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Abstract
This paper examines the effect of UK trade liberalization on carbon leakage. We present quantitative estimates of carbon leakage under the cumulative effect of UK FTAs. We find that the implementation of these import tariff reductions increases the overall rate of leakage, corroborating findings from previous studies on carbon leakage from freer trade. Analysis of the trade-induced carbon leakage shows large differences between leakage caused by reductions of import tariffs on energy goods and by reductions of import tariffs on non-energy goods. It also shows large differences in emission responses among country regions. We then assess the implementation of a UK Carbon border adjustment to mitigate carbon leakage from freer trade, we find that a sectorally limited carbon border adjustment would reduce carbon leakage by about two third compared to a system of free allocation. The incidence of carbon leakage is derived both from the energy price effect (indirect leakage) and the competitiveness channel (direct leakage).



1. Introduction
‘Climate change presents a unique challenge for economics: it is the greatest and widest-ranging market failure ever seen.’ (Stern, 2007).

The market failure refers to the fact that decentralised mitigation efforts do not suffice to achieve the necessary number of reductions in global CO2-emissions. The climate is a global public good; since mitigation efforts are costly, countries have strong incentives to free ride on the efforts of other. Whether emissions are reduced abroad or at home makes no difference for the local consequences of climate change. For this reason, the world is set for unilateral climate policies at the national level that are likely to be highly heterogeneous regarding their level of ambition as measured by the percentage reductions of territorial emissions. Countries not only differ with respect to their targets, but they also differ with respect to the instruments. Therefore, it is immensely challenging to commit all countries to emission mitigation policies (Nordhaus, 2015). Nonetheless, 187 of the 197 countries parties, have ratified the Paris Accord and thus acknowledge that ‘climate change is a common concern of humankind’, and recognise the ‘need for an effective and progressive response to the urgent threat of climate change based on the best available scientific knowledge’ (Art. 3). 

The core problem of global climate mitigation policies is that the world has not adopted a common price for carbon emissions or a binding emission cap. For this reason, Nobel Prize winner William Nordhaus (2015) has recommended the creation of a Climate Club - a large coalition of countries willing to engage into mitigation policies. Based on economic theory and empirical modelling, he argues that without sanctions against non-participants there are no stable coalitions other than those with minimal abatement. By contrast, a regime with small trade penalties on non-participants, a Climate Club, can induce a large stable coalition with high levels of abatement. 

Policymakers must deal with the fact that no such Climate Club exists and that only a subset of regions, the UK being one of them, is willing to adopt sufficiently ambitious climate policies. The problem with unilateral, heterogeneous climate policies is that they reduce the effectiveness and efficiency of unilateral carbon policies such as CO2-prices. Moreover, by giving rise to competitiveness concerns, asymmetries undermine more ambitious national climate policy initiatives. Global climate warming can be effectively addressed by a global policy approach only. 

The fragmented global climate policy landscape lies at the core of the carbon leakage problem (the phenomenon that part of the greenhouse gas emissions abated domestically may resurface outside the boundaries of the regulated jurisdiction). If all relevant countries of the world where to engage into comparable carbon mitigation policies such as carbon pricing through a global cap-and-trade system, no leakage problem would arise. This is because it not only implies that unilateral measures are less effective than they appear at first sight, but also that there are benefits to being a “climate laggard” and to undercutting the environmental regulations of others to attract economic activity. This undermines the goodwill that the Paris Agreement and COP26, which relies on voluntary contributions and peer pressure to move towards carbon neutrality, are built on. 

The UK is among the nations reinforcing their commitments to climate neutrality by 2050 (Paris Accord) by imposing a stringent set of domestic environmental measures such as the Climate Change Act in 2008. Under this Act, the UK is legally required to achieve the 2050 commitment to reduce GHG emissions by at least 80% compared with 1990 levels. In May 2019, these targets were reassessed by the Committee on Climate Change (CCC). Their Net Zero Technical Report advises the UK to reduce GHG emissions by 100% from 1990 levels by 2050. The CCC also revised Scotland’s targets to meet net-zero by 2045, and for Wales to reduce GHG emissions by 95% by 2050. These recommendations will deliver the commitment the UK made in the 2015 Paris agreement.

Since 1997, the UK economy has been moving from a manufacturing base towards the services sector to reach around 85% of its production and GDP resting on the services sectors[footnoteRef:3].  One of the consequences of this transition is that more of the goods bought and used in the UK are now produced overseas. The UK carbon footprint (measured by GHG emissions) peaked in 2004 at 1,018 mt CO2 equivalent (Co2e) to reach 703 mt Co2e in 2018, a reduction of 31 per cent over 14 years. On the other hand, a study conducted by the UK Department for food, agriculture and rural Affairs (Defra) shows that the proportion of the total GHG footprint accounted for by imports was higher in 2018 (at 43 per cent) than in 1997 (41 per cent). The proportion of the total GHG footprint generated directly by UK households has remained between 16 and 21 per cent between 1997 and 2018. The UK is now among the largest importer of Co2 emissions of the G7. The biggest source of these “imported” emissions is China, followed by the EU. [3:  Office of National Statistics, 2017. ] 


During that same period, the UK, as a member of the European Union (EU), has signed and enforced a multitude of FTAs. Post Brexit, since 2016, the UK has rolled over 69 of these FTAs and has signed a few more such as Japan CEPA and at the same time as established it new sets of import tariffs (UKGT).

We postulate that through its services specialization, its stricter domestic environmental regulations and its expanded trade liberalisation, the UK contributes to carbon leakage and inflates the world’s emissions. Via the pollution haven hypothesis and the factor endowment hypothesis, we can examine the cumulative impact of FTAs on carbon leakage and identify the role that specialisation in less energy intensive sectors such as services sectors plays in the UK’s contribution to climate change and carbon leakage. Emissions produced directly by the UK have declined as the result of a combination of environmental policies and a shift of the UK economy from more carbon-intensive manufacturing to less carbon-intensive service-based industries but imports of carbon intensive goods have increased.

Then we assess one environmental policy destined to reinforce commitments to climate neutrality by 2050 and to a 55% reduction (in reference to 1990) in emissions by 2030: a UK carbon border adjustment mechanism (modelled after the EU CBAM). The theoretical benefits of the measure are clear: A comprehensive carbon border adjustment would ensure that all goods sold on the UK market face the same price on carbon emissions incurred in their production, which increases efficiency and ensures a level playing field for different producers. In fact, in a simple, multi-country theoretical model where other countries’ carbon prices are taken as given, it can be demonstrated that the combination of domestic carbon pricing with a symmetrical carbon border adjustment emerges as the “second best” economic solution (Markusen, 1975, Hoel, 1996). With all producers facing higher production costs, domestic producers would be able to pass on to consumers the additional costs of either buying emissions allowances or investing into cleaner production methods, without fear of being pushed out of the market by foreign competitors not subjected to the same cost and regulations. If producing abroad no longer allows companies to evade costs, there would also be less of an incentive to relocate production and thus less carbon leakage. Finally, a carbon border adjustment could even incentivise adoption of more ambitious climate policies in other regions of the world (Lessmann et al., 2009, Böhringer et al., 2016). 

This paper attempts to quantify the effect of trade liberalization on carbon leakage. It serves three purposes. First, it examines the potential bias in previous estimates of carbon leakage that did not take into account already agreed-upon trade liberalization. The framework here can also be applied to examining the impacts of future trade liberalization agreements on international climate change policies. Second, it contributes to the general 'trade and environment' literature, by analyzing simulation results in the light of two opposing hypotheses: the pollution haven hypothesis and the factor endowment. Our objective is to identify channels through which carbon leakage expands via freer trade and determine the effectiveness of environmental policies designed to reduce it. The environmental impacts are capture via the scale and composition effects.


Our paper makes three contributions: 1) we measure the cumulative impact of UK FTAs using the GTAP-E model; 2) we assess the impact of a new UK instrument to tackle carbon leakage: a carbon border adjustment mechanism for the UK and 3) we estimate variations to the carbon border mechanism to mitigate carbon leakage.

The remainder of the paper is divided in six sections. Section 2 reviews the literature. Section 3 highlights the methodology. Section 4 discusses the data. Section 5 presents the results and section 6 concludes.


2. Literature review.
2.1 Trade, Economic Growth and GHG emissions
The unprecedented growth of the world economy has resulted in an increasing concern that its development is a contributing factor to the greenhouse effect. This topic has drawn upon various theoretical models, one of which is presented by the Environmental Kuznets Curves (EKC). 

The EKC highlights the scale effect, which is the initial transition of the economy from agricultural production in rural areas to industrial production in urban areas. As industrial production intensifies, more energy is used, resulting in increased greenhouse gas (GHG) emissions through combustion. However, as the economy develops, there will be a structural change from manufacturing and industrial production to service-based industries. Higher economic development leads to better technology, environmental awareness and enforcement of environmental regulations resulting in the gradual decline of environmental degradation.

The UK has shown evidence of absolute decoupling between 1985 and 2016, as gross domestic product (GDP) per head grew by 70.7%, while CO2 emissions fell by 34.2%. This decoupling relationship is largely a result of the economic structural change, technological advancement and enforcement of environmental regulations such as the Climate Change Act in 2008. Under this Act, the UK is legally required to achieve the 2050 commitment to reduce GHG emissions by at least 80% compared with 1990 levels.
This economic structural change saw the services sector contribute to around 51% in 1948 to reach 80% of total GDP in 2017 and 85% of total GDP in 2019. As the UK’s economy also witnessed technological development, the substitution of fossil fuels with renewable energy quickened substantially. For example, between 1990 and 2017, energy from renewable sources increased by 1,267%, while fossil fuel energy consumption declined by 22%, further diminishing its effect on pollution levels.
However, one of the criticisms of the EKC theory is that service-focused countries tend to create indirect emission by outsourcing the manufacturing of consumer items to countries with lower labour costs such as China. An increasing proportion of the UK’s economy is devoted to the higher-value services sector, which consumes less energy. This raises emissions through international trade flows, exaggerating any apparent decline in territorial-based emissions. 
Recent economic literature on the relationship between international trade, economic growth and the environment is more positive, i.e., it seeks to empirically test hypotheses about how growth or trade effects the environment, which is crucial for resolving current policy debates. There are two competing hypotheses that predict how international trade affects the environment: The pollution haven hypothesis (PHH) and the factor endowment hypothesis (FEH)

The PHH predicts that, under free trade, multinational firms will relocate the production of their pollution-intensive goods to developing countries, taking advantage of the low environment monitoring in these countries. Over time, developing countries will develop a comparative advantage in pollution-intensive industries and become “havens” for the world’s polluting industries. Thus, developed countries are expected to benefit in terms of environmental quality from trade, while developing countries will lose.

The FEH, on the contrary, asserts that it is not the differences in pollution policy, but the differences in endowments or technology that determine trade. In particular, it predicts that the capital abundant country exports the capital-intensive (dirty) goods, which stimulates its production, thus raising pollution in the capital abundant country. Conversely, pollution falls in the capital-scarce country because of contraction of the production of pollution-intensive goods since there is no comparative advantage of producing polluting goods in the developing world. So overall, the effects of trade on the environment both locally and globally depend on the distribution of comparative advantages across countries. It is important to note that comparative advantage is determined jointly by differences in pollution policy and among other influences by differences in factor endowments.

2.2 Carbon leakage and its mechanism 
Carbon leakage is defined as the additional CO2 emissions of non-mitigating countries (i.e., subjected to a weak policy) compared to the CO2 abatement achieved by pioneering regions (i.e., pursuing additional policy ambition such as the UK). Carbon leakage is an important aspect of the globally fragmented CO2-policy landscape as it has implications on GDP growth, health, infrastructure, trade, employment, emissions, and business decisions. 

Carbon leakage can take place through two main mechanisms or channels that are activated by policy-induced changes in relative prices (Arroyo-Curràs et al, 2015; Böhringer et al., 2017): 

1) changes in international trade of goods and services that embody carbon emissions generated during the production process, also known as direct leakage or the product market or competitiveness channel; this channel may operate or be magnified by international mobility of firms, i.e., by a capital market channel. This is when the production of energy-intensive goods (such as steel, cement, or chemicals) moves to less regulated countries (either through outright relocation or gradual shifts in investment), incentivised by differences in production costs and a lower regulatory burden. This channel is theoretically explained by the PHH or FEH.

2) changes in the patterns of international fossil fuel trade, which has been called indirect leakage or the energy markets channel. This second channel is similarly important: Domestic restrictions on the use of fossil fuels could depress their prices internationally and thereby incentivise greater use in other, less regulated countries and sectors (Görlach and Zelljadt, 2018, Cosbey et al., 2019). The energy markets channel results from reduced demand for fossil fuels due to unilateral action in emission abating regions, which depresses global energy prices and induces larger demand and consumption in non-abating regions.

Technology spillovers are often posited as a third channel, and countervailing channel of carbon leakage: Ambitious climate regulation in technologically advanced jurisdictions could spark innovation in clean energy technologies and thereby reduce emissions globally, thus giving rise to negative carbon leakage. Sometimes the literature also discusses a spill-over channel which refers to the possibility that carbon policies of committed regions lead to technological progress that spills over to non-committed regions and may help lower emissions there. The “technology spillovers channel” is indeed a real and relevant force (Gerlagh and Kuik, 2014, Dechezleprêtre and Sato, 2017), but due to its idiosyncratic nature and the difficulties of integrating technology and spillovers into the modelling, we only focus this analysis on channel 1 and 2.

Carbon leakage can be positive (most likely for channels (1) and (2)) or negative via technology spillovers.


2.3. Trade Liberalization and Carbon leakage 
Since the mid-90s, multilateral trade liberalization such as the Uruguay Round Agreement and multilateral environmental agreement on climate change such as the Kyoto protocol have demonstrated a global need for shared policy objectives such as reduction in barriers to trade and GHG emissions. The Uruguay Round consisted in four rounds of tariff reduction among 125 countries and led to the creation of the WTO thus to further liberalization since then. Via the Kyoto Protocol, a group of industrialized countries and countries with economies transition, labelled the Annex-I countries, have agreed to reduce their emissions of greenhouse gases in the coming decade, as a first step to prevent dangerous interference with the climate system.


The two policies, climate change and trade liberalization, will interact in various ways. Regulations for emissions reductions in the Annex-I countries will change domestic production and consumption patterns, but they will also affect other economies through changes in trade and international investment flows. Specifically, production that is highly dependent on energy use is expected to move from the Annex-I countries to non-Annex-I countries, when the first group of countries implements regulations that aim at the reduction of carbon dioxide emissions (the major greenhouse gas). Due to the international reallocation of energy-intensive production, carbon dioxide emissions in countries without emission reduction commitments will probably rise; leading carbon to leak. 

Energy- and carbon-intensive industries in the Annex-I countries fear that unilateral carbon abatement measures will harm their competitiveness, endanger employment, and will not improve the environment mostly because of carbon leakage. For example, the Kyoto protocol is believed to exempt too many countries from the need to make reductions. This concern for the impacts of the protocol on the competitiveness of US industry was also clearly expressed in the Byrd-Hagel resolution in the U.S. Senate in 1997, which opposed the ratification of the Kyoto Protocol in its present form (U.S. Senate, 1997). This suggests that sub global emissions reduction would not only harm industries in participating countries but would also harm the environmental integrity of the protocol by shifting emissions from participating to non-participating countries. Thus, freer international trade could undermine the effectiveness of environmental regulations. 

This lead to international trade to cause carbon leakage, and to freer international trade will further undermine the effectiveness of unilateral carbon dioxide emission reduction measures

3. Methodology
As per the environmental modelling literature, we use a CGE model. The numerical analysis in this paper employs the GTAP-E model version 7[footnoteRef:4], member of the Global Trade Analysis Project (GTAP) family of models (1997). The GTAP model is a widely used, static, multisector, multiregion applied general equilibrium model. It is based on a detailed database broad coverage of (trade) distortions and explicit statistics on transport margins. Firms use constant-returns-to-scale technologies, except for the resource sectors with an upward-sloping supply function, where a fixed factor is in the production technology to construct a diminishing-returns-technology. Import demand is modelled through the Armington assumption imperfect substitutability between domestic and imported goods and between imported goods from different regions. The model assumes a global mediate between world savings and investments, and a region-specific equation for consumer demand that allows for different responses to price income changes across regions. GTAP-E has the same structure as GTAP, but production structure and consumption structure include a more detailed description of substitution possibilities among different sources of energy. A further description model's features is given by Truong (1999).  [4:  See Burniaux and Truong, 2002; McDougall and Golub, 2009.] 


Following Morsdoff (2021), one addition was made to the model:[footnoteRef:5] a carbon border adjustment was incorporated into the model by introducing sector-specific tariffs and export subsidies on carbon-intensive goods, set in proportion to regional carbon intensities and to the respective carbon price difference between regions.  [5:  Bednar-Friedl et al. (2012) show that the neglection of process emissions leads to an underestimation of the carbon leakage rate by approximately one third.] 


3.1. Baseline
The GTAP10.1 database has a reference year of 2014; we need to update it to reflect important changes to the trade dynamics of the UK and the world. The first adjustment we made is to reimpose tariffs and non-tariff barriers between the UK and the EU27.As per governmental publication, we assume an average FTA scenario for UK-EU barriers.

3.2. Scenarios
3.2.1. Modelisation of UK Trade Agenda
Based on the new trade agreements signed by the UK, we model the FTAs with Australia, Japan, New Zealand. To capture future FTAs, we model trade liberalisation between the UK and India, CPTPP, China and the United States. Finally, we turn to the cumulative impact of all these FTAs. 


3.2.2. Carbon Border Adjustments
Following Morsdoff (2021), we model two variations of a carbon border adjustment mechanism imposed by the UK and the EU27 on all trade partners where different antileakage measures (carbon border adjustment and free allocation, each with varying degrees of coverage) are assessed. In the first scenario, “Carbon border tax direct”, import tariffs are imposed on the three energy-intensive sectors metals, minerals and chemicals, at a level equal to the product of the region-specific direct sectoral carbon intensity and the European carbon price. The second scenario, “Full carbon border adjustment”, adds to the import tariffs a set of export subsidies that fully compensate domestic producers in the above-mentioned sectors for the costs incurred in the production of exported goods.

In order to simplify the work, we use Morsdorf (2021) figures for the EU28 and apply them for the EU27 and for the UK.[footnoteRef:6] These all participate either in the EU ETS itself or in a separate ETS linked to or closely modelled after the EU ETS, and policies are by and large aligned also in non-ETS sectors – though of course it is not certain whether this will remain the case, particularly as regards the UK. Coherence of climate policies within other regions is more questionable but this does not affect the results of this study, which assumes that only Europe and UK pursue an active climate policy while other world regions do not change their policies. [6:  Morsdorf (2021) calculations were for the EU28 thus included the UK. UK has similar environmental policies to the EU27.] 


We also model the economic and environmental impact of the UK joining a “Climate Club” a la Nordhaus where a common price for carbon emissions is adopted by participants and small trade penalties are imposed on non-participants.
	
4. Data
4.1. Calibration of the GTAP model
This modelling was done with the GTAP10.1 database (reference year of 2014). The aggregation of countries and sectors is broadly in line with the carbon leakage literature (Bohringer et al, 2012; Morsdoff, 2021). It focuses on those sectors that are known to be most relevant to the phenomenon of carbon leakage – the energy goods sectors, the energy-intensive industries (metals, minerals, and chemicals), and the transport sector – while others are subsumed into the “all other goods” category. Countries are grouped into macro-regions based on geographical and political proximity and economic structure. Table 1 shows the sectoral and regional aggregation used in the simulation.

We have aggregated the GTAP-E 10.1 database into 21 countries regions, and 39 traded commodities. Annex-I regions include: USA, EU27, Central and Eastern Europe, and the Former Soviet. Non-Annex-I regions include: China (inclusive of Hong Kong), Dynamic Economies (Taiwan, Korea, Singapore, Thailand), the Middle East, Brazil, the rest of the world, divided between Net Energy Exporters and Net Energy Importers. Among the Net Energy Exporters are

Table 1: Sectors and regions 
		Sectors
	 
	Regions

	 
	
	 

	Energy goods
	
	Annex 1

	Electricity
	
	UK

	Refined oil & Coal products
	
	EU27

	Natural Gas
	
	USA

	Crude Oil
	
	Canada

	Coal
	
	Japan

	 
	
	Australia
Russia

	Non energy goods
	
	New Zealand

	Ferrous metals
	
	 

	Non ferrous metals
	
	Non-Annex 1

	Mineral products
	
	China

	Chemical
	
	India

	Paper products and publishing
	
	Least Developed Countries

	Other manufacturing
	
	Korea

	Agriculture
	
	Energy Exporting countries

	Processed foods
	
	Rest of World

	 
	
	Chile

	Services
	
	Peru

	Construction
	
	Singapore

	Trade & Accommodation 
	
	Vietnam

	Other transportation
	
	 

	Air Transportation
	
	 

	Water Transportation
	
	 

	Warehousing
	
	 

	Communication
	
	 

	Financial services
	
	 

	Insurance 
	
	 

	real estate
	
	 

	Business services
	
	 

	recreational services
	
	 

	Governmental services
	
	 

	personal services
	
	 

	 
	 
	 



	
	
	



4.2. Structure of the UK Economy
To demonstrate relative importance of carbon intensive imports, we present data on the specific structure of the UK economy which shows the dominance of services sectors. Table 2 provides an overview of the relative importance for total consumption of each commodity of domestic production and import supply. As we can see, three sectors, construction, trade and business services, each contribute in excess of 8.0 per cent of the total domestic production. Most of the other sectors contribute between 0.01 per cent and 6.0 per cent. On the import side, three sectors also stand out, computer, motor vehicles and business services, with 8.0 per cent each. In most cases, the importance in production does not coincide with importance in imports except for 3 sectors, accommodations (3.5% versus 3.0%), financial (5.1% versus 3.1%) and business services (15.0% versus 8.8%). Imports of manufactured goods (sectors 19-45) represents 68.0% of UK imports whereas they are 13.5% domestically produced.

Table 2: Summary of the commodity/sector characteristics.
	GTAP Sectors
	Sector descriptions
	Contribution to Production
	Contribution to Imports

	1-12
	Products of agriculture
	0.94%
	2.13%

	13
	Products of forestry, logging & related services         
	0.04%
	0.01%

	14
	Fish & other fishing products
	0.06%
	0.09%

	15
	Coal and lignite             
	0.01%
	0.11%

	16-17
	Crude Petroleum & Natural Gas  
	0.55%
	3.98%

	18
	Metal Ores
	0.25%
	0.31%

	19-20
	Meat products nec
	0.55%
	1.16%

	21
	Vegetable oils & fats
	0.06%
	0.33%

	22
	Dairy products
	0.28%
	0.55%

	23-25
	Food products nec
	1.18%
	2.72%

	26
	Beverages and tobacco products
	0.43%
	2.07%

	27
	Textiles
	0.17%
	0.95%

	28
	Wearing apparel
	0.08%
	4.07%

	29
	Leather products
	0.03%
	1.35%

	30
	Wood products
	0.23%
	0.69%

	31
	Paper products, publishing
	0.62%
	1.07%

	32
	Petroleum, coal products
	0.62%
	3.05%

	33
	Chemical products
	1.03%
	4.54%

	34
	Basic pharmaceutical products
	0.56%
	4.40%

	35
	Rubber & plastic products
	0.61%
	1.98%

	36
	Non-Metallic Mineral products nec
	0.45%
	0.81%

	37
	Ferrous metals
	0.44%
	3.23%

	38-39
	Metal products
	0.83%
	1.67%

	40
	Computer, electronic & optical products
	0.72%
	7.78%

	41
	Electrical equipment
	0.38%
	3.22%

	42
	Machinery & equipment nec
	0.92%
	5.14%

	43
	Motor vehicles & parts
	1.66%
	8.85%

	44
	Transport equipment nec
	0.96%
	4.96%

	45
	Manufactures nec
	0.65%
	3.71%

	46
	Electricity
	2.11%
	0.14%

	47
	Gas manufacture, distribution
	1.13%
	0.01%

	48
	Water
	1.18%
	0.52%

	49
	Construction
	8.23%
	0.28%

	50
	Trade
	10.78%
	0.23%

	51
	Accommodation, Food & service activities
	3.55%
	2.93%

	52
	Transport nec
	1.81%
	0.61%

	53
	Water transport
	0.38%
	0.57%

	54
	Air transport
	0.64%
	1.89%

	55
	Warehousing & support activities
	1.21%
	0.24%

	56
	Communication
	2.94%
	1.98%

	57
	Financial services nec
	5.12%
	3.07%

	58
	Insurance (formerly isr)
	2.09%
	0.32%

	59
	Real estate activities
	4.01%
	0.20%

	60
	Business services nec
	15.02%
	8.79%

	61
	Recreational & other services
	3.51%
	2.19%

	62
	Public Administration & defense
	4.74%
	0.18%

	63
	Education
	4.04%
	0.10%

	64
	Human health & social work activities
	6.36%
	0.26%

	65
	Imputed rents of owner-occupied dwellings
	5.81%
	0.54%




5. Results and Discussion

5.1. Impacts of trade liberalization on carbon leakage
We divide these results in two parts: one for the baseline update (Brexit) and the other part for the FTA implementation

5.1.1 Carbon leakage rates

5.1.2. Channels of carbon leakage
5.2. Impacts of carbon border adjustment mechanism 
5.2.1. Carbon leakage rates
5.2.2. Channels of carbon leakage
6. Conclusions and policy implications
Should carbon leakage be part of FTA agreement?
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