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than mitigate climate change, can generate positive spillover effects on innovation and
technology paths (Costantini !"#$%2014).
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The recursive-dynamic version (GDynE) of the GTAP (Global Trade Analysis Project) model, as
described in Golub (2013), builds on the comparatively-static energy version of the GTAP model:
GTAP-E (Burniaux and Truong, 2002; McDougall and Golub, 2007) in combination with the
dynamic GDyn model (Ianchovichina and McDougall, 2000).

The GTAP model has a so-called ‘nested’ Constant Elasticity of Substitution (CES) production
function, where inputs into production are combined in different ‘nests’. In the standard GTAP
model, primary production factors (labour, capital, land) are first combined into a value added
nest, and this value added nest is then combined with an aggregate intermediate input nest. In
model simulations the combination of the inputs depends on their relative prices, given the
elasticity of substitution in the specific nest. In the comparatively-static GTAP-E model an energy-
capital nest is added to the production function. First, energy is combined with capital and then
the energy-capital composite is combined with labour and land in the value added nest. Energy
itself is composite good that is a combination of electricity and non-electricity, where non-
electricity is a combination of coal and non-coal, and non-coal is comprised of natural gas, crude
oil, and oil products. Energy demand is explicitly specified and there is substitution in both the
factors and fuels mixes. Data on CO, emissions are introduced through social account matrices
(SAM) and are region and sector specific. The model allows for the simulation of market-based
instruments, such as carbon taxes and emission trading.

GDyn is a recursive-dynamic model that preserves the standard features of the GTAP and
enhances the investment side of the model, allowing a better representation of long-term
policies. It introduces international capital mobility. Regional capital stocks include capital stock
physically located within the region as well as financial assets from abroad, and there is a Global
Trust acting as intermediary for all the international investment. Physical capital is owned by
firms and households hold financial assets directly in local firms and, through the Global Trust,
they hold equity of foreign firms. Households own land and natural resources, which they lease to
firms. The Global Trust holds equity in firms in all regions.

Time is an explicit variable in the model equations and a dynamic representation of specific
developments in the global economy can be represented. In particular, in each period the
financial intermediary distributes the global funds between regions according to investors’
expectations. Hence, capital progressively moves to regions with high (expected) rates of return
where the gap between expected and actual rates of return falls period after period. This is
particularly relevant given that both the energy efficiency and the renewable targets imply the
introduction of a specific form of technical change that is transmitted by capital investment. A
further interesting line of research that could benefit from this dynamic framework can focus on
the coherence between the targets of the different EU climate policies (EU2020, EU2030, EU
Roadmap to 2050).

Technological change might be modelled alternatively as exogenous or endogenous. In the case of
endogenous technical change it is necessary to develop specific modules (as in the case of energy
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7 Conclusions

The European Union has developed a strategy to mitigate climate change by cutting GHG
emissions and fostering low carbon technologies. However, the risk of implementing unilateral
policies is that distortive effects are generated at the global scale affecting world energy prices,
international competitiveness and the geographical allocation of carbon intensive production
processes. The unilateral imposition of stringent climate policies may produce distortive effects
in terms of displacement and re-allocation of carbon intensive production processes to
unregulated countries where no climate policies are in force, a phenomenon also known as
carbon leakage. Using an adjusted dynamic CGE model, we assess the rate of carbon leakage and
the adverse impacts on competitiveness in a number of scenarios over the period 2010-2050.
The scenarios range from a global effort where all countries participate to reach the necessary
emissions reductions in 2050 that are compatible with the 450ppm GHG concentration target, to
a EU alone scenario, where only the EU achieves these necessary reductions. For the latter
scenario, three different anti-leakage measures are modelled, two measures implementing
border carbon adjustments and one focussing on investing in energy efficiency and renewable
energy through a 10% levy on carbon tax revenue.

The results show two interesting things. First, if all countries cooperate, there is obviously no
carbon leakage and the economic effects for the EU are overall positive. There are small adverse
effects on the competitiveness of EU manufacturing sector, but especially if international
emissions trading is allowed, these effects are very small and decline towards the end of the
planning horizon. Second, without international cooperation, carbon leakage and the adverse
effects on competitiveness become quite serious. Anti-leakage measures can mitigate leakage and
adverse effects on competitiveness to some extent. An ‘optimality’ analysis, distinguishing the
criteria environmental effectiveness, cost effectiveness, and political feasibility revealed that the
extra investment in energy efficiency and renewable scored relatively well on all criteria in
contrast to the border carbon adjustment measures that scored not so well, especially on the
political feasibility criteria.

Apart from protecting the competitiveness of ‘sunset’ industries, like the energy-intensive
industries (in the words of Hallegatte et al., 2013), the investment option may also enhance the
international competitiveness of ‘sunrise’ industries such as the renewable energy technology
industry.

Our conclusions are in line with the qualitative assessment of policy options to mitigate carbon
leakage and adverse effects on competitiveness that was carried out in parallel to our research
and that is reported in Turcea and Kalfagianni (2015). The best policy to mitigate adverse effects
on carbon leakage and competitiveness is to have an international agreement with broad
cooperation. In the event of a lack of international cooperation, the second-best policy for the EU
is to accelerate investments in energy efficiency and renewable energy, protecting the
competitiveness of ‘sunset’ industries and enhancing the competitiveness of ‘sunrise’ industries.
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S(’)I‘(iP EOd Country S(’)I‘(iP EOd Country S(’)I‘(iP Code | Country

BRA bra | Brazil EU27 mlt | Malta RAM gtm Guatemala

CAN can | Canada EU27 nld Netherlands RAM hnd Honduras

CHN chn | China EU27 pol Poland RAM nic Nicaragua

CHN hkg | Hong Kong EU27 prt Portugal RAM pan Panama

EExAf xcf Central Africa EU27 rou | Romania RAM pry Paraguay

EExAf egy | Egypt EU27 svk | Slovakia RAM per Peru

EExAf nga | Nigeria EU27 svn | Slovenia RAM xca Rest of Central America

EExAf xnf | Restof North Africa EU27 esp | Spain RAM xna Rest of North America

EExAf zaf South Africa EU27 swe | Sweden RAM xsm | Restof South America

EExAf xac | South Central Africa EU27 gbr | United Kingdom RAM ury Uruguay

EExAm | arg | Argentina FSU blr Belarus RAS arm | Armenia

EExAm | bol Bolivia FSU rus Russmn. RAS bgd Bangladesh
Federation

EExAm | col Colombia IDN idn Indonesia RAS bhr Bharain

EExAm | ecu | Ecuador IND ind India RAS khm | Cambodia

EExAm | ven | Venezuela JPN jpn Japan RAS kgz Kyrgyztan

EExAs aze | Azerbaijan KOR kor | Korea RAS lao Lao People's Democr. Rep.

EExAs irn Iran Islamic Republic | MEX mex | Mexico RAS mng | Mongolia

EExAs kaz | Kazakhstan NOR nor | Norway RAS npl Nepal

EExAs kwt | Kuwait RAF bwa | Botswana RAS xea Rest of East Asia

EExAs mys | Malaysia RAF cmr | Cameroon RAS X0C Rest of Oceania

EExAs omn | Oman RAF civ Cote d'Ivoire RAS xsa Rest of South Asia

EExAs gat Qatar RAF eth Ethiopia RAS xse Rest of Southeast Asia

EExAs xsu | Restof Form SovUn. | RAF gha | Ghana RAS sgp Singapore

EExAs xws | Restof Western Asia | RAF ken | Kenya RAS lka Sri Lanka

EExAs sau | Saudi Arabia RAF mdg | Madagascar RAS twn Taiwan

EExAs are United Arab Emirates | RAF mwi | Malawi RAS pak Pakistan

EU27 aut | Austria RAF mus | Mauritius RAS phl Philippines

EU27 bel Belgium RAF moz | Mozambique RAS tha Thailand

EU27 bgr | Bulgaria RAF nam | Namibia RAS vnm | Vietnam

EU27 cyp | Cyprus RAF xec | Restof East Africa | REU alb Albania

EU27 cze Czech Republic RAF XSC Rest South Afr Cus | REU hrv Croatia

EU27 dnk | Denmark RAF xwf | Restof West Africa | REU geo Georgia

EU27 est Estonia RAF sen | Senegal REU xee Rest of Eastern Europe

EU27 fin Finland RAF tza Tanzania REU xef Rest of EFTA

EU27 fra France RAF uga | Uganda REU Xer Rest of Europe

EU27 deu | Germany RAF zmb | Zambia REU xXtw Rest of the World

EU27 gre Greece RAF zwe | Zimbabwe REU tur Turkey

EU27 hun | Hungary RAF mar | Morocco REU ukr Ukraine

EU27 irl Ireland RAF tun | Tunisia ROECD | aus Australia

EU27 ita Italy RAM xcb | Caribbean ROECD | isr Israel

EU27 lva Latvia RAM chl Chile ROECD | nzl New Zealand

EU27 Itu Lithuania RAM cri Costa Rica ROECD | che Switzerland

EU27 lux Luxembourg RAM slv El Salvador USA usa United States of America
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agri pdr paddy rice wood lum wood products

agri wht wheat paper pPpPp paper products, publishing
agri gro cereal grains nec oil_pcts p_c petroleum, coal products

agri v_f vegetables, fruit, nuts chem crp chemical, rubber, plastic products
agri osd oil seeds nometal nmm mineral products nec

agri cb sugar cane, sugar beet basicmet is ferrous metals

agri pfb plant-based fibers basicmet nfm metals nec

agri ocr crops nec basicmet fmp metal products

agri ctl Eg‘r,:;i cattle, sheep and goats, transeqp mvh motor vehicles and parts

agri oap animal products nec transeqp otn transport equipment nec

agri rmk raw milk macheqp ele electronic equipment

agri wol wool, silk-worm cocoons macheqp ome machinery and equipment nec
agri frs forestry oth_man_ind | omf manufactures nec

agri fsh fishing electricity ely electricity

Coal coa coal gas gdt gas manufacture, distribution
0il oil oil services wtr water

Gas gas gas services cns construction

nometal omn minerals nec services trd trade

food cmt Eloe‘g?;::;ilceé:h%p and goat transport otp transport nec

food omt meat products wat_transp wtp water transport

food vol vegetable oils and fats air_transp atp air transport

food mil dairy products services cmn communication

food per processed rice services ofi financial Oth_Ind_serices nec
food sgr sugar services isr insurance

oth_man_ind | ofd Oth_Ind_ser products nec services obs business and other services nec
food b_t Eigifi%gs and tobacco services ros recreational and other services
textile tex textiles services osg ggsll:t?:s}lga??hd defence,
textile wap wearing apparel services dwe ownership of dwellings

textile lea leather products
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