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How do domestic attributes affect international

spillovers of CO ,-efficiency?

Abstract

Although there is evidence that géfficiency enhancing innovations in one country
diffuse into other countries to contribute to tloalg of climate change mitigation,
very little is known about the conditions under @fhsuch international spillovers are
most likely to take place. Our contribution in fhresent article seeks to address this
gap by examining whether the strength of cross-dro@}-efficiency
interdependence working through import ties andaimforeign direct investment
(FDI) stocks is greater in (a) countries with loveaisting levels of domestic GO
efficiency and (b) countries with greater sociglaailities in terms of a better
educated workforce and a less risky institutiomsdi®nment for investment. We find
that less C@efficient countries and countries with a more stweent-friendly
institutional environment experience stronger F2igihted CQ-efficiency

spillovers, whereas a higher level of human capiiaieases domestic receptivity to

import-weighted international spillovers.

spillover, efficiency, imports, foreign direct investment, education, institutions



1. Introduction

Within debates surrounding the dynamics of anthgepa emissions, growing
attention has been paid to the existence of intienmal spillovers (Bosetti et al. 2009;
Golombek and Hoel 2005; IPCC 2007). These are Ingstded to occur when
greenhouse gas (GHG) efficiency-enhancing techimedognd performances in one
economy diffuse (“spillover”) into another econo@rubb et al. 2002; Sijm et al.
2004; Stern 2007). Recent work has lent suppdttg¢existence of international
spillovers, finding that a higher level of imporeighted carbon dioxide (G
efficiency in other countries is positively correld with domestic C@efficiency,
indicative of the existence of cross-national spatiterdependencies in emissions
(Perkins and Neumayer 2008, 2009).

Missing from this work, however, has been anymafteto investigate the
influence of domestic attributes over internatiosyallovers of CQ-efficiency.
Instead, attention has focused solely on variatioraerage levels of connectivity-
weighted CQ-efficiency in other countries, on the assumptiwet domestic attributes
do not exert a conditioning influence. Yet there emmpelling reasons to suspect that
characteristics of the focal country might welllirgince the degree of cross-national
spatial interdependence.

Our goal in the present article is to explore thikerto neglected issue.
Specifically, we examine whether the strength aitisphinterdependence working
through import ties and inward foreign direct inweent (FDI) stocks is greater in (a)

countries with lower existing levels of domestic £&ficiency and (b) countries with



greater social capabilities, defined here in teoffsuman capital and the institutional
environment for investment. Similar attributes haeen invoked in related
conceptual and empirical research which has inya&d income catch-up,
convergence and economic productivity spilloverbrgdnovitz 1986; Coe et al. 2008;
Fagerberg 1994; Keefer and Knack 1997). They hbseelseen discussed in work
which has considered the conditions under whichrtelogy transfer and spillovers
are most likely to contribute to the goals of climanitigation (Ang 2009; De Cian
2007; IPCC, 2000, 2007). However, we are unawaengfwork which has examined
empirically the influence of existing emissionsi@#ncy or social capabilities in
mediating the strength of international spillovershe case of C@efficiency, or
indeed similar measures of environmental perforraanc

Consistent with theoretical predications, our wshkws that domestic factors
mediate cross-national spillovers, although thiuerfce of individual attributes varies
between import and FDI channels. Hence, we fintldss CQ-efficient countries
and countries with a more business-friendly insbtual environment experience
stronger inward FDI-weighted spillovers, wheredeter educated workforce
increases domestic receptivity to import-weightgerinational spillovers. Thus,
while different attributes matter, country charastecs would appear to
systematically shape the degree to which higheziseaf CQ-efficiency abroad

spillover domestically.

2. International spillovers



The basic idea underlying international spillovierthat innovations, behaviours and
performances in one country spillover across natiborders by altering the optimal
choices for actors in other countries (Pitlik 2Q0/&)thin the literature on climate
mitigation, particular significance has been asilo technology spillovers, whereby
efficiency-enhancing technological efforts diffugess-nationally, whether in
embodied (i.e. physical plant and equipment) oemisodied (i.e. know-how, know-
why, etc.) form (IPCC 2007; Nagashima and DelligR@). Their assumed
importance is two-fold. First, technology playseamtal role in improving domestic
CO-efficiency, and can therefore potentially countéthe emissions-enhancing
effects of scale (Peters et al. 2007; Worrell e2@09). Second, a large share of the
world’s innovative efforts, including research atel’elopment (R&D) instrumental
in improving CQ-efficiency, takes place in a handful of developednomies
(OECD 2008). International technology spilloverlswal other countries — including
developing ones — to take advantage of these invevefforts and, moreover,
potentially below the inventor’s original costs (Ret al. 2006; Stern 2007).

An important corollary of international spillovessthat efficiency-enhancing
technological change in one country may diffus@semnational borders to raise
domestic CQ@-efficiency in other countries. On the supply-sisiech spillovers may
arise from the deliberate transfer of embodiediserdbodied technology, e.g. via the
purchase of equipment from foreign vendors, licegsigreements, internal transfers
of new technology from a transnational corporasaiTNC’s) parent to its overseas
subsidiary. Additionally, technology transfer make place indirectly as a by-
product of these market transactions, in the foflknowledge spillovers (Saggi
2002). These positive externalities arise fromdghasi public good characteristics of

technological knowledge and mean that firms can@pyate the benefits of foreign



technological innovation without fully compensatitng original inventor (Popp
2006).

On the demand-side, Ge@fficiency enhancing spillovers may be the product
of competitive pressures, transmitted via crossioprice and/or quality effects (De
Cian 2007; Grubb et al. 2002). As an example, titake of more advanced, energy-
efficient capital equipment (which is also more &&fficient) may help firms based
in one country to reduce their production costsating price-based pressures for
foreign firms which compete in the same productketsrto adopt similar efficiency-
enhancing technologies (Luken and Van Rompaey 208&ins 2007). Another
aspect of demand-side spillovers stems from spat&idependence in policy
choices. Whether for competitive, reputationalemhhical reasons, public or private
policies adopted by actors in one territory maydmpied” by counterparts in other
territories (Busch et al. 2005). Again, this magiractly create demand for
technologies which enhance domestic,@®iciency, as in the case of promotional
policies supporting the uptake of new renewabledentricity generation (OECD
2008)"

Regardless of the specific mechanism, internatispidlovers logically
depend on transnational linkages connecting gebgralpy dispersed countries,
which serve as conduits for embodied and disembddiewledge, policy
innovations, and competitive pressures. Most widédgussed in the context of
international climate spillovers are cross-bordmm®mic ties created respectively by

trade and FDI (De Cian 2007; Mielnik and Goldemld20g2; Perkins and Neumayer

! As hypothesised in the literature, policy-driveite effects (e.g. from carbon taxes) in
higher-regulating countries may give rise to “naggtinternational spillovers, as carbon-
intensive industrial production shifts to lower-gging countries (Sijm et al., 2004 ). We do
not rule out the possibility of so-called “carb@akage”. Yet it is not the central focus of our
study which is concerned with relative (i.e. £&¥ficiency) rather than absolute measures (i.e.
aggregate C¢) of GHG emissions and, in any case, we partlyrobfdr dynamic shifts in
economic structure in our research design.



2008; Peterson 2008). Picking-up on this work, @ei§ on international spillovers in
COy-efficiency through these two linkages in the pnestudy, and specifically on

imports of machinery and manufactured goods anaidwDI stock.

3. The moderating effects of the domestic context

One way in which scholars have sought to examieetistence of international
spillovers is through the use of spatial lags (Bsikand Potoski 2007). Also known
as spatial autoregressive models, spatial lage @lantitative researchers to
investigate whether the connectivity-weighted valian environmental attribute in
other countries is correlated with the same domestiibute in a focal economy, and
therefore the extent to which innovations, behasd@nd performances diffuse across
borders via transnational linkages. Using thisiagbatonometric approach, Perkins
and Neumayer (2008, 2009) find evidence for spélsv They show that higher levels
of machinery and manufactured goods import-weigkt€g-efficiency in other
economies is associated with higher levels of doim&O,-efficiency. Yet the

authors falil to find evidence that inward FDI stag&ighted foreign C@efficiency
influences domestic efficiency.

The present article builds on this work, but tatkesanalysis one crucial step
further. In particular, we analyse whether domegattiicbutes influence the degree of
connectivity-weighted spatial Gezfficiency interdependence. That is, we examine
whether characteristics of the focal country anypif attenuate the influence of other

countries’ CQ-efficiency on domestic efficiency, where other coies are defined as



(i) exporters of machinery and manufactured goodké focal country and (ii)
sources of inward FDI to the focal economy.

Theoretical inspiration for our decision to invgstie the influence of
domestic attributes primarily comes from relatedkvmmncerned with economic
productivity spillovers, income convergence andleatp. This stream of scholarship
has invoked two sets of factors which might plalysibfluence the strength of spatial
interdependence: (a) relative backwardness, ise¢hse of countries’ comparative
inefficiency; and (b) social capabilities, in termfscountries’ capacity to acquire and
absorb new technology (Abramovitz 1986; Fagerb®&@s)l Drawing from this work,
we hypothesise that similar factors could welluefice the degree to which higher
levels of CQ-efficiency in other countries to which a partiaubgonomy is linked via

transnational economic ties spillover to raise detmeCQ-efficiency.

3.1 Relative backwardness (the “inefficiency” thesi S)

The idea that relative inefficiency or backwardfiesight be an advantage in
appropriating new, more efficient technology hagdots in the work of
Gerschenkron (1962) who explored the conditionseumdich latecomer economies
develop. Similar ideas underpin the so-called cafethesis — also known as the
convergence hypothesis — which maintains that dooedes of economic
productivity growth are positively related to tleative backwardness of economies
(Abramovitz 1986). According to technology transfariants of these theories, catch-

up takes place because less efficient economiaesdéarger global stock of un-

2 We do not seek to use the term backwardness éjosative sense, but, rather, to maintain
consistency with relevant theoretical literature.
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tapped knowledge from which to draw, meaning thaytcan make more rapid leaps
in productivity (Findlay 1978). Moreover, such ctrugs can take advantage of
learning economies and knowledge externalitiesrayisom technological efforts in
frontrunner economies, which reduce the costs wfteehnologies, improve their
performance and increase adoption returns (Grub@;Zerkins and Neumayer 2005;
Rao et al. 2006).

The same logic can be extended to,@@iciency. Less efficient countries are
more likely to make significant gains in domestehon-efficiency by incorporating
previously unexploited or under-exploited &£€¥ficient technologies innovated in
high-efficiency economies (Ang 2009). Moreover, goenomic savings from rapidly
adopting these technologies should be greateefsr énvironment-efficient
economies, in that imitation is less costly thamowation. Competitive price and/or
quality effects emanating from producers in higheefncy economies mean that
competitors in C@inefficient countries — whose implied technologjiisackwardness
might well render them uncompetitive — should désm® strong economic incentives
to catch-up technologically with more pollutioniefént countried (Grubb et al.
2002).

Accepting these arguments, it follows that transmai economic linkages
with more CQ-efficient countries should spillover more strongito higher levels of

domestic efficiency in focal countries with lowewrels of existing C@efficiency.

3.2 Social capabilities (the “capabilities” thesis)

® Note, there may be circumstances where competitimen technological upgrading
reduces Ce@efficiency, although we believe that such instaneél be outweighed by those
which increase efficiency.
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Although intuitively appealing, the thesis thatdesficient countries should benefit
more in terms of productivity growth from the gldlséock of technological
knowledge has been criticised by scholars who atigateit does not tell the full story.
In particular, as well as domestic levels of ir@éncy, productivity gains depend on
“social capabilities” (Ohkawa and Rosovsky 197 @nerally understood as the suite
of capacities required to adopt and absorb foregghnology in ways which are
appropriate to local needs (Bell and Pavitt 1993).

Two main categories of social capability have bieeoked in the economics
literature. The first is human capital. Countriaghwveducated workforces are assumed
to be better-placed to effectively utilize currgrdivailable foreign technology to
improve domestic productivity. Hence, not only slddiey find it cheaper and easier
to adopt, optimise and improve physical equipmequaed from abroad, but also
exploit productivity enhancing knowledge externaitembedded in transferred
technology (Facundo et al. 2009; Lall 1992). Huroapital, in turn, better-allows
domestic firms to respond to competitive presstnas more productive foreign
competitors by upgrading their technologies.

Another oft-discussed aspect of social capabiitthe institutional
environment. Within this broad category, a widegenf domestic attributes have
been mentioned, including corruption, rule of I@&curity of property rights, and the
ease of doing business (Coe et al. 2008; KeefeKaagdk 1997). Yet a common
feature of arguments which emphasise institutiaspkects is the assumption that the
institutional environment affects business riskdtring so, it influences the
propensity of foreign business actors to transésy technologies, and the willingness
of potential recipients to make domestic investraeatjuired to acquire new

technological hardware and absorb associated klpgele
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An important corollary is that countries withoutpappriate capabilities will
fail to fully capture (potential) productivity garderived from technological efforts
made in more productive countries. In fact, simgaimts have been made in work
concerned with the conditions for the successéuigfer of GHG-efficient
technologies, which has highlighted the importamica suitable “enabling
environment” (IPCC 2000; Rock et al. 2009; UNDP Z00NFCCC n.d.). Amongst
the attributes mentioned in this regard is theterise of domestic technological
capabilities (skills, etc.) required to acquiresat and innovate new climate
mitigation technologies, as well as domestic ingtihs which mitigate commercial
risks for investors and technology transfer agems.therefore hypothesize that
transnational economic ties with more £&¥ficient economies should spillover more
strongly into higher levels of domestic g€Xficiency in countries (a) with a better
educated workforce and (b) where the instituti@mlironment for business

investment is less risky.

4. Previous evidence

We are aware of no existing quantitative researeitclwhas examined the influence
of the above mediating domestic attributes — iomelstic efficiency and social
capabilities — on intC@efficiency spillovers. Yet evidence from a widet sf
environmental and non-environmental studies preavaldegree of support for both
the inefficiency and capabilities thesis.

Several studies lend weight to the idea that I#gsesnt countries gain more

(i.e. in terms of higher domestic efficiency) framternational spillovers than their
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more efficient counterparts. Hence there is soneace that foreign knowledge
spillovers have a greater positive impact on doimestonomic productivity growth
where countries are currently relatively less paiiche (Castellani and Zanfei 2003;
Griffith et al. 2004; Peri and Urban 2006; Sj6hdl899; Xu and Wang 2000).
However, other studies contradict these resultgjrig that less productive firms
(Kokko, Tansini et al. 1996; Girma, Greenaway eR@0D1; Dimelis 2005) and/or
poorer countries (Crespo, Martin et al. 2004) hiefesfs from international
technology spillovers. Still others find a U-shapeldtionship between foreign
productivity spillovers, on the one hand, and re&aefficiency and wealth, on the
other (Meyer and Sinani 2009).

Turning to work which has examined environmentesticy, Perkins and
Neumayer (2008) find cross-national convergendbeaglobal level in C@
efficiency, albeit only at moderate rates. Thesdifigs are, in principle, consistent
with the story of less efficient countries improgitheir domestic C@efficiency
more rapidly by incorporating previously unexpldit under-exploited technologies
from abroad.

Another stream of work presents evidence thagctly or indirectly, supports
the importance of social capabilities. Multipledies have shown that rates of
productivity growth and/or catch-up associated watiernational technology
spillovers are positively correlated with levelshafiman capital (Coe et al. 2008;
Crespo et al. 2004; Engelbrecht 1997; Falvey é@@7; Frantzen 2000; Wang 2007,
Xu and Chiang 2005). These findings mirror researiglth demonstrates that more
modern, advanced technologies diffuse faster itebetlucated countries (Kiiski and

Pohjola 2002; Perkins and Neumayer 2005).
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Studies have also found that rates of economic tiréMauro 1995),
productivity growth (Coe et al. 2008), and incono@wergence (Keefer and Knack
1997) derived from international technology spioy are influenced by the domestic
institutional environment. Although the nature &adpe of relevant institutional
aspects have been interpreted differently by défieauthors, amongst the variables
identified in the literature as statistically sificant correlates have been the “ease of
doing business”,” “rule of law”, “contract enfordmhbty” and “executive constraints”

(Coe et al. 2008; Keefer and Knack 1997).

5. Research design

5.1 Dependent variable

The dependent variable for our estimations is digeof a country’s C@efficiency,

i.e. GDP divided by Cg@emissions. GDP at exchange rates is known to ustiiee
effective purchasing power in lower income couistaad we therefore use GDP on a
purchasing power parity (PPP) basis. Data for fh emissions and GDP are taken
from IEA (2008). The unit of analysis is the coyngear. Our global sample
comprises 77 (developed and developing) countres the period 1984-2005, with
coverage being limited only by the availabilityd#ta. The list of countries included

in the study is shown in the appendix.

5.2 Explanatory variables
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We focus on international spillovers through twpdg of transnational economic
linkage. The first is created by imports of machyn@nd manufactured goods.
Imports of machinery (e.g. steel plant) and marnufas (e.g. automobiles) from
CO,-efficient economies should plausibly embody higlegels of energy/carbon-
efficiency than from C@inefficient ones. The adoption of this technolagyhe
importing economy might therefore be expected igerdomestic C@efficiency
(Perkins 2007; Rock et al. 2009). More advancelrieal knowledge embedded in
CO,-efficient technology also increases the possiedifor knowledge spillovers
which raise C@-efficiency, as domestic firms learn from importedhnology,
diffusing the efficiency-enhancing benefits of innfsadbeyond the transferred physical
artefacts (De Cian 2007). Another way in which imp@f machinery and
manufactured goods from more &Efficient economies might diffuse superior levels
of CO,-efficiency is through competitive effects. Espéyifor energy-intensive
production and consumption technologies, whereldeseenergy consumption may
be a factor in consumer choice, imports of supgeefficient technology may
stimulate domestic firms to improve the energyeséincy of their own process or
product technologies.

Another reason to focus on imports of machiney manufactured goods in
COy-efficiency enhancing technology spillovers is ttredir influence has been
demonstrated in previous work. Most relevant ikiberand Neumayer (2008, 2009)
who find that levels of C@efficiency in other countries weighted by machynand
manufactured goods imports are positively correlatgh domestic levels of CO
efficiency. However, similar findings have been m&y scholars who have
investigated productivity spillovers, with impodscapital goods from more

productive economies giving rise to higher levdldamestic productivity (Coe and
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Helpman 1995; Eaton and Kortum 1996; Falvey €2@04). In order to construct our
import-weighted spatial lag variable, we use fa wWeighting matrix data on
machinery and manufactured goods imports of courftom countries, with data
from UN (2009).

A second linkage examined in the present studwsrd FDI although,
unlike our import linkage variable, lack of disaggated investment data with
widespread geographic coverage means that we albdeuto restrict our analysis to
sectors most likely to impact domestic £€¥ficiency. Again, there are compelling
reasons to expect FDI from more &€¥ficient countries to play a leading role in
diffusing superior levels of C&efficiency. Most importantly, TNCs innovate, own,
operate and vend many of the world’s advanced tdofies, including ones with
superior CQ-efficiency (UNCTAD 2007). Indeed, these ownershgsed advantages
allow transnationals to compete with domestic syatho have advantages of their
own. Through their investments in host economi®C3 from more CQefficient
economies may transfer advanced, environment-efficechnologies and
organizational practices directly, incorporatingrthin process equipment, or
engineering them into their products (Fisher-Vaneteal. 2004; Mielnik and
Goldemberg 2002; OECD 1997; Prakash and Potoski)200

Indirectly, the presence of TNCs is known to gisge to knowledge
spillovers, as domestic firms learn from knowle@g&bedded in the technologies and
practices operated by their foreign rivals, e.gobgerving, reverse engineering,
labour turnover, etc (Cole et al. 2008; Facundal.€2009). The involvement of TNCs
from more CQ-efficient countries may additionally give riseit@reased price and/or

guality competition which incentivise firms to irstedn more modern, efficient
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technologies and, moreover, raise average levaffiofency by forcing inefficient
firms out of business (Ang 2009; Saggi 2002).

Empirical support for the influence of FDI is mamexed. For a sample of 20
developing countries, Mielnik and Goldemberg (20@&]) that inward FDI is
negatively correlated with energy-intensity, alhesing a rudimentary bivariate
correlation without controls. Using a larger samfleleveloped and developing
countries, and a multivariate estimation modelkipsrand Neumayer (2008) find
that higher levels of aggregate inward FDI stockssociated with higher domestic
COs-efficiency. Yet, deploying a more sophisticatedtsy lag specification, Perkins
and Neumayer (2009) demonstrate that levels ofid\Ww®| stock-weighted CO
efficiency in other countries have no statisticalignificant influence on domestic
COs,-efficiency in developing countries. Hubler and lée(2008) also fail to find any
consistent evidence that FDI flows into developogntries reduce domestic energy-
intensity. Similarly ambiguous results for FDI daafound in the productivity
spillovers literature (Hejazi and Safarian 1999; étaal. 2006; Pottelsberghe de la
Potterie and Lichtenberg 2001). Our FDI-weightedtisph lag measure is constructed
using UNCTAD (2008) data on the stock of inwarcefgn direct investment in
countryi originating from countriek as the connectivity variable.

We also include variables which seek to captueecthisting level of domestic
efficiency and social capabilities. In our firsgression model, we include these as
separate explanatory variables, with a view to\snad) whether they have an
independent influence on domestic £&¥iciency. Yet our principal concern is
whether domestic attributes have a “conditioningluence on the degree of
international spillovers. In our main estimationg, therefore use an interactive

model specification, whereby variables measuringteg levels of efficiency and
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aspects of social capabilities are interacted thiéhimport- and inward FDI-weighted
spatial lags.

Levels of domestic efficiency are measured by tigedf a country’'s C@
efficiency lagged by one period, i.e. by the tenafigiagged dependent variailé\s
per models of cross-national catch-up, we expeast &03-efficient countries to
improve their domestic C&efficiency faster, and for the import- and inw&fdI-
weighted CQ-efficiency spillovers to be stronger in these daes.

In order to measure social capability, we use tagables, each intended to
capture a key enabling attribute identified in likerature. The first is human capital.
As an attribute in its own right, we expect cowrgrwith educated workforces to have
higher domestic C@efficiency, since they should be better-placemhtmvate, adopt
and improve more Cgefficient technologies. Similarly, human capitalikely to
have an important conditioning influence on intéioraal spillovers, with educated
workforces possessing greater abilities to effetyiutilise and optimise transferred
equipment to suit local conditions, assimilate igmeechnological knowledge
derived from imports and FDI, as well as respondgsociated competitive pressures
which stimulate efficiency-enhancing technologicalch-up. In order to capture
human capital, we use data from Cohen and Soto7§2fi®the secondary school
completion ratio of the population aged 25 and abavmeasure which has been
widely-used in past studies (e.g. Wang 2007).

Another category of social capability exploredhe present study is the
institutional environment for investment. From adkhetical perspective, by

influencing the degree of business risk, the iagtihal environment should affect the

* Note that while this variable seemingly measumskivardness rather than relative backwardness, we
also include year-specific fixed effects, which me¢hat for each country the emissions-efficiency
variable measures deviations from the period-awecdgmissions-effiency and, thus, in effect
measures relative backwardness.
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extent to which firms might be willing to invest aapital-intensive, carbon-efficient
plant and equipment. Additionally, the institutibeavironment might be expected to
shape firms’ willingness to make learning investtsgand thus their ability to more
fully appropriate foreign knowledge spillovers.

Two criteria were used to select our measure oirtsigutional environment,
namely: (i) that it should capture institutionakiutes which directly influence
firms’ decisions to make efficiency-enhancing invesnts and, moreover, in ways
that affect the degree of spillover from the spa#ig variables; and (ii) the
constituent measure should exhibit variability withountries over time so as to
reduce the possibility of collinearity with the ety fixed effects used in our study.
Accordingly, we decided against using a numbensfitutional measures such as
bureaucratic quality or rule of law, whose influeraver firms’ investment decisions
is only indirect and which have little temporal radnility. Instead, we make use of a
measure which fulfils both of the above criterialled “investment profile” (PRS
2009). Published in thieternational Country Risk Guide, investment profile is a
composite of three factors: contract viability/expmation, profits repatriation and
payment delays. The measure runs from 0-12, wilpesenting the highest amount
of risk, and 12 the lowest, i.e. the most investiandly level.

Admittedly, this variable is more likely to be retet for our FDI-weighted
spatial lag, relating directly to the risks facedftreign investors. Unfortunately, we
are unaware of any similar measure which captiregquivalent business risk faced
by domestic investors, and especially firms whohhagrquire plant and equipment
from abroad or otherwise exploit knowledge embeddechports. From a conceptual
perspective, however, we believe that the investipmfile variable might well also

capture risk which affects spillovers from impasfsnachinery and manufactured
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goods. Hence, an institutional environment whickgsogreater business risk to
foreign investors is also one which is likely toluee the willingness of domestic
actors to purchase capital-intensive technolog@®s fabroad, as well as to make the
sorts of investments required to make productiveaismported foreign technologies

and associated knowledge.

5.3 Control variables

We include the share of industry in value addecbtatrol for the fact that more
industry-intensive economies should, all othergkiequal, be more Géntensive.
Industry directly and indirectly accounts for apxrnately 37% of GHG emissions
(Worrell et al. 2009), suggesting that a failureéake account of cross-country
differences in industry-intensity might well bidsetestimates.

We also include GDP per capita to control for mesdependent demand- and
supply-side effects which might plausibly influerdmmestic C@-efficiency.
Regarding the former, countries with wealthier gapans have tended to
demonstrate greater concern for climate changatingepolitical and market demand
for measures to reduce g@missions. At a multilateral level, richer couesrhave
also faced greater normative obligations to addilessestic emissions,
institutionalised into binding emission reductiamamitments for Annex | (i.e.
developed) countries under the Kyoto Protocol. éligih the compliance period
(2008-2012) for these commitments is beyond theaérmadir study period, signatory
governments have nevertheless been active intingiactions to address domestic
GHG emissions long before this time. On the sudyg, richer countries should

command greater financial capabilities requirethtmvate, commercialise and
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implement CQ-efficient technologies, which are often more calpiitensive (IPCC
2007; Worrell et al. 2009). Table 1 provides sumndscriptive statistical

information for all variables included in the study

5.4 Model and estimator

We estimate variants of the following modes{ands for country,for time):

(1) Iny, =a; + B Iny,, +B,InGDPpc, + B.%indust, + 5 edu, + Sinvprof;,

+/362k‘, Wy N ykt_1+ﬂ7; Wl Vi

+ﬂ8;Wm"m_1|n P A ,5’9; W o Yoo,y

+,810; w™, . Iny,_, [Bdu, +,Bllzk: w™ Iny,_fedu,

+B,> W™, Iny,_ dnvprof, + 8,3 W™, _Iny,_ dnvprof,
” ”

+0, +U,
wherey; is the dependent variable, represent country-specific fixed effects,y, ,
is the temporally lagged dependent varialB®Ppc, is a country’s per capita
income, %ndust, its industrial share of GDRdu, is the level of a country’s human

capital, invprof,, is a country’s investment profilei w™ . Iny,, and
k

> w L Iny,, represent the two spatial lag variables describhedore detalil
k

below, J, represent year-specific fixed effects amdis the error term. We find

evidence for the “inefficiency” hypothesis &, and/or S, are statistically

22



significantly negative since then the degree di®mr stemming from the spatial lag

variables) w™,  Iny,, and> w™, . Iny,_, respectively, becomes smaller the
k k

higher the country’s existing efficiency, or gredtee lower a country’s existing GO

efficiency. We find evidence for the “capabilitiésypothesis if3,, and/or 8, and
B, and/or B, are statistically significantly positive since thine degree of spillover

from the spatial lag variables becomes strongehigjieer the domestic level of
human capital and the less risky the institutiealironment for investment.

The country-specific fixed effects account for usetyved country differences
influencing domestic pollution-efficiency which dot vary, or vary very little over
time, and which might be correlated with our explany variables. The year-specific
fixed effects capture time-specific global trenaltuencing emissions efficiency.
Country- and time-specific fixed effects are algegessary to prevent spurious
regression results for the spatial lag variabletheag account for unobserved spatial
heterogeneity and common shocks and common tréhidsiper and Neumayer
20009).

We estimate equation (1) with Arellano and Bond'891) dynamic
generalized method of moments (GMM) instrumentailades estimator with robust
standard errors. This estimator is necessary bea#ube simultaneous inclusion of
the temporally lagged dependent variable and cgtamecific fixed effects, which
would cause Nickell (1981) bias in a simple fixdets estimation. Arellano and
Bond'’s estimator has the additional advantagettieaspatial lag variables can be
explicitly specified as endogenous, i.e. their @t contemporaneous values are
allowed to be correlated with the error terms. €semator works by first-
differencing equation (1), which eliminates the mwy-specific fixed effects, and by

using past levels of the lagged dependent varedethe endogenous variables
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lagged by two or more periods as respective ingnim First-order autocorrelation
in the original data is unproblematic, but theraatior depends on the assumption of
no second-order autocorrelation in the first-défered idiosyncratic errors. This can
be tested and the test results fail to rejectabgimptionOur T is relatively large,
which gives a very large number of potential instemts. Using too many instruments
can bias the estimation results (Roodman 2007)have therefore restricted the use of

lagged instruments to a maximum total of six.

6. Results

Table 2 presents the estimation results. We stiwtith our estimations where the
spatial lag and explanatory variables are enteneth@ir own, i.e. without any
interaction effects (column 1). As anticipated, fimel evidence for conditional
convergence in that the coefficient of the temppialgged dependent variable minus
one is statistically significantly negative throogi® suggesting that countries with
lower existing domestic levels of efficiency impeotheir CQ-efficiency faster. This
finding is consistent with the catch-up story amdreover, with Perkins and
Neumayer (2008) who find evidence for moderatesrafecross-national convergence
in levels of CQ-efficiency over time. Conversely, we find that @glucation measure
has no statistically significant influence by ifseind the investment profile measure
has an unexpected negative impact on domestiedaffi@iency. Regarding the control

variables, as anticipated we find that richer caaathave higher domestic GO

® This cannot be directly observed from tables 12l follows from the confidence
intervals of the estimated coefficients.
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efficiency, whereas countries with a higher shdradustry in value added have
lower efficiency.

Moving to our non-interacted spatial lag variables,find that higher
machinery and manufactured goods import-weighteg-€fficiency in other
countries is positively and statistically signifitly correlated with higher domestic
COs-efficiency, a result which mirrors the one repdrie Perkins and Neumayer
(2008, 2009). However, we find no similar relatibipsfor FDI, with the estimated
coefficient of the inward investment-weighted salaiag variable statistically
indistinguishable from zero. Again, this resulsisnilar to the findings of Perkins and
Neumayer (2009), although their sample is resttitbedeveloping countries only.
The estimated degree of international spilloveodigh imports is moderately strong.
A one percent increase in import-weighted forei@-€fficiency is associated with
approximately 0.3% rise in domestic g€fficiency in the short-run and an
approximately 0.68% rise in the long-run.

Could it be that the insignificant result for thEasial lag variable weighted by
inward FDI stock arises because there are impocamditioning effects not captured
by the model specification in column 1? In columnv@ interact the spatial lag
variables with domestic efficiency lagged by onagque The respective coefficients
for the interaction effect variables with the impand inward FDI stock spatial lags
are both negative as expected, but only statistisainificant for the spatial lag
weighted by inward FDI stocks. This suggests thatdegree of FDI-weighted spatial
interdependence for Ge2fficiency is greater for countries whose own£&ficiency
is lower. This result is consistent with theordticaerived predications from models

of relative backwardness, catch-up and convergence.
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In column 3, we add interactions of the spatialMagables with our
educational and institutional investment environmemiables. We find that the level
of human capital has a positive and statisticaiipiicant impact on the degree of
import-weighted spatial interdependence. Thatusestimations suggest that higher
foreign levels of C@efficiency in a country’s major import partnersligwer more
strongly into improved domestic G@fficieny where a larger share of the workforce
in the importing country is educated, echoing samiesults from statistical work into
generic productivity spillovers (Crespo et al. 20Brantzen 2000). Yet no similar
statistically significant conditioning effect of echtion is found for the FDI stock-
weighted spatial lag variable.

We also find some evidence that the institutiomairanment governing
business risk has a conditioning influence on thength of CQ-efficiency enhancing
international spillovers. The coefficient for theMard FDI-weighted spatial lag
interacted with our investment profile measureasitive and statistically significant.
The equivalent coefficient for the import-weightgehtial lag, however, fails to
achieve statistical significance. In short, whiless risky investment environment
would appear to increase the degree to which cagsrbenefit from C@efficiency
enhancing spillovers from the source countriedheirtmajor foreign investors, the
same attribute does not increase the strengthterhiational spillover via import-
weighted linkages with more Gefficient countries.

Note, with interacted variables, the coefficierftsh@ constituent terms on
their own no longer have the same meaning as iamteracted models, and all that
really matters therefore are the coefficients efititeracted variables. The
insignificant coefficients in column 3 of the s@diiag variables, which constitute one

part of two interaction terms each, do not imply #ibsence of spillovers as such.
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Rather, they would only indicate the absence ofialpdependence for observations in
which the temporally lagged dependent variable gethecational variable and the
investment profile variable are negative, zeroarenvery low values, i.e. in countries
whose existing level of Cg&efficiency is very low and which have very litégisting
levels of education and which pose a high riskdoeign investors. Similarly, the
negative coefficient of the educational variableslaot mean that education has a
negative effect on efficiency in general, only thatould have a negative effect for
those observations for which the imports-weighteatial lag variable is negative,
zero or has very low values, i.e. in countries vehmsjor trade partners are very £0

inefficient.

7. Conclusions and discussion

Although there is growing evidence that £€¥ficiency enhancing innovations in one
country diffuse into other countries to contribtdghe goals of climate mitigation,
very little is known about the domestic conditiamgler which such international
spillovers are most likely to take place (IPCC 20@&terson 2008). Our contribution
in the present article seeks to address this gaguding on two central channels of
spillover, imports of machinery and manufactureddgand inward FDI, we examine
how three domestic attributes — existing domes@g-€fficiency, human capital and
the institutional environment for investment — ughce international C&efficiency
spillovers.

Our statistical findings, based on a sample ofaimtries over the period

1980-2005, are revealing. We show that countri¢ls lwiver domestic C&
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efficiency not only improve their efficiency fastéut that they also experience
stronger international spillovers from more £&ficient foreign countries which are
major direct investors in the host economy. Theselts mirror previous work which
has similarly found evidence for cross-nationalva@gence in Cefficiency
(Perkins & Neumayer, 2008).

The results reported here also advance on prewous First, our estimations
provide evidence that human capital positivelyuafices the degree of international
COy-efficiency spillovers from foreign countries, aitbenly from major exporters of
machinery and manufactured goods into the domestinomy. Second, Perkins &
Neumayer (2009) found that levels of FDI-weighted,@fficiency in other
economies had no statistically significant influermn domestic C@efficiency. The
findings here suggest that this previous result beg consequence of failing to take
into account important domestic conditioning fastaramely, the fact that such
spillovers are much stronger in less &&ficient countries and in countries with a
less risky institutional environmental for invesime

Although indicating that domestic attributes infige the strength of
international spillovers in systematic and predttavays, it is instructive that the
conditioning impact of individual attributes variestween import and FDI channels.
At face value, these differences are perhaps simgtriin that there are theoretical
arguments to support the influence of all threelattes across both sets of
transnational linkage. Yet there are a number skjite explanations for these
discrepancies. That existing domestic£&fficiency matters for the degree of
spillover from inward FDI, but not imports, mighe lexplained by the observation
that TNCs frequently transfer modern, efficientgtetary technologies and

associated environmental management practicesrasfheir investments in host
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economies (OECD 1997; Perkins 2007; UNCTAD 2007rM/est and Bridge 1997).
Inward FDI should therefore logically be accompdridy a greater efficiency-
enhancing effect in less Ge@fficient countries where the gap between curyentl
deployed technologies and technologies transfdryedNCs is likely to be larger.
Although imports might also serve as a vehicletifiercross-border transfer of the
latest, carbon-efficient technologies, the actnabedied CQ-efficiency in imports is
likely to depend more on the demand profile frorméstic actors, and there is no
guarantee that actors in less efficient countritlsd@monstrate a preference for more
COy-efficient technologies (Luken and Van Rompaey 2008 kins 2007; Worrell et
al. 2009).

Anomalies in the case of domestic £&¥ficiency might also be (partly)
explained by another discrepancy, namely, that &t exerts a conditioning
influence in the case of import-weighted connettivbut not FDI-weighted
connectivity. FDI is likely to be accompanied b tihternal transfer of knowledge,
skills and capabilities required to make productige of new technology (Epstein
and Roy 1998; Rock et al. 2009). The ability of minies to take full advantage of
imported technologies, on the other hand, is likelgepend on the wider existence of
an educated workforce. Indeed, it could be that @S-efficient countries have less
educated adult populations, which might accountHerresult that such economies do
not appear better-placed to exploit efficiency galerived from imported machinery
and manufactured goods.

The difference in our results for imports and indv&DI regarding the
conditioning influence of the institutional investnt environment is most likely
explained by our particular measure which capttiresisk to foreign investors.

Although a risky environment for foreign investongght also be one which inhibits
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investments by domestic actors, it is less cleairtthe factors captured by the
investment profile measure should have as greahpact on spillovers from imports
as foreign investment. Unfortunately, in the absesica comparable measure of risks
faced by domestic firms, we cannot definitely sdetier similar institutional
attributes mediate import-weighted g€fficiency spillovers.

Notwithstanding these differences, our statisticalings strongly support the
thesis that domestic attributes matter in influegadhe degree to which higher O
efficiency in one country spills-over to raise £€¥ficiency in other countries to
which it is linked. That is, international spillagenot only depend on the existence of
economic ties with more G&fficient countries, but on domestic attributes
influencing countries’ ability to “capture” thespilbovers. Accordingly, in modelling
the degree to which Ceefficiency enhancing innovative efforts (R&D, gtspillover
across national borders, we suggest that analystddstake account of cross-national
differences in existing levels of (in)efficiencywecation and the institutional
environmental for investment (Bosetti et al. 20D8;Cian 2007; Grubb et al. 2002).
Assuming that all countries are equally-placedaptare international C&efficiency
spillovers is an over-simplification of a more cdeyy geographically contingent
reality.

Moreover, echoing work which highlights the impoita of particular
enabling conditions for transferring, acquiring afborbing climate mitigation
technologies (IPCC 2000, 2007; UNFCCC n.d.), osults indicate that improving
domestic CQ-efficiency may be accelerated by policies whiokate fertile domestic
conditions for appropriating international g&€éXficiency spillovers. Specifically,
interventions which increase the share of the adaotkforce who are educated and

reduce the risks to foreign investors should endaocintries’ capacity to capture
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efficiency-enhancing spillovers via imports and Fi2kspectively. We cannot rule out
the possibility that the very same policies wikku# in higher per capita emissions or,
more generally, that gains in domestic &ficiency will be sufficient to counteract
the effects of rising scale (Peters et al. 2008}, 1 the extent that increases in£0
efficiency are central to realising the goals dafelte stabilisation (IPCC 2007; Urge-
Vorsatz and Metz 2009), our study provides noveigints into the conditions under
which countries are most likely to benefit from £éd¥ficiency enhancing

international spillovers.
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Table 1. Summary descriptive statistical variabfermation.

Mean Std. Dev. Min Max
Iny, 1.081 0.596 -0.464 3.219
Ny, 1.078 0.603 -0.464 3.219
GDPpc, 8.841 1.042 6.179 10.557
%indust, 31.253 8.281 6.846 62.160
edu, 7.153 3.107 0.377 12.951
invprof, 7.219 2.278 0.000 12.000
Zk“wmpm_l " Vi 0.810 0.140 0.274 1.313
FDI
;W et Yies 0.754 0.217 0.119 1.371

w™ . Iny.  Ony,
Zk: T e e 0.895 0.539 -0.358 2.828

D W In Y, My,
k
z \Nmpikt—l In'y,_, [édu,
k 5.764 2.688 0.235 12.557
Z W IN Yo Tedu,
k
D> W™, In Y, nvprof,
k 5.925 2.362 0.000 12.774
D> wP L In vy, [nvprof,
k

0.807 0.506 -0.315 2.797

5.477 2.993 0.124 15.131

5.610 2.784 0.000 16.083
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Table 2. Estimation results.

Ny,
GDPpc,
%indust;,
edu,,

invprof,

jmp
ZWI i N Yigo
K

FDI
ZW e N Yieoa
K

zwimpikt—l Iny,,dhy, .,

k

z w™! i 1N Yig ANy,
k

Z Vvimpikt—l Iny,_, [edu,

k

FDI
Z W IN Y, Teduy
X

z W™, In Y., [nvprof,

k

z W In Y, Gnvprof,
K

Observations
Number of countries

(1)
0.559**
(0.0466)

0.300%*
(0.0712)

-0.00326*
(0.00145)

-0.0276
(0.0326)

-0.00443**
(0.00172)

0.331**
(0.0815)

-0.00729
(0.0366)

1271
77

(2)
0.771%
(0.0695)

0.257+**
(0.0557)

-0.00445**
(0.00137)

-0.0189
(0.0262)

-0.00301
(0.00206)

0.161*
(0.0810)

0.115**
(0.0398)

-0.0888
(0.0708)

-0.0881*
(0.0323)

1271
77

3)
0.681*
(0.0735)

0.186**
(0.0410)

-0.00407**
(0.00135)

-0.0516*
(0.0229)

-0.00519
(0.00931)

-0.280
(0.175)

0.0150
(0.112)

0.0318
(0.0696)

-0.111**
(0.0406)

0.0686**
(0.0199)

-0.0116
(0.00789)

-0.0206
(0.0118)

0.0274**
(0.00937)
1271

77
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Appendix. List of countries included in study.

Algeria, Argentina, Australia, Austria, BangladeBle]gium, Bolivia, Brazil,
Bulgaria, Cameroon, Canada, Chile, China, Colontbasta Rica, Cote d'lvoire,
Cyprus, Denmark, Dominican Republic, Ecuador, EgigpSalvador, Ethiopia,
Finland, France, Gabon, Germany, Ghana, Greecdef@ai, Honduras, Hungary,
India, Indonesia, Iran, Ireland, Italy, Jamaicgalg Jordan, Kenya, Korea (Rep.),
Malaysia, Mexico, Morocco, Mozambique, Myanmar, INetands, New Zealand,
Nicaragua, Nigeria, Norway, Panama, Paraguay, Pdrlippines, Portugal,
Romania, Senegal, Singapore, South Africa, Spaidas, Sweden, Switzerland,
Syrian Arab Republic, Tanzania, Thailand, Trinidaal Tobago, Tunisia, Turkey,

United Kingdom, United States, Uruguay, Venezugtambia, Zimbabwe.
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