8% n.s. n.s. 37% -22% 30%
Malaysia 237 3.68 18% n.s. n.s. 97% -41% 69%
Argentina 190 3.56 22% n.s. n.s. 66% n.s. 48%
Colombia 90 3.43 26% n.s. n.s. 83% n.s. n.s.
Romania 71 4.00 8% n.s. n.s. n.s. n.s. n.s.
Hong Kong 45 3.81 14% n.s. n.s. 91% -39% 65%
Bulgaria 40 3.88 12% n.s. n.s. n.s. -23% n.s.
Lithuania 13 3.88 12% n.s. n.s. 55% -29% 41%
Panama 10 3.35 29% n.s. n.s. n.s. n.s. n.s.
Senegal 8 2.77 57% n.s. n.s. n.s. n.s. n.s.
Cyprus 6 3.14 38% n.s. n.s. n.s. n.s. n.s.
Malta 2 3.68 18% n.s. n.s. n.s. n.s. n.s.

Notes: % change in FDI computed using the estimetedficients in Table 7. Technologies for whiclerth is no significant effect are not reported here.

The CO2 emissions data come from UNEP (2016).
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Appendix A. Definition of country groups, variables, and data sour ces

Table 10: List of recipient country by dataset

Country Trade FDI Country Trade FDI
dataset dataset dataset dataset

ARG X X LKA X

AUS X X LTU X X
AUT X X MEX X X
BEL X X MLI X

BEN X MLT X

BFA X MWI X

BGR X X MYS X X
BOL X NER X

BRA X X NGA X

CAN X X NIC X

CHL X NLD X X
CHN X X NPL X

Clv X NZL X X
COL X X PAK X

CRI X PAN X

CYP X PER X X
CZE X X PHL X X
DEU X X PNG X

DNK X X POL X X
ECU X PRT X X
ESP X X PRY X

ETH X ROU X

FIN X X RUS X X
FRA X X SEN X

GBR X X SGP X X
GHA X SLV X

GRC X SVK X X
HKG X X SWE X X
HND X TGO X

HUN X X THA X

IDN X X URY X

IND X X USA X X
IRL X X VEN X

ITA X X VNM X

JPN X X
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Table 11: Strong absor ptive capacities dummy

Cleaner
vehicles

Lighting

Insulation

Wind Heating

Solar
thermal

Country Hydro Solar PV

ARG
AUS
AUT
BEL

BEN

0

BGR
BOL

BRA
CAN
CHL

CHN
Cliv

COL
CRI

CYP
CZE

DEU

DNK
ECU
ESP
FIN

FRA

1
0

GBR

GHA

1

GRC
HKG
HND
HUN
IDN

IND

IRL

ITA

JPN

LTU

MEX
MLI

MLT

MYS
NER

NGA
NIC
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NLD
NZL
PAK
PAN

PER
PHL

PNG
POL
PRT

PRY

ROU
RUS
SEN

SGP
SLV
SVK

SWE
TGO

THA

USA
VEN

VNM
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Table 12: List of thetechnologiesin the patent classification

Energy generation from renewable and non-fossitcssu

Hydro power Hydro power stations; hydraulic turbines; submerggiits incorporating

generators; devices for controlling hydraulic tags

Solar PV Solar photovoltaic (conversion of light radiatiomta electrical energy), inc
panels

Solar thermal Use of solar heat for heating & auopli

wind power Wind motors (mechanisms for converting the energyatural wind into mec

power, and transmission of such power to its pofntise); blades; devices

controlling wind motors

Emissions abatement and fuel efficiency in trantstion

Electric vehicles Electric propulsion of vehiclestangement of batteries

Hybrid vehicles Hybrid propulsion systems compmgsatectric motorand internal combustion

Energy Efficiency in Buildings and Lighting

Hot-water and hogir central heating systems using heat pumps; gnies(

Heating

systems in air conditioning, ventilation or scregniheat pumps
Insulation Elements or materials used for heatlatgn; double-glazed windows
Lighting Compact fluorescent lamps; electrolumiregdight sources (LED)
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Table 13: List of low-carbon equipment goods

Technology

Code in the harr

system

Description

Renewable power generation

Hydro power 841011 Hydraulic turbines & water wheels, of a power ndtGo0kWwW
841012 Hydraulic turbines & water wheels, of a powerl800kW t
>10000kW
841013 Hydraulic turbines & water wheels, of a power > QORW
841090 Parts (incl.regulators) of the hydraulic turbines & water 1
8410.11-8410.13
Solar PV 854140 Photosensitive semiconductor devices, incl. phdtaim
whether/not assembled in modules/made up into palight e
diodes
Solar thermal 841919 Instantaneous/storage water heaters, aleotric (excl. of 8419.
Wind power 850231 Wind-powered electric generating sets

Energy efficiency in building

Heating 903210 Thermostats
841861 Compression-type refrigerating/freezing equip. vehosndens
heat exchangers, heat pumps other than air coniijomach
heading 84.15
841950 Heat exchange units, whether/not electrically hebate
Insulation 680610 Slag wool, rock wool & similar mineral wools (incinterm
thereof ), in bulk/sheets/rolls
680690 Mixtures & articles of heat-insulating/sound-inding/soundabs
mineral materials (excl. of 68.11/68.12/Ch.69)
700800 Multiple-walled insulating units of glass
701939 Webs, mattresses, boards & similar non-wopeducts of glas:
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Lighting

853931

Electric discharge lamps (excl. ultvélet lamps), fluoresci

cathode

Other sectors

Cleaner vehicles 870390

Vehicles principally designed for the transporpefsons (excl. «

& 8703.10-8703.24), with C-internal combustion piston

(diesel/semi-diesel), n.e.s. in 87.03

Table 14: List of NACE codes of the target industries by technology

Hydro Ss\lf ' tria Orlrigl Wind Heating Insulation Lighting \%ﬁﬁ:rlleesr
2351 0729 2013 2013 2521 1712 2611 2611
2361 2013 2221 2060 2651 1729 2660 2651
2651 2221 2311 2410 2751 2013 2670 2711
2711 2311 2319 2420 2790 2014 2712 2720
2712 2319 2521 2511 2813 2016 2720 2790
2790 2611 2611 2599 2814 2060 2731 2812
2811 2612 2651 2611 2825 2229 2740 2815
2813 2651 2670 2651 3530 2311 2790 2899
2815 2670 2711 2711 4120 2319 4120 2910
2899 2711 2712 2712 4299 2361 4321 2931
3315 2712 2720 2720 4321 2399 7112 2932
3511 2720 2731 2790 4322 2512 7120 3091
3513 2731 2790 2811 7112 2521 7219 4511
4222 2790 2811 2815 7120 2651 4519
4299 2899 2813 2899 7219 2712 5229
7112 3511 2899 3030 4120 7112
7120 3513 3511 3312 7112 7120
7219 4222 3513 3315 7120 7219

4321 4222 3511 7219 7711
7112 4299 3513
7120 7112 4222
7219 7120 4299
7219 7112
7120
7219

The labels of these industry codes are availalii¢tat/ec.europa.eu/competition/mergers/cases/inder_all.html

48



Table 15; Variable definition and data sour ces

Variable Definition Sour ce

Dependent variable

Shipment of low-carbon Volume of trade flows in low-carbon equipment Cepii's BACI database
equipment between two countries.
Number of FDI deals Number of deals between twatriies where the Bureau Van Dijk’s
investor owns a low-carbon patent in any country.  Zephyr database and
PATSTAT database
Regressors
IPRs protection index This index is the multiplioatof Park and Lippoldt  Park and Lippoldt (2008)
(2008)’s index and the Fraser Institute’s legatesys ~ and Fraser Institute’s
and property rights index. Economic Freedom of
the World 2015
Park index Park and Lippoldt (2008) is an indepatent Park and Lippoldt (2008)

protection rights determined by the summation of 5
components: (i) extent of coverage, (i) memberghip
international treaties, (iii) duration of protectidiv)
absence of restrictions on rights, and (v) stayutor
enforcement provision.

Legal system and property This index is built from the aggregation of 4 Fraser Institute’s
rights components: (i) legal enforcement of contract}, (i Economic Freedom of
judicial independence, (iii) impartial courts, aiin) the World 2015
the integrity of the legal system.

Log (parent/exporter GDP) Parent/exporter count@ress Domestic Product in  World Bank’'s World
current USD. Development Indicators
Log (host/importer GDP) Recipient/importer counsraross Domestic Product World Bank’s World
in current USD. Development Indicators
Effectively Applied Tariff Simple Average of Effectively Applied Ad Valorem TRAINS
tariff computed at the technology level.
Number of Non-Tariff Measures Number of imports ath-IP related non-tariff TRAINS

measures computed at the technology level.

Freedom of FDI and movement The index is constructed through the calculatioth an Fraser Institute’s

of people aggregation of 3 indicators: (i) foreign Economic Freedom of
(O - 10 best) ownership/investment restrictions, (ii) capital tois, the World 2015
and (iii) freedom of foreigners to visit.
Labour regulations (0 - 10 The index is constructed through the calculatioth an Fraser Institute’s
flexible) aggregation of 6 indicators: (i) difficulty of hirg, (i)  Economic Freedom of
flexibility of hiring and firing regulations, (iii) the World 2015

centralization of wage bargaining, (iv) rigidity of
working hours, (v) mandated cost of worker disnlissa
and (vi) military conscription.

Burden of business regulations The index is constructed through the calculatioth an Fraser Institute’s

(O - 10 flexible) aggregation of 6 indicators: (i) administrative Economic Freedom of
requirements, (ii) bureaucracy costs, (iii) timelan the World 2015
money required to start a business, (iv) extra paym
frequency, (v) licensing restrictions, and (vi) toktax
compliance.

Absorptive capacities Stock of high-value patent&nted by domestic Patstat
inventors. The stock is discounted by 15% yearly,
which is standard in the literature. The stocloggged
in regressions to avoid potential outliers.
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Appendix B. Descriptive statistics and stylised facts

Table 16: Summary statisticsfor the trade model estimation

Variable Obs Mean Std. Dev. Min M ax

Shipment value in thousand USD

Hydro 45,188 181 1,518 0 85,242
Solar PV 45,188 5,142 83,045 0 7,907,201
Solar thermal 45,188 275 4,583 0 307,976
wind power 45,188 878 15,304 0 915,577
Heating 45,188 2,195 13,725 0 473,487
Insulation 45,188 834 7,127 0 332,403
Lighting 45,188 759 9,622 0 800,822
Energy efficiency 45,188 286 5,334 0 478,743
Cleaner vehicles 45,188 181 1,518 0 85,242
Regressors

Importer IPRs protection 45,188 5.48 2.38 1.20 10.00
Importer Log (GDP) 45,188 26.08 1.92 20.98 30.34
Importer Log (per capita GDP) 45,188 8.92 1.56 5.16 10.90
Country pair in Trade Agreement (0/1) 45,188 8.58 1.62 4.95 11.14
Exporter Log (GDP) 45,188 4.88 2.36 0.54 10.00
Exporter Log (per capita GDP) 45,188 5.48 2.38 1.20 10.00
Exporter IPRs protection 45,188 1.71 2.08 0 8.29
Simple average of effectively applied

tariff

Hydro 45,188 3.23 4.10 0.00 25.00
Solar PV 45,188 1.39 3.34 0.00 20.00
Solar thermal 45,188 7.03 8.65 0.00 53.33
Wind power 45,188 2.66 4.49 0.00 26.27
Heating 45,188 4.27 5.75 0.00 28.03
Insulation 45,188 6.21 7.07 0.00 38.50
Lighting 45,188 7.68 9.24 0.00 40.00
Energy efficiency 45,188 20.32 28.44 0.00 178.33
Cleaner vehicles 45,188 3.23 4.10 0.00 25.00
Number of non-tariff measures

Hydro 45,188 3.06 5.82 0 41

Solar PV 45,188 0.92 1.71 0 10

Solar thermal 45,188 1.01 2.00 0 10

Wind power 45,188 1.04 1.95 0 11

Heating 45,188 3.48 5.60 0 36

Insulation 45,188 2.27 491 0 40

Lighting 45,188 1.27 2.08 0 12

Energy efficiency 45,188 1.89 2.89 0 15

Cleaner vehicles 45,188 3.06 5.82 0 41
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Absorptive capacities

Hydro 45,188 1.29 1.35 0.00 5.08
Solar PV 45,188 1.79 2.03 0.00 7.86
Solar thermal 45,188 1.63 1.70 0.00 6.47
Wind power 45,188 1.79 1.83 0.00 6.85
Heating 45,188 1.59 1.81 0.00 6.25
Insulation 45,188 0.68 1.07 0.00 4.09
Lighting 45,188 1.53 1.78 0.00 6.31
Energy efficiency 45,188 1.71 2.08 0.00 8.29
Cleaner vehicles 45,188 1.29 1.35 0.00 5.08
Table 17: Summary statisticsfor the FDI model estimation
Variable Obs Mean Std. Dev. Min M ax
Number of FDI deals
Hydro 20,782 0.01 0.14 0 5
Solar PV 23,093 0.03 0.24 0 9
Solar thermal 23,402 0.02 0.22 0 9
Wind power 23,963 0.02 0.22 0 9
Heating 20,698 0.01 0.14 0 5
Insulation 17,045 0.01 0.10 0 3
Lighting 19,396 0.02 0.17 0 8
Cleaner vehicles 24,368 0.03 0.27 0 13
Regressors
Recipient IPRs protection 26,872 6.45 1.93 1.62 10.00
Recipient Log (GDP) 26,872 26.74 1.38 22.94 30.34
Recipient Log (per capita GDP) 26,872 9.61 1.23 6.35 11.38
Recipient business regulations 26,872 6.36 1.08 2.89 8.89
Recipient labor market regulations 26,872 6.17 1.52 2.81 9.46
Recipient controls of the movement 026,872 6.11 1.88 0.77 9.57
capital and people
Country pair in Trade Agreement (0/136,872 0.16 0.37 0.00 1.00
Investor Log (GDP) 26,872 26.06 1.63 22.21 30.34
Investor Log (per capita GDP) 26,872 9.20 1.35 5.79 11.38
Investor IPRs protection 26,872 5.74 2.10 0.90 10.00
Absorptive capacities
Hydro 26,872 1.72 1.27 0 5.08
Solar PV 26,872 2.37 1.96 0 7.86
Solar thermal 26,872 2.21 1.53 0 6.47
Wind power 26,872 2.35 1.68 0 6.85
Heating 26,872 2.17 1.72 0 6.25
Insulation 26,872 0.86 1.09 0 4.09
Lighting 26,872 2.01 1.72 0 6.31
Cleaner vehicles 26,872 2.26 1.97 0 8.29
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Figure 2: Between country variation in | PRs protection
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Note Values average over 2001-2011. IPRs protectioalé¢d from O to 10) is the product of
two indices: IPRs index by Park and Lippoldt (20@8)3 the Fraser Institute’s legal system
index. GDP per capita comes from the World Bank.
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Appendix C. Additional regression results

Table 18: Effect of | PRs protection on importsin non-OECD and OECD countries

Hydro Solar PV Tﬁgrlaral ;/:I)U\;gr Heating Insulation Lighting \%ﬁi?:sr
Importer IPRs x OECD (0/1) -0.526**  1.223***  0.466*** 0.238 0.023 0.069 0.004 -0.557*
(0.209) (0.422) (0.180) (0.395) (0.078) (0.105) (0.155) (0.327)
Importer IPRs protection 0.464*** -0.769* -0.370* -0.258 0.016 -0.005 0.063 0.707***
(0.179) (0.431) (0.191) (0.345) (0.073) (0.098) (0.120) (0.207)
Importer Absorptive capacities -0.124 0.274 0.158** 0.112  -0.132* -0.015 -0.044 0.514**
(0.192) (0.368) (0.080) (0.289)  (0.058) (0.070) (0.086) (0.203)
Importer Log (GDP) 0.715*  2.481**  1.575%* 0.508  0.526*** 0.841**  0.649*** 2.390***
(0.363) (0.548) (0.281) (0.847)  (0.173) (0.314) (0.196) (0.378)
Importer Log (per capita GDP) -1.058 -3.930*  -1.594*** 1.32 -0.423 -0.41 -0.068 -2.471%*
(0.980) (2.285) (0.609) (2.397)  (0.361) (0.555) (0.488) (1.216)
Importer Effectively Applied Tariff 0.02 -0.076** -0.01 -0.018 0.001 -0.006 0 -0.009
(0.020) (0.034) (0.012) (0.017)  (0.009) (0.013) (0.009) (0.007)
Importer Nr. of Non-Tariff Measures | -0.045** 0.109* -0.028 -0.311***  -0.007 -0.023*** -0.075*** -0.016
(0.020) (0.063) (0.018) (0.043) (0.009) (0.005) (0.015) (0.044)
Country pair in Trade Agreement (0/1) 0.108 -0.368 -0.184 1.469*** -0.013 0.184** -0.015 0.475
(0.280) (0.256) (0.117) (0.436) (0.095) (0.091) (0.169) (0.423)
Exporter Log (GDP) 0.095 0.841%** 0.007 -1.449%**  0.149  -0.665** 0.126 1.563*
(0.336) (0.264) (0.343) (0.514) (0.115) (0.281) (0.269) (0.873)
Exporter Log (per capita GDP) 1.215*%  2.240%** 1.594** 2.456** 0.226  1.896***  1.911*** -1.794
(0.733) (0.563) (0.769) (2.207)  (0.426) (0.471) (0.700) (1.839)
Exporter IPRs protection -0.069 0.005 0.118 0.441* 0.159** 0.071*** -0.023 -0.012
(0.079) (0.092) (0.090) (0.186)  (0.038) (0.027) (0.117) (0.168)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair FE Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 20,434 27,767 19,504 11,526 29,844 24,262 24,451 17,168
Nr. Country-pairs 1,970 2,692 1,901 1,116 2,907 2,360 2,385 1,659

Notes: Robust standard errors clustered at thpiesdicountry level in parentheses. * Significanthe 10% level, ** significant at the 5% level,*$ignificant at the 1% level. All
columns are estimated with the Pseudo Poisson Marifdkelihood Estimator with all regressors laggete year. The dependent variable is the shipmdoeva low-carbon
goods expressed in thousands of current USD angwieah from BACI data. The intellectual propertyhtig) (IPRs) index is equal to the Park and Lipp6008) index multiplied
by the legal systems and property rights from @®42Economic Freedom Dataset published by the Fhasttute. Absorptive capacities are equal toltigged stock of high-value
inventions in the technology. Indices of tarifibi@rs and non-tariff barriers are built from thBAINS database. The country-pair trade agreemamdled. if both countries are in
a free trade agreement or a custom union basetkdWTO Regional Trade Agreements Information System
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Table 19: Effect of | PRs protection on FDI in non-OECD and OECD countries

Hydro Solar PV Solar Thermal  Wind power Heating ulation Lighting Cleaner vehicles
Importer IPRs x OECD (0/1) -0.145 -0.41 -0.084 -1.033** 0.552 -0.607 -0.338 -0.247
(0.556) (0.358) (0.449) (0.463) (0.842) (0.648) (0.506) (0.175)
Importer IPRs protection 0.226 0.813** 0.587 0.948*** 0.057 0.42 0.632 0.538***
(0.461) (0.338) (0.391) (0.356) (0.663) (0.492) (0.445) (0.172)
Importer Absorptive capacities 0.025 0.026 -0.122 -0.252 -0.526 0.414 -0.499 -0.105
(0.357) (0.194) (0.198) (0.242) (0.410) (0.433) (0.345) (0.174)
Importer Log (GDP) 0.573 0.215 0.016 0.695* 1.365 0.68 0.158 0.36
(0.683) (0.345) (0.473) (0.362) (1.055) (0.923) (0.662) (0.387)
Importer Log (per capita GDP) -2.146 -2.411%* -1.853 -2.070* -1.298 -1.335 -1.797 -1.098
(1.856) (1.060) (1.650) (1.190) (2.347) (2.500) (2.075) (1.142)
Importer business regulations -0.289** -0.298*** -0.169* -0.287***  -0.429***  -0.603*** 0.001 -0.373***
(0.134) (0.086) (0.087) (0.091) (0.126) (0.212) (0.117) (0.084)
Importer labor market regulations 0.263 0.206** 0.092 0.255* -0.125 0.097 0.21 0.251*
(0.216) (0.104) (0.136) (0.136) (0.199) (0.343) (0.233) (0.143)
Importer controls of the movement of] 0.195 0.071 -0.009 0.138* -0.013 0.09 0.056 0.092
capital and people (0.120) (0.068) (0.081) (0.075) (0.131) (0.195) (0.110) (0.072)
Country pair in Trade Agreement (0/1) -0.456 -0.073 -1.326* -0.036 -3.600***  -15,942*** 0.546 -0.37
(0.578) (0.714) (0.769) (0.460) (0.765) (0.849) (2.168) (0.556)
Exporter Log (GDP) -0.721 -0.359 0.329 -0.476 -0.498 0.288 -0.074 -0.37
(0.913) (0.371) (0.363) (0.704) (0.809) (1.390) (0.560) (0.501)
Exporter Log (per capita GDP) 5.727** 2.609 3.315 6.877*** 2.607 -12.359 10.412** 3.900***
(2.640) (2.188) (2.297) (1.609) (4.069) (12.362) (4.205) (1.162)
Exporter IPRs protection 0.105 0.239 0.360** 0.088 0.09 -0.246 -0.001 -0.182
(0.232) (0.163) (0.166) (0.145) (0.215) (0.311) (0.172) (0.119)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair FE Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 948 1,817 1,790 1,710 1,190 523 997 1,916
Nr. Country-pairs 91 171 172 164 115 52 98 177

Notes: Robust standard errors in parentheses.niffeignt at the 10% level, ** significant at the S#&vel, *** significant at the 1% level. All colunmare estimated with the Pseudo Poisson
Maximum Likelihood Estimator with all regressorgdgd one year. The dependent variable is the nuafbbeward FDI deals computed from Zephyr and Ratdata. The intellectual property
rights (IPRs) index is equal to the Park and Ligp¢2008) index multiplied by the legal systems anaperty rights from the 2014 Economic FreedoneBet published by the Fraser Institute.
Absorptive capacities are equal to the logged stdelgh-value inventions in the technology. Imieos business regulations, labour market regutatiand controls of the movement of capital
and people come from the 2014 Economic FreedomsBpaiblished by the Fraser Institute. The coupéiytrade agreement equals 1 if both countriesnaadree trade agreement or a custom
union based on the WTO Regional Trade Agreemeffsniration System.
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Table 20: Effect of | PRs protection on imports as a function of absor ptive capacities

Hydro Solar PV Tﬁé):?{m gg;gr Heating Insulation Lighting \%ﬁi?:sr
Importer IPRs x High capacities (0/1)] -0.036 1.218*** 0.388 -0.187 -0.187*  -0.185* 0.04 -0.558
(0.213) (0.308) (0.255) (0.922)  (0.099) (0.110) (0.118) (0.373)
Importer IPRs protection 0.246 -0.956*** -0.329 0.135 0.213**  0.226** 0.031 0.787***
(0.192) (0.326) (0.252) (0.899) (0.103) (0.105) (0.099) (0.296)
Importer Absorptive capacities -0.078 0.128 0.069 0.088 -0.107* -0.012 -0.051 0.551***
(0.188) (0.358) (0.076) (0.292)  (0.055) (0.069) (0.093) (0.199)
Importer Log (GDP) 0.58 3.236***  1.713*** 0.584  0.496** 0.857***  (0.656*** 2.250%**
(0.366) (0.529) (0.284) (0.851) (0.169) (0.322) (0.190) (0.395)
Importer Log (per capita GDP) -0.628  -6.037***  -2.433%** 0.784 -0.438 -0.537 -0.104 -1.804
(0.898) (1.788) (0.493) (2.197)  (0.309) (0.623) (0.426) (1.264)
Importer Effectively Applied Tariff 0.021 -0.022 -0.011 -0.021 0.002 -0.001 0.000 -0.006
(0.018) (0.026) (0.012) (0.019)  (0.009) (0.012) (0.009) (0.006)
Importer Nr. of Non-Tariff Measures | -0.040** 0.052 -0.032*  -0.316***  -0.007 -0.025*** -0.074*** -0.017
(0.019) (0.074) (0.019) (0.044)  (0.009) (0.004) (0.017) (0.046)
Country pair in Trade Agreement (0/1) 0.095 -0.318 -0.136 1.539*** -0.004 0.193** 0.001 0.483
(0.294) (0.259) (0.124) (0.420)  (0.095) (0.093) (0.168) (0.417)
Exporter Log (GDP) 0.069 0.862*** -0.007 -1.496**  0.142  -0.661** 0.104 1.612*
(0.335) (0.274) (0.357) (0.527)  (0.114) (0.279) (0.266) (0.897)
Exporter Log (per capita GDP) 1.307*  2.164*** 1.584** 2.301* 0.237  1.884***  1.944*** -1.863
(0.763) (0.587) (0.789) (2.190) (0.427) (0.471) (0.697) (1.869)
Exporter IPRs protection -0.100 0.003 0.124 0.470** 0.157**  0.068** -0.023 0
(0.083) (0.090) (0.090) (0.195)  (0.039) (0.027) (0.117) (0.170)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair FE Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 20,073 27,264 19,125 11,354 29,209 23,875 23,954 16,876
Nr. Country-pairs 1,897 2,602 1,826 1,082 2,787 2,279 2,291 1,604

Notes Robust standard errors clustered at theieetipountry level in parentheses. * Significantret 10% level, ** significant at the 5% level, *Significant at the 1% level. All
columns are estimated with the Pseudo Poisson Maritikelihood Estimator with all regressors laggete year. The dependent variable is the shipmdoeva low-carbon
goods expressed in thousands of current USD anguteeh from BACI data. The intellectual propertyhtig) (IPRs) index is equal to the Park and Lipp(608) index multiplied
by the legal systems and property rights from @®42Economic Freedom Dataset published by the Fhasttute. Absorptive capacities are equal toltigged stock of high-value
inventions in the technology. Indices of tarifibi@rs and non-tariff barriers are built from thBRAINS database. The country-pair trade agreemamdled. if both countries are in
a free trade agreement or a custom union basduedWTO Regional Trade Agreements Information SysfEme absorptive capacity dummy, specific to eachnology, is based

on the average stock of high-value inventions dytire observation period.
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Table 21: Effect of |PRs protection on FDI as a function of absor ptive capacities

Hydro Solar PV Solar Thermal ~ Wind power Heating ulation Lighting Cleaner vehicles
Importer IPRs x High capacities (0/ 0.158 -0.050 0.289 -0.469 1.336*** -0.827 -0.148 -0.236
(0.497) (0.717) (0.400) (0.446) (0.302) (0.657) (0.526) (0.207)
Importer IPRs protection -0.01 0.578 0.278 0.684** -0.527** 0.645 0.434 0.543***
(0.432) (0.685) (0.356) (0.343) (0.261) (0.586) (0.355) (0.182)
Importer Absorptive capacities -0.104 0.006 -0.092 -0.311 -0.324 0.498 -0.423 -0.023
(0.440) (0.227) (0.271) (0.243) (0.461) (0.430) (0.505) (0.185)
Importer Log (GDP) 0.443 0.141 -0.041 0.343 1.368 0.628 -0.112 0.183
(0.680) (0.438) (0.416) (0.430) (0.942) (0.914) (0.664) (0.413)
Importer Log (per capita GDP) -1.888 -1.740%** -1.871* -0.031 -3.656*** -0.183 -0.903 -0.548
(1.448) (0.667) (0.960) (1.152) (1.335) (1.974) (1.430) (1.094)
Importer business regulations -0.252* -0.302*** -0.127 -0.277**  -0.348***  -0.556*** 0.004 -0.357***
(0.132) (0.087) (0.087) (0.086) (0.112) (0.198) (0.139) (0.086)
Importer labor market regulations 0.295 0.241** 0.141 0.201 0.04 -0.027 0.21 0.288**
(0.238) (0.100) (0.144) (0.188) (0.220) (0.403) (0.238) (0.147)
Importer controls of the movement of 0.238* 0.072 0.063 0.030 0.209 0.031 0.103 0.155
capital and people (0.122) (0.087) (0.101) (0.081) (0.145) (0.305) (0.159) (0.106)
Country pair in Trade Agreement (0/1) -0.890** -0.589 -1.772*% -0.500 -2.846**  -15,150***  -1.413*** -0.709
(0.416) (0.768) (0.688) (0.538) (0.605) (0.949) (0.467) (0.658)
Exporter Log (GDP) -0.834 -0.45 0.301 -0.684 -0.267 0.116 -0.264 -0.153
(0.924) (0.411) (0.400) (0.758) (0.836) (1.495) (0.577) (0.514)
Exporter Log (per capita GDP) 5.545** 3.678* 3.077 6.587*** 0.956 -10.999  10.948*** 3.767***
(2.607) (2.053) (2.407) (1.538) (3.955) (12.720) (4.117) (1.243)
Exporter IPRs protection 0.156 0.275 0.395** 0.093 0.154 -0.309 -0.073 -0.161
(0.240) (0.183) (0.179) (0.155) (0.214) (0.330) (0.190) (0.129)
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair FE Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 845 1,544 1,598 1,515 1,037 475 877 1,633
Nr. Country-pairs 80 144 150 144 100 47 84 151

Notes: Robust standard errors in parentheses.niffeignt at the 10% level, ** significant at the S#&vel, *** significant at the 1% level. All colunmare estimated with the Pseudo Poisson
Maximum Likelihood Estimator with all regressorgdgd one year. The dependent variable is the nuafbbeward FDI deals computed from Zephyr and Ratdata. The intellectual property
rights (IPRs) index is equal to the Park and Ligp¢2008) index multiplied by the legal systems anaperty rights from the 2014 Economic FreedomaeBett published by the Fraser institute.
Absorptive capacities are equal to the logged stdelgh-value inventions in the technology. Imieos business regulations, labour market regutatiand controls of the movement of capital
and people come from the 2014 Economic FreedomsBataublished by the Fraser institute. The coup#iy-trade agreement equals 1 if the two counariesin a free trade agreement or a
custom union based on the WTO Regional Trade Agee¢srinformation System.
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Appendix D. Robustness checks

Table 22: IPRs protection and trade in low-carbon capital goods

Hydro  Solar PV Trsu(e)rI;ral p\)/:tl)ilr\]/gr Heating Insulation Lighting \?;ﬁi?gsr
Importer IPRs protection 0.163**  0.212 0.025 -0.187 0.032 -0.002 0.031  0.258**
(0.081) (0.227)  (0.108) (0.193)  (0.038) (0.041) (0.045) (0.112)
Importer Absorptive capacities -0.057 0.062 0.100 .02B -0.112** 0.014 -0.020  0.571***
(0.155)  (0.330) (0.080) (0.267) (0.054) (0.065) 0m) (0.196)
Importer Log (GDP) 0.624  3.083*** 1.687*** 0.698  ®5***  0.513* 0.662*** 2.005***
(0.426) (0.602) (0.399) (0.838) (0.160) (0.297) 199) (0.270)
Importer Log (per capita GDP) -0.815 -5.634**¥2,333*** 0.069 -0.251 -0.109 0.392 -1.392
(0.877)  (1.630) (0.800) (1.361) (0.275) (0.594) 3M) (0.923)
Importer Effectively Applied Tariff 0.004 -0.022 13 -0.009 -0.008 -0.015 -0.003  -0.015**
(0.016)  (0.025) (0.011) (0.020) (0.009) (0.010) 003) (0.007)
Importer Nr. of Non-Tariff Measures -0.038** 0.103*  -0.064*** -0.267***  -0.011 -0.015*  -0.048** -0.055
(0.016)  (0.060) (0.020) (0.048) (0.010) (0.008) 01®) (0.035)
Country pair in Trade Agreement (0/1)  -0.061 -0.42 -0.274*  1.532*** -0.025 0.047 0.063 -0.043
(0.303) (0.291) (0.134) (0.436) (0.066) (0.127) 1PB) (0.233)
Exporter-year fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes
Country-pair fixed-effects Yes Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 21,008 30,071 20,369 10,979 34,47726,801 26,029 17,415

Notes: robust standard errors clustered at thpiggtti country level in parentheses. * Significantree 10% level, ** significant at the 5% level,*significant at the 1% level. All
columns are estimated with the Pseudo Poisson Mamiirikelihood Estimator with all regressors laggea: year. The dependent variable is the shipméuaé wa low-carbon goods
expressed in thousands of current USD and comgraedBACI data. The intellectual property right®Rs) index is equal to the Park and Lippoldt (2008gx multiplied by the
legal systems and property rights from the 2014Bouc Freedom Dataset published by the FrasetuistiAbsorptive capacities are equal to the loggedk of high-value inventions
in the technology. Indices of tariff barriers amzh-tariff barriers are built from the TRAINS dasale. The country-pair trade agreement equals dtlif tountries are in a free trade
agreement or a custom union based on the WTO Ralgloade Agreements Information System.
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Table 23: IPRs protection and FDI in low-carbon technologies

Solar wind . N Cleaner
Hydro  Solar PV Thermal power Heating Lighting vehicles
Importer IPRs protection 0.127  0.442*** 0.488*** 0.282 0.497* 0.355** 0.359**
(0.235)  (0.125) (0.141) (0.183) (0.255) (0.148) (0.140)
Importer Absorptive capacities -0.049 0.065 -0.177 -0.053 -0.657 -0.52 -0.124
(0.340) (0.191) (0.233) (0.234) (0.420) (0.324) 173)
Importer Log (GDP) 0.619 0.103 -0.048 0.259 1.797* 0.182 0.166
(0.814) (0.415) (0.388) (0.432) (0.973) (0.548) 361)
Importer Log (per capita GDP) -2.597 -1.682** -1274 -0.423 -3.093** -0.967 -0.362
(1.707) (0.671) (0.972) (2.009) (1.522) (1.344) 0opy)
Importer business regulations -0.255**  -0.318*** .108 -0.304***  -0.350** -0.001 -0.351***
(0.121) (0.094) (0.095) (0.095) (0.152) (0.107) 00®)
Importer labor market regulations 0.367** 0.204* 181 0.317** -0.008 0.137 0.246*
(0.184) (0.106) (0.163) (0.156) (0.199) (0.233) 128)
Importer controls of the movement of| 0.279** 0.034 0.03 0.044 0.026 0.012 0.063
capital and people (0.132) (0.064) (0.084) (0.068) (0.159) (0.098) o)
Country pair in Trade Agreement (0/1 -0.542 -0.198 -1.503* -0.158 -4.209*** 0.744 -0.202
(0.724) (0.710) (0.770) (0.486) (1.443) (1.701) 664.)
Exporter-year fixed-effects Yes Yes Yes Yes Yes Yes Yes
Country-pair fixed-effects Yes Yes Yes Yes Yes Yes Yes
Nr. Observations 756 1,475 1,428 1,462 899 809 31,56

Notes: Robust standard errors in parentheses niffsignt at the 10% level, ** significant at the S&vel, *** significant at the 1% level. All colunmare estimated with the Pseudo
Poisson Maximum Likelihood Estimator with all reggers lagged one year. The dependent variable isuimber of inward FDI deals computed from Zepmygt Ratstat data. The
intellectual property rights (IPRs) index is eqtmathe Park and Lippoldt (2008) index multiplied the legal systems and property rights from thedZBdonomic Freedom Dataset
published by the Fraser Institute. Absorptive céfgscare equal to the logged stock of high-valaentions in the technology. Importer’s businesgutations, labour market
regulations, and controls of the movement of capitd people come from the 2014 Economic Freedotad@apublished by the Fraser Institute. The coupdir trade agreement
equals 1 if both countries are in a free tradeagent or a custom union based on the WTO RegiamaleTAgreements Information System.
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Table 24: Trade model estimation with or without environmental regulations stringency

Solar . , . I Cleaner
Group Control Hydro Solar PV thermal wind Heating  Insulation  Lighting vehicles

Yale University’s Environmental Performance Index

All countries  Yes 0.106 0.202 0.023 -0.057 0.038 120. -0.068 0.469*
No 0.093 0.089 0.015 -0.045 0.042 0.127* -0.065 498+

OECD Yes -0.069 0.627*** 0.032 0.129 0.033 0.089 .120* 0.227
No -0.11 0.401* 0.03 0.164 0.035 0.078 -0.131* 8a.1

Non OECD Yes 0.161 -0.463** -0.123 -0.567** 0.069 .286*** 0.136 0.476*
No 0.139 -0.513** -0.129 -0.563** 0.071 0.302*** 0.144 0.597**

World Economic Forum’s executive opinion surveyeindf environmental regulations stringency

All countries  Yes -0.268 0.155 0.038 0.288 0.083* .12a -0.133* 0.392
No -0.187 -0.056 0.029 0.222 0.091* 0.117 -0.138* 0.332

OECD Yes -0.32 0.704*** 0.096 0.514 0.078* 0.116  .2AP** 0.504*
No -0.321 0.474* 0.073 0.369 0.067 0.097 -0.227** 0.269

Non OECD Yes -0.234 -0.905*** -0.338** -0.468 -0.035 0.23 0.143 0.167
No -0.07 -0.775*** -0.251 -0.488 0.012 0.219* 0.16 0.256

Notes: For clarity, only the coefficient of the IPRrotection variable is reported. The standardrerare clustered at the importing country levéle Estimation sample
within the trade panel is identical. The rows a@pasate regressions. Note that the estimation ssnaplresponding to these tables feature at |688stf@wer observations

than the baseline estimation.
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Table 25: FDI model estimation with or without environmental regulations stringency

Group Control Hydro Solar PV Solar Wind Heating Insulation  Lighting Cleaner
thermal vehicles

Yale University’s Environmental Performance Index

All countries Yes -0.236 0.145 0.14 0.25 -0.122 96.2 0.081 0.106
No -0.116 0.178 0.179 0.268 -0.046 0.292 0.057 0D.1
OECD Yes -0.407 -0.226 0.02 -0.375 0.197 0.383 7®.1 0.013
No -0.153 -0.01 0.207 -0.332 0.434 0.529 -0.181 072.
Non OECD Yes 0.2 0.817 0.531 0.665 -0.28 -0.183  58d. -0.014
No 0.151 0.842 0.526 0.802* -0.321 -0.016 -0.508 .050
World Economic Forum’s executive opinion surveyeindf environmental regulations stringency
All countries Yes -0.019 0.382 0.814*** 0.376 0.637 2.153*** 0.003 0.038
No -0.318 0.365* 0.728** 0.124 0.575 1.091 -0.04 14%
OECD Yes -0.048 0.16 0.633** -0.088 1.030** 5.850** -0.434 0.132
No -0.435 0.158 0.582** -0.284 0.943** 3.478* -681 0.193
Non OECD Yes 0.517 2.627 3.182** 2.327** 0.331 1.25 1.235 -0.454
No 0.592 1.132 2.121** 0.927 -0.371 1.139 1.191 .3-0

Notes: For clarity, only the coefficient of the IPRrotection variable is reported. The standardrerare clustered at the importing country levéle Estimation sample
within the FDI panel is identical. The rows areagpe regressions. Note that the estimation sarmplessponding to these tables feature at leastf2@fr observations
than the baseline estimation. The Yale UniversiBrisironmental Performance Index is described taitim Emerson et al. (2012).
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Table 26: Estimation with alternative sets of controls

Trade Hydro Solar PV Tk?grlﬁ]ral [\)/(\;:/?/gr Heating Insulation  Lighting \?elﬁﬁ;':sr
Baseline 0.228** 0.18 0.045 -0.057 0.033 0.055 0.067 0.325*
(0.094) (0.210) (0.069) (0.194) (0.038) (0.058)  0O®Hm) (0.187)
Without trade policy controls 0.207* 0.184 0.041 -0.083 0.034 0.113 0.068 0.343*
(0.113) (0.191) (0.070) (0.209) (0.032) (0.070) O%W) (0.185)
Without exporter controls 0.254*** 0.111 0.025 -0.092 0.017 0.07 0.021 0.355*
(0.091) (0.229) (0.052) (0.189) (0.037) (0.058)  0O®HW) (0.184)
Without importer controls 0.197** -0.163 0.015 -0.021 0.01 0.035 0.064 0.244
(0.087) (0.176) (0.071) (0.177) (0.034) (0.061) 0O%W) (0.183)
FDI Hydro Solar PV Tk?grls]ral [\)/(\;:/?/gr Heating Insulation  Lighting \?elﬁﬁ;':sr
Baseline 0.126 0.493***  (0.524*** 0.241 0.434* 0.051 0.371**  0.367***
(0.189) (0.110) (0.136) (0.193) (0.253) (0.244) .170) (0.113)
Without trade policy controls 0.182 0.503***  0.454*  0.259 0.255 -0.027 0.388**  0.388***
(0.198) (0.109) (0.142) (0.194) (0.272) (0.270) .1[@) (0.111)
Without exporter controls 0.113 0.465**  0.472** . ZP9 0.431* 0.027 0.346**  0.380***
(0.178) (0.105) (0.124) (0.178) (0.251) (0.223) .1€1) (0.104)
Without importer controls -0.086 0.341**  0.385*** (0.144 0.298 -0.007 0.303**  0.273***
(0.126) (0.129) (0.128) (0.155) (0.220) (0.191) 14M®) (0.101)

Notes: For clarity, only the coefficient and stamblerror of the IPRs protection variable is reptrfEhe standard errors are clustered at the inmgpcuntry level. The estimation
sample within the trade and FDI panels are idehfidee rows are separate regressions.
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