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1. Introduction

Climate change is a global problem that urgenttyunes global solutions. The
concentration of greenhouse gases (GHGs) in thesunere is the product of
several sources of emissions from all countriesnséquently, the climate —
which affects everyone— depends on everyone’s behav

The global nature of the problem makes the figlatirsgj climate change a global
public good: the costs of abatement are nationaillevine benefits are global and
independent of where the emission reduction isiodta In this context, countries
have the incentive to neglect environmental padi@emed at reducing domestic
emissions and to rely on the reduction achievedthgr countries. This is known
as the free-rider problem.

Traditional solutions for public goods applied atianal level cannot be effective
when these goods are global. Governments haveega &uthority to establish
laws and institutions within their territories biltere is no legal mechanism to
coerce reluctant free-riding countries into inteéiorzal treaties or agreements that
would guarantee the provision of global public gaod

Although the ideal system would be a cooperativgimme in which countries
negotiate a binding agreement to ensure efficieowipions of the global public
good, the Westphalian nature of the current systdnmations makes this
cooperation unlikely, though not impossible.

Theory and observation show the difficulties toigiesand approve effective and
stable international climate agreements. In the, gpas 1997 Kyoto Protocol set
internationally binding emission reduction targets signatory countries.
Nevertheless, the United States (US) did not raktiyagreement and some of the
signatory countries did not comply with their coniménts. More recently, in
December 2015, the Paris Conference of the Padiesaled again the political
difficulties to adopt and implement a solution atglabal level. Once again,
without a system of penalties on non-participantsl aon-fulfillers, stable

! The 1987 Montreal Protocol on Substances that Deple Ozone Layer is an example of a

successful global agreement. However, in the fagdinst climate change the experience so far
has been much more disappointing. The differentatharistics of ozone-depleting substances
and greenhouse substances mostly explain the afiffeifficulties to act against the ozone layer

problem and against global warming. In the firsdegathe problem was associated with particular
industrial processes and substances for which there cheap substitutes. In contrast, global
warming is associated with production processes dbaerally characterize industrial societies,

such as the use of fossil fuels, intensive agragiath cattle sectors, or a massive generation of
waste.



coalitions are difficult and emissions reductionse &xpected to be small
(Nordhaus, 2015).

In short, on the one hand the global charactediofate change would require a
global binding agreement inherently difficult to behieved. On the other hand
the problem needs an urgent solution and canndt feaisuch an agreement.
Accounting for this contradiction, and consideritige difficulties of collective
action to face global “public bad”, Elinor OstrorB009) defended the idea of
adopting “a polycentric approach for coping witlimate change”. Citizens as
well as local and national authorities should vedwity change their behavior in
order to contribute to reduce the problem, whileitiwg for such a global
agreement. Ostrom’s idea reflects what is happenipgactice. In 2016, about 60
jurisdictions —national and subnational— had a oarlpricing instrument
covering about 13% of global GHG emissions (WorlanB Group, ECOFYS,
2016).

In a globalized world, however, these unilaterdlaas might cause two related
problems: carbon leakage —i.e. an increase of @nissn countries with less
stringent or no abatement policies— and a los®ofpetitiveness for the country
implementing the environmental policy (Lockwood aitialley, 2010; Horn and
Sapir, 2013). In this context, the key issue isrteed of some measures to ‘level
the carbon playing field’ (Houser et al., 2008; gman, 2009). One economically
well-founded measure is the so-called border carbotivated adjustment
(BCA). With this instrument, the region that alrgalas a carbon pricing
mechanism —the abating region— imposes a ‘bordgrsadent’ or tariff on
certain products imported from countries that do lmoit their global warming
emissions —the non-abating regions—.

The carbon leakage and competitiveness are issugmoern and the debate on
the viability of a BCA is in the political agendamgions like the US (American
House of Representatives, 2009) and the EuropeaonU&U) (Mattoo et al.,

% The application of a BCA in the form of tariff ddualso be applied not only when the policy of
the abating region is a carbon tax but also indase of the existence of an emissions trading
system (Gros and Egenhofer, 2011). However, thatilio} of allowances price makes it difficult
to determine which would be the proper border canice or tax. In this case “the requirement
for importers to surrender carbon allowances iseniikely to be compatible with international
law than an import tax” (Kuik and Hofkes, 2010: 2y4Anyway, also in this scenario there would
be a problem similar to the one related to carbanaddx taxes analysed in this paper: what number
of allowances should the importer buy? In principlas in the case we analyse in the paper— we
could use as a reference the effective emissionergted to produce the imported good or the
avoided emissions (see later). In this respeds, tihe same to pay 20 euros for any ton of, GO
terms of taxes or in terms of buying allowances. idaportant difference, however, is that the
carbon price to pay is not fixed in the second dageit depends of the moment in which the
allowance is bought. In any case our conclusionsntomparing relative economic impact and
viability in the context of World Trade Organizatioules of different designs of tax base could be
applied for defining different amounts of requiralowances. On the different problems of
implementing a border adjustment with emissionglitig systems, see Monjon and Quirion
(2010).



2009; Kuik and Hofkes, 2010). Also internationade institutions such as World
Trade Organization (WTO) have already considered#hevance of this measure
(UNEP and WTO, 2009; Hillman, 2013; Matto and Sutmaian, 2013a).
However, a BCA has not been implemented thus fat)ypbecause it gives rise
to some unsolved issues. One of them is its cotmptiwith the international
legal framework, which has become a crucial painthie debate of BCA design.
In short, the general WTO philosophy refers to sbecalled non-discrimination
principle. Using the WTO words “the products [...]Jported into the territory of
any [...] contracting party shall not be subject [ta]internal taxes [...] in excess
of those applied [...] to like domestic products”.

This issue is closely related with the subjecthi$ fpaper: the technical problem
of computing the tax base of the tariff, which éstto define how to calculate the
emissions of different products imported from difiet countries and, thus, how
to design a BCA.

There are two general approaches to define thebéame of a BCA. The first
option takes as a reference the non-abating regietfse origin or place of
production of the imported good— and it is based the total emissions
embodied in the good produced in the foreign cqufitatto et al., 2009, 2013b;
Atkinson et al., 2011; Dissou and Eyland, 2011; f8tger et al., 2012; Ghosh et
al.,, 2012; Elliott et al., 2013; Schenker et al012). In the second option,
conversely, the reference is the abating region e—tace of destination or
consumption of the imported good— and it is basedtle total emissions
embodied in the good if it were produced in theanipg country (Matto et al.,
2009, 2013b; Bohringer et al., 2012; Elliott ef 2D13).

The option of a BCA based on emissions embodiedmports has been
considered by many authors and it would have aigesmpact in environmental
terms because it introduces different taxes digoatmg according the carbon
emissions of different exporters. In any case, @kl emphasize that the role of
BCA is not to discriminate imports according theimission; its role in
environmental terms is to make national carbonimgicmore feasible and
improve it avoiding competiveness and leakage erobl

Even more importantly, its implementation wouldabmost unfeasible because it
is very data demanding, especially if we want tphaplifferent taxes to different
producers and not based on countries’ average iemssdt would require a large
amount of data about technologies and sectoriat®ams in different countries,
which are not available for all countries and alb®omic activities. Moreover, it

% See articles | and Ill in the General AgreementTamiffs and Trade (WTO 1947, 1994).
However, there is an important debate and a leg&ludsion about the interpretation of these
articles. In fact the non-discrimination principteight be overcame through article XX of the
same WTO text that contemplates exceptions to thediscrimination principle (see Hillman,
2013 for a detailed discussion).



would be very difficult to control the deviation ekports from more polluting
countries using third countries (see Monjon andriQuj 2010).

Even in the case of solving the practical probleofisestimating embodied

emissions, this measure could find a great opposarguing that it infringes the
two aforementioned WTO principles. Besides, evethencase of a BCA WTO-
compatible design, some developing countries cowddhifest their reticence for
its potential as a protectionism measure (Holmealet2011) and they could
apply trade retaliations (Fouré et al., 2016). his tcontext, Sakai and Barret
(2016) propose the ‘best available technology’ @ple as an equalization
measure that would avoid being challenged under WaW This proposal,

however, is not exempted from implementation pnoisidinked to the definition

of the best technology of reference.

On the other hand, a BCA based on emissions emibadighe domestically
produced good might be considered as more cleastypatible with WTO

principles and it would also be less data demandiwvever, in this case the
problem would be the definition of the domestictealogy due to the complexity
of global supply chains that characterizes prodagirocesses nowadays.

In this paper we propose an innovative alternaivdesign a BCA based on the
total —direct and indirect— emissions that the gigatregion would have
generated if it had produced completely —i.e. Irtted phases of production— all
the imports from non-abating regions in its owrritery. We called it a BCA
based on avoided emissions and it reproduces ahmfozal autarky situation. We
assume that all inputs —domestic and imported— Hasen produced in the
abating region by applying the so-called ‘domedgchnology assumption’
corrected for international price differences (Aeial., 2014), i.e. we introduce
the deflation of imports as an equalization meaSure

The design of the BCA based on avoided emissiols t0 guarantee that
imported goods received a treatment similar toe'lidomestic products as the
WTO framework suggests. Moreover this system haadalitional advantage in

terms of empirical application because it requinesch less information than

previous BCA systems; in particular, it only regsirdata about the technology
and sectorial emissions from the abating countmggion.

* Our proposal is somehow in line with the approattMattoo et al. (2009), Bohringer et al.
(2012) and Elliott et al. (2013) who propose a®ssjble metric to take into account the emissions
generated producing the goods within the importiogntry. Anyway, the previous studies do not
explicitly consider that the goods produced by ithporting countries use some inputs that are
imported. So it is not clear how they propose tketito account the emissions generated to
produce those inputs, that is the novelty of owppsal. Simply referring to the carbon content
embodied in the domestically produced goods migfdrrto the domestic production, excluding
the imported inputs, or to the emissions embodiethé imported inputs too, taking into account
foreign technologies. Moreover, we take into ac¢onternational prices differences. Considering
all these issues we think that none of the previsaisitions would guarantee the same final
treatment to domestic and imported products.



Any option based on taxing imports taking into agcgodomestic technologies

treats equally imports from countries with differéachnologies. In particular, it

does not recognize the merit of foreign producen® wse technologies cleaner
than domestic ones. However, the problem is noe#istence of a border tax but
the inexistence of a global carbon tax. In the abseof carbon taxes the
environmental merits of cleaner technologies ard rerognized because
enterprises do not pay for climate change costanincase, it could be possible to
introduce the possibility for exporters to clainathheir total (direct and indirect)

emissions for producing a specific product are lothan the emissions used to
define the tax and to benefit from tax discounts.

We take the EU as a case study; we assume thEtilapplies a BCA on imports
in the form of a tax to compensate a European @®and, at the same time, that
the EU exempts its exports from the domestic carkon (Holzer, 2010).
Moreover, unlike the existing literature, the taxesl the BCA are applied at a
product level and not at a sector level. Data frima World Input Output
Database (WIOD) and COMEXT database are usedsrstimulation.

The analysis provides results at a product andteplgvel. In this way it shows

not only the incidence of different BCA designsoilgh the average effect for
each country, but also the spread or concentraifoBCA designs among the

different products imported from different coungridt would be also relevant to
take into account the reaction of economic agemtprices changes as well as
other substitution effects after the introductidra@CA. However, the aim of our

analysis is to address the problem of the desiga BCA, and in particular the

computation of its tax base, what is called therimgtroblem. In that sense, the
analysis of total economic effects of the impleraéioh of a BCA is beyond the

scope of this paper.

The paper is structured as follows. Section 2 plesithe methodology. Section 3
and 4 describe the data and results, respectivelglly, section 5 concludes.

2. Methodology

Imagine an abating region that applies unilateraltlomestic carbon price. In this
context, we further assume that this region exemptsxports from the domestic
carbon price to avoid the competitive disadvantfggomestic firms in the world
market, and that it also implements a carbon botder (CBT) on imported
products to avoid the competitive disadvantageamhestic firms in the domestic
market. Likewise we also assume that non-abatiggpne do not implement any
emissions reduction policy or, if they do, theyoadgxempt their exports from it.

We consider two alternatives for the design of siaiff: one based on the actual
emissions produced by the non-abating regions -ai@BT based on embodied



emissions (EE-CBT)—; and another based on the @nsghat the abating

region would have produced in autarky —i.e. a CB$dul on avoided emissions
(AE-CBT)—. The design of the AE-CBT tries to guassthat imported goods
received a treatment similar to ‘like’ domestic qguots as the WTO framework
suggests.

2.1. CBT on embodied emissions

The EE-CBT is our benchmark and takes into acctumtfact that production
processes are often global and emissions genaragztth stage of production are
produced in different places with different teclogpés and, in consequence,
different emission intensities.

In this context, the tariffsg; applied to each imported product depends on the
carbon price that the abating region applies todiadon content of domestic
products —i.e. the tax rate— and the embodied emissions per monetary unit of
imported product —i.e. the tax bas&g—, according to the following
expressior:

Tgg =t €gg [1]

To calculate emissions embodied in imported praléf;) we use a multi-
regional multi-sectoral framework. Let us considerworld consisting ofc
countries, each composedro$ectors, in which sectoral deliveries are repriesken
by z;;’ that shows the amount of output from sectar countryr consumed as
intermediate input by sectgrin countrys in value termsBesides, each sector
generates a certain amount of emissighs

The input structure or technology of the worldepresented by matrik, where
each element] = z/7/x/ indicates the input from industiyin countryr per
unit of output of industryj in countrys (beingx;’ the value of total output of
sectorj in countrys). In the same way, emission intensities by seaterejs =
v /x}.

If we multiply imports by these direct emission®ffizients of the corresponding
producer country (as in Mathiesen and Maestad, ;2B0& and Hofkes, 2009;

Lin and Li, 2011; and Burniaux et al., 2013), tmeigsions embodied in imports
would be underestimated because direct coefficiagtore the pollution

® Matrices are indicated by bold, upright capitaides; vectors by bold, upright lower case letters;
scalars by italicized lower case letters. Vectoes@lumns by definition, so that row vectors are
obtained by transposition, indicated by a primecitsumflex indicate that we have transformed
the vector into a diagonal matrix with the elemenftthe vector on its main diagonal and all other
entries equal to zero. The notatidiis used to represent a column vector of 1's ofrappate
dimensions, andis the identity matrix.



generated by all intermediate inputs —the directsobut also those used to
produce these inputs—. So, to calculate directiadidect emissions embodied in
imports we rely on total emission multiplier frorhet standard multiregional
input-output framework.We apply the expressida = &L, in which matrixL is
the Leontief inversel{= (I — A)~1), ande is the vector of emission intensities
by sector. Each elemepf; of matrix G reveals total emissions that sectasf

countryr produces for an additional unit of segtam countrys.

However, the CBT should be applied at a productlleVhen, considering that
there arem products and that each sector can produce ditfepeoducts,
emissions embodied in imported produéfg are equal t@&g = i'GU. WhereU
is a diagonal block matrix of dimensiom[X c) x (m x ¢)] that links sectors to
products and its elemenf; shows the share of producbf countrys produced
by sectoi in countryr.

2.2. CBT on avoided emissions

A similar procedure is necessary for estimating t#ff 7, applied to each
imported product based on the avoided emissionadeth

Tag = Cap€ag [2]

In this case, the tax bas&g accounts for total emissions contained in a
hypothetically identical product produced entirglythe abating region —i.e. as if
the imported product had been produced fully at é@ecounting in that way for
the emissions avoided by importing goods—.

We consider, then, that the abating region opernatesitarky. For this purpose,
we apply the domestic technology assumption catedor international price
differences (see Arto et al., 2014).

In this context, total —direct and indirect— em@® by sector are calculated by
Gag = €,Lag, Wheree,g is the vector of emissions intensities for thetiaga
region andL,g is the Leontief inverse derived from the matrix tofal input
coefficients of the region L4z = (I—A,)~1). Matrix A, represents the
technology of the abating region in autarky; thifisnpatrix A, comes from the
aggregation of domestic and imported inputs exp&s monetary terms, price
differences across countries should be taken iodount by applying a monetary
deflator. In this case, each imported prodkctised as intermediate input is
deflated using the ratio between foreign and doimesice p;, /py, which are the
elements of the deflator vectdgg.’

® See Miller and Blair (2009).
"To properly deflate imported inputa, should be derived from supply and use tables. Udee
table should be previously deflated using the ved}g.



As in the EE-CBT system, emissions by product am&cutated asépg =
i'GagUpg, WhereU,g is a @ x m) matrix showing the share of any prodict
produced by any sectoof the abating region.

Finally, to obtain tariffs €4g) in the AE-CBT system, we define the tax rate
vectortyg astyg = tdyg. In this expressior, is the carbon price already applied
to the carbon content of domestic products by thediag region, andl,g is the
deflator vector that allows for deflating the margt value of the imported
product. This second deflation is important to gmnése that imported goods
received a treatment similar to ‘like’ domestic guots as the WTO framework
suggests.

3. Data

All estimations have been made using data for #s 2009 from WIOD (Genty,
2012; WIOD, 2012, 2013; Timmer et al., 2015) andWEXT (Eurostat, 2015).

From the WIOD we use a multi-regional input-outpaltle, international supply
and use tables, and @@missions data for the year 2009. First, we usenthilti-
regional input-output table at current prices tanpate the EE-CBT. This
industry by industry table offers information fot 4ountries (27 countries of the
EU27, 13 other major countries in the world, andtiaé remaining countries
aggregated in a single “rest of the world” regianyl 35 sectors. Second, we use
the international supply and use tables to comthgeAE-CBT. In this case, we
aggregate the 27 countries of the EU into one singjion —the EU27— using
the information from the remaining 14 countries determine the imported
intermediate inputs of each sector. We also usentieenational supply and use
tables to compute matrictlsandUg, which allow to bridge information from 59
CPA products and 35 NACE sectors. Finally, we us@a @n CQ emissions (in
1,000 tons) by sector from the air emissions actspuvhich have the same sector
breakdown (35 sectors) and geographical coverajec@dintries) as the multi-
regional input-output table.

COMEXT contains statistics on trade among EU coesitrand between EU
countries and non-EU countries. Data are expressatbnetary terms (euro) as
well as in physical terms (kilograms), which allos to calculate the deflatofts.

In particular, from a total of 283 trading coungriand 881 products available in
COMEXT, we use information on the 13 non-EU cowsriand “rest of the

world” considered in WIOD and on 217 manufactureddpicts aggregated into
22 WIOD categories.

® Table A.1 from the Appendix provides the deflatoafculated in this study.



We omit agricultural products, raw materials and/ises imported by the EU in
our analysis. First, we exclude agricultural praduand raw materials because for
some products of these categories import is the eawrdy to provide these
products to the European market. Two clear exanmgiegocoa beans to produce
chocolate and coltan to manufacture electronic aesvi Moreover, the data
disaggregation available does not permit to disiisty between products imported
by the EU because they are not producible domdigtitam products imported
but also producible inside the EU. Second, we allgervices because we
consider a CBT system of customs duties appliedusixely to products
physically imported.

As a result, the CBT rates are calculated for 30@8dycts (22 categories
multiplied by the 13 non-EU countries plus the tresthe world” from WIOD).
These tax rates are average tariffs, assumingouemomogeneous good for each
WIOD classification, which aggregates a wide varigtproducts.

4. Results

We take the EU as a case study due to its leadiegon carbon pricing (Gros and
Egenhofer, 2011) and because there is a currerdta&lein strengthening its
environmental policies —the European Emissions ingdSystem (European
Parliament and Council, 2003) and the Europeandyngax Directive (European
Council, 2003)— to reach the EU’s challenging tésgef emission reduction, in
particular in the new framework of the Paris agreetn

We consider the EU as a single region and we asshateit has a domestic
carbon tax of 20 euro/tonG@pplied to all sectors. This tax level was in fidet
tax rate proposed, but not approved, for non-eonssrade sectors by the
European Commission to reform the European Eneggy Directive (European
Commission, 2011; Rocchi et al., 201})As the literature suggests, we also
assume that the EU exempt their exports from theedtic carbon taxation to
avoid the competitive disadvantage of domestic dirm the world market
(Holzer, 2010). Likewise we presume that non-EUntoes are not implementing

° It would be relevant to extend the analysis initigcthe agricultural products and raw materials
that are producible and/or produced in the EU, thig would require data more disaggregated
than the ones available in the used database.dinglithe analysis of agricultural products and
raw material would probably affect the results of analysis, mainly for Brazil and US.

19 Although we set the carbon taxation at a speefdiltie of 20 euro/tonCO—which would be
more or less equivalent a 7-8 euro tax for a critlbarrel— to interpret our results more easily,
the analysis could be expressed in a general fomarfy tax levek. As tax rates are a linear
transformation of the emission content of each pegdates in a general form can be obtained by
multiplying the results obtained 120. Moreover, this tax rate would be consideredienate
since several authors have recently proposed tizaadequate level of a carbon tax should be
higher than 100 US$/tonGG—approximately 95euro/tonGS- (see, for instance van den Bergh
and Botzen, 2014).



any emissions reductUS the carbon field’ we sineuéahypothetical CBT that the
EU would apply on products imported from non-EU mines. Tariffs are
computed based on an AE-CBT system and we compareesults with tariffs
based on an EE-CBT system, our benchmark.

Table 1 shows AE-CBT tariffs by product for each+elJ country. Emissions
avoided by the EU when it imports a physical urfitaoproduct are the same
independently of the country from which the prodsdmported; however, tariffs
in Table 1 —expressed as percentages of monetayes/ vary among
countries due to international differences in @icAs this table shows, the
products mostly affected would be those goods whpeduction in the EU is
very energy intensive such as ‘other non-metallioamal products’ (26} —
which comprise the production of cement, ceramgtass, and lime—; ‘coke,
refined petroleum products’ (23) —based on the sfi@mation of crude
petroleum and coal into usable products—; and ‘dbalmproducts’ (24) —
including petrochemicals, polymers, basic inorgangpecialties, and consumer
chemicals—. From these three categories, ‘othermetallic mineral products’
(26) would be the most affected, particularly pradumported from Russia (with
a tariff rate of 7.8%), China (7.6%) and Indone@al%). For ‘coke, refined
petroleum products’, the rates would be substanttabh for Mexico (16.8%)
and Australia (10.2%). Finally, for ‘chemicals, afieal products’, the most
affected country would be Indonesia (8.1%). Theaimmng 19 product categories
would have a (non-weighted) country average ratalsnmthan 2%.

[Table 1 about here]

1 The number in parentheses after a product nareesr&f the product’'s number in Table 1.
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Table 1. CBT rates on avoided emissions, by produeind country, 2009

V\éﬁg WIOD product AUS BRA CAN CHN IDN IND JPN KOR MEX RUS TUR TWN us RowW
15 Food products and beverages 1.0 1.6 0.5 0.6 1.8 0.8 0.3 0.5 0.8 1.7 0.7 1.2 0910
16 Tobacco products 0.8 23 0.4 0.5 3.8 3.0 1.4 1.0 0.5 1.0 0.7 0.8 0.9 2.2
17 Textiles 0.7 1.2 15 21 25 1.6 0.5 1.3 1.2 2.0 14 15 0.8 2.0
18 Wearing apparel 0.7 1.0 0.4 15 1.0 14 0.2 1.4 0.6 0.8 0.9 1.7 0.7 1.3
19 Leather and leather products 1.8 0.9 0.9 2.6 1.0 11 0.3 0.7 0.8 1.4 1.2 1.4 1111
20 Wood and products of wood and cork 0.8 0.8 0.9 0.9 0.6 0.7 0.2 0.3 0.3 1.3 0.6 0.4 0.6 0.9
21 Pulp, paper and paper products 0.7 0.8 0.7 0.5 0.6 0.6 0.1 0.5 0.7 0.7 0.8 0.3 0.5 0.7
22 Printed matter and recorded media 0.6 0.5 0.4 1.9 2.6 2.3 0.3 15 0.3 0.7 15 0.8 0512
23 Coke, refined petroleum products 10.2 2.8 3.2 1.2 1.7 1.8 1.8 1.8 16.8 2.0 1.6 19 9 2 20
24 Chemicals, chemical products 1.0 35 1.3 2.5 8.1 2.4 0.4 2.2 2.3 3.3 2.6 1.6 0.8 1.5
25 Rubber and plastic products 0.5 0.7 0.8 1.4 11 13 0.4 0.8 0.6 0.7 1.0 0.9 0410
26 Other non-metallic mineral products 1.4 3.6 4.4 7.6 6.1 4.7 0.7 1.6 3.3 7.8 4.9 4.2 1364
27 Basic metals 0.5 11 0.3 1.7 0.5 1.7 0.6 0.9 1.2 1.3 2.0 13 0.9 0.7
28 Fabricated metal products 1.0 1.9 1.1 3.2 2.3 3.0 0.9 2.2 1.4 3.0 2.6 29 0.7 15
29 Machinery and equipment n.e.c. 0.5 11 0.4 1.7 1.3 1.4 0.5 11 0.7 1.2 1.4 11 0.5 0.6
30 Office machinery and computers 0.2 0.4 0.3 0.7 1.4 11 0.3 0.3 0.3 0.3 0.6 0.4 0404
31 Electrical machinery 0.2 1.3 0.2 1.2 1.0 1.3 0.3 0.6 0.4 1.1 1.2 0.5 0.2 0.6
32 Radio, television and comm. eq. 0.7 1.3 0.4 1.4 0.7 2.2 0.7 0.5 0.4 0.8 1.0 0.7 06 1.1
33 Medical and optical instruments 0.3 1.2 0.5 4.2 0.8 1.9 0.5 13 0.8 0.2 3.1 1.6 0.4 05
34 Motor vehicles, trailers 0.4 0.7 0.6 1.6 0.8 0.9 0.5 0.9 0.6 1.0 0.7 0.9 0.5 0.8
35 Other transport equipment 1.0 0.6 0.9 1.1 2.2 15 0.6 0.2 1.6 3.1 0.8 0.9 0.8 04
36 Furniture; other manufactured goods 0.2 8.7 0.4 1.6 1.6 0.9 0.4 1.0 1.2 0.7 1.2 1.2 0711

Unit: percentage.

Non-EU countries: AUS: Australia; BRA: Brazil; CAKkanada; CHN: China; IDN: Indonesia; IND: IndiaNiBapan; KOR: Korea; MEX: Mexico; RUS: Russia; TURrkey; TWN:
Taiwan; US: United States; RoW: Rest of the World.

Source: own elaboration.
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Anyway, tariffs of theAE-CBT system are on averag@nificantly lower than
those of the EE-CBTFigure 1 presents results at aggregate level, showin(
products affected byariffs higher than 2% in a AEBT system(Figure la)
would be less than haof those in a EE-CBT systeffrigure 1b; conversely,
products affected btariffs less than 1% would be three time hi¢.*2

[Figure 1 about here]

Figure 1. Percentage of products based on the tariff si

17%
L tariff < 1%
i 1%< tariff <2%
H tariff >2%

52%

a. Avoided emissions b. Embodied emissions

Source: own elaboration.

These differenceare due basically to three countries: China, Indra Russi
(see Figure A.1 from Appenc). For these countries only 27% of products wc
be greatly affected consideriran AE-CBT and the (nomeighte( product
average tariffswould be 1.9% (China), 1.7% (India)and 1.6% (Russia).
Considering an EESBT, 100% of their products would be charget tariffs
higher than 2%, and th(non-weighted) tariffaverage would be, respective
3.9%, 4.9%, and 4.9%. Although in a less decisiag,Wor almost all the othe
countries, an AEEBT system would also have a weaker impaan an EI-CBT
in terms of loth the level of thitax rates ath their spread across produ

These results suggesiat the technology of the Eis in most caseless polluting
than the technology of the countries from ch the EUimports good, i.e. the
emissions would be smaller if the EU had producechektically all its impor
and in the same quantit. The onlyproducts that would be taxed more with

AE-CBT system and therefore mor‘polluting’, would be tobacco produc’

(16) imported fron Brazil, Indonesia, and Japa‘textiles’ (17) from Brazil,
Indonesia, and Turkeyleather products’ (19) from Astria, Canada, and Turke

12 \We also made a similar comparison of the resultsioeéd fo a system based on avoic
emissions, considering data in monetary terms without takingoi account internation
differences in prices +e. withoutdeflating— the comparison shows the bias that would re
from not considering international price erencesTaxes applied to monetary unity of impor
product would be in general significantly lowernhe ones obtained he
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and ‘chemical products’ (24) imported from Braziidonesia, and Turkey. All
these products represent 15% of all products aealyg2 out 308Y (see Table
A.2 from Appendix).

However, the effect of a CBT system would dependamby on the tax rate but
also on the volume tradé Figure 2 shows the 20 products most affected by an
AE-CBT, which represent more than 60% of the tatfiect of the policy?
Taking into account total value of imported mantidiaed products, the most
affected country would be China —which accountsrémrghly 30% of total tariff
payments— followed by the US. In the case of Chi@ ranking of these
products seems to be more closely related to theme of trade than to the
severity of the tax rates imposed. The three mifstted products, for example,
would not be energy-intensive products, but ‘tesfil(17), ‘radio, television, and
communications equipment’ (32), and ‘medical andicap instruments’ (33).
Two of the 20 most affected products would be fribra US. In particular, US
‘chemical products’ (24) would be the fourth moeeted product and US ‘other
transport equipment’ (35) the ninth. Also, in thése it is due more to the volume
of trade than to high tariffs (0.8% in both cas€x)nversely, very high tax rates
more than the trade volume explain the cost thermefvould imply for Chinese
products classified as ‘other non-metallic mingralducts’ (26).

[Figure 2 about here]

3 1n consequence, in our case study the possibleesive” taxation of relative cleaner products
does not seem very relevant. In any case —as we baid in the introduction— it would be
possible to treat these cases introducing somdisarunts.

4 We made a static quantification of the policy effeaking into account the actual size of trade
flows —i.e. considering that the trade flows wer# altered by the policy—. The assumption is
not realistic even though in the case of avoidedgions approach the simultaneous introduction
of a domestic tax and a tariff on imports does altgr, in principle, relative prices between
domestic and foreign products.

!> The region that would actually be more affectedab@BT system is the region “Rest of the
World”, which would pay roughly 40% of total tariffayments. However, we do not analyse this
region in detail because it aggregates severabdfetent countries, and it would not be possible
to provide a more detailed explanation for the itefound.
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Figure 2. The 20 poducts most affectecby CBT on avoided emissior, 2009

30
f 4 }2
25—
e
20 +—{13 !
1] s
u !
-]
0 >
> 15 . 8
fa
= 5
&
10
10
1 7 )
19 6 3
19 |
5 1» 2
18 15
2
29 ( 11)
0 : : : : : : : :
; 1,0 2.0 3.0 40 5.0 6.0 7.0 8.0
TAX RATES

> 1.CHINA : Textiles

» 3.CHINA : Medical and optical instrumel
»5.CHINA : Machinery and equipment n.¢
> 7.CHINA
2 9.UNITED STATES: Other transport equipm

: Chemicals, chemical produt

> 11.CHINA : Other normetallic mineral produc
> 13.CHINA : Office machinery and comput

> 15.CHINA : Leather and leather prodt

2 17.INDIA: Furniture; other manufactured goc
»19.CHINA : Rubber and plastic produ

»2.CHINA : Radio, television and comm.

2 4.UNITED STATES: Chemicals, chemical produ
26.CHINA : Fabricated metal produ

2 8.CHINA : Electrical machinery

2 10.CHINA : Furniture; other manufactured go«
»>12.UNITED STATES: Coke, refined petroleum prodt
> 14. RUSSIA: Coke, refined petroleum prodt
»16.CHINA : Wearing apparel; furs

2 18.BRAZIL: Food products and bevera

> 20.INDIA: Radio, television and comm.

Units: Trade volume in billions of eu; tax rates in percentage.
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Because the impact on a CBT system relies mord@wdlume of trade than «
the severity of the tariffs imposed, the rankingtleé most affected produc
would change only partially in an CBT system (see Figure A.2 frc
Appendix). Howeer, the two systems would imply a strongly diffdrenpact for
someproducts: ‘basic metals’ (27) produced in Ru—which goes from bearin
1.1% of total policy impact under the avoided emoiss system to 4.4% undel
system of embodied emissi— andChinese ‘medical and optical instrumer
(33) —that goes from 1.6% to 4.¢—.

In this scenario, the overidax collectionof this environmental policy based ol
AE-CBT system wold amount to 1 billion euros, of whicmearly70% would
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correspond basically to imports from developing rdtaes —the Rest of the
World (RoW) (38%), China (29%), and Turkey (5%)—yothe US (9%) would
the only developed country that would contributerenthan 5% to the total
amount (first column of Table 2). However, as tleeond column of Table 2
shows, these costs would represent a limited skatess than 2% in all
countries— if we consider the total value of mactieed products that each non-
EU country exports to the EU. In this case, pelages for the Row, China and
the US would be, respectively, 1.3%, 1.7% and 0.8P&any country, the cost of
the AE-CBT imposed by the EU would not imply mohan 0.11% of its gross
domestic product (third column of Table'®)

[Table 2 about here]

Table 2. Cost of the CBT applied by the EU for eachon-EU country
considering avoided emissions, 2009

Percentage of the | Percentage of

Non-EU Country’s share value of the gross
Country of AE-CBT’s manufactures domestic
total collection exported by any product of

non-EU to the EU each country

Australia 0.5 [14] 1.1 [8] 0.01 [14]
Brazil 24 [9] 1.7 [4] 0.02 [9]
Canada 0.9 [12] 0.9 [10] 0.01 [10]
China 29.1 [2] 1.7 [3] 0.08 [2]
Indonesia 1.5 [11] 1.9 [1] 0.04 [7]
India 3.9 [5] 1.4 [5] 0.04 [5]
Japan 2.6 [7] 0.6 [14] 0.01 [13]
Korea 2.4 [8] 0.7 [13] 0.04 [6]
Mexico 0.5 [13] 0.8 [11] 0.01 [11]
Russia 29 [6] 1.8 [2] 0.03 [8]
Turkey 49 [4] 1.4 [6] 0.11 [1]
Taiwan 1.6 [10] 1.1 [9] 0.06 [4]
United States| 8.8 [3] 0.8 [12] 0.01 [12]
Rest of World| 38 [1] 1.3 [7] 0.07 [3]

Unit: percentage.
Note: Countries ranking: [1] is the most affectedmoy, [14] is the less affected.
Source: own elaboration.

'® For results based on EE-CBT see Table A.3 fromeMplpx.
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5. Conclusion

Carbon pricing is an essential piece in the figigiast climate change. Although
a significant progress has been made over thedesade, the effort is still

insufficient. Most emissions are still unpriced aapplied prices in different

countries and sectors vary widely. In this contexBCA could be a measure to
offset the competitiveness pressure of imports fiaantries with a smaller or

non-existent carbon price.

There are still no conclusive answers for a prap@A design. The BCA design
should consider not only its technical feasibibtyd data availability, but also the
compatibility with the WTO legal framework and thisk of retaliation from
developing countries.

This paper contributes to the existing literature BRCA design by proposing a
BCA based on avoided emissions in which we take adcount international
price differences. Unlike previous analyses, welyafie BCA based on avoided
emission at a product and not at a sector levekebeer, our proposal includes
that all exports should be exempted from their eeSpe national carbon price. In
that way, the avoided emission system would guaeanhat imported goods
receive the same treatment as domestic productsinen with the WTO
philosophy. The avoided emission system would @lsanore feasible since it
only requires national information about technolagy emissions.

In this paper we simulate two possible CBTs appbgdhe EU: one based on
embodied emissions (EE-CBT) —the most commonlyyeeal in the literature—

and the other on avoided emissions (AE-CBT). Thapmarison of results shows
that an AE-CBT would imply a smaller impact for mo$the countries analysed,
particularly for developing countries such as Chamal India. In that sense, a
system based on avoided emissions may minimizpdhsible retaliation actions.
Additionally, complementary mechanisms can be appto make it clearer that
border adjustments are not measures of protectioaisd they are not aimed at
raising public revenues. Mattoo and Subramaniat3a@pproposed to implement
the BCA on the border of the exporter country aad gien Bergh (2016) to return
the BCA revenue to the affected country.

In terms of analysis by product, two groups of goeduld be most affected:
energy-intensive products —due to their carbon emnt— and electronic
products —due to the large money value traded With EU—. These results
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might suggest limiting the BCA system only to certproducts for instance to
those most exposed to the risk of leakage.

One of the essential elements of the Paris Agreensethat all parties are
required to make their best effort through the alted ‘national determined
contributions’. In other words, countries will déeiindividually not only their
emissions goals but also their mitigation polici€Bus, this agreement does not
include any global carbon pricing. However, thetfecthat carbon pricing is
progressing in many countries. In a world wheredpots are constantly traveling
from one country to another, the international dowation of carbon pricing and
also the problem of competitiveness will be morenpltex. In this scenario, the
BCA based on avoided emissions would guarantee ghaty imported good
would receive a treatment similar to the ‘like’ destic one, regardless the
number of frontiers the product will cross.
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Appendix

Figure A.1.
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Figure A.2. 20 products most affected by CBTon embodied emissions, 20!
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Table A.1. Deflators used to take into account inteational price differences to estimate the EU avadied emissions, 2009

Product AUS BRA  CAN CHN IDN IND JPN  KOR MX RUS TUR TWN us RowW
15 Food products and beverages 1.3 2.1 0.6 0.8 2.3 1.0 0.4 0.6 1.0 2.2 0.9 15 11 1.3
16 Tobacco products 1.0 3.0 0.6 0.7 4.9 3.8 1.8 1.3 0.6 1.3 0.9 1.0 11 2.9
17 Textiles 1.0 17 2.1 3.0 3.7 2.4 0.7 1.8 1.7 29 2.1 2.2 1.2 2.9
18 Wearing apparel 1.0 1.6 0.6 2.2 15 2.1 0.3 2.0 0.9 1.2 1.4 25 1.0 1.9
19 Leather and leather products 35 1.8 1.9 5.3 21 2.2 05 1.3 1.6 2.9 2.4 2.8 2.1 2.1
20 Wood and products of wood andco 1.1 1.0 1.2 1.2 0.8 1.0 0.3 0.4 0.4 1.8 0.8 0.5 0.8 1.3
21 Pulp, paper and paper products 1.0 11 0.9 0.7 0.8 0.8 0.2 0.6 1.0 1.0 1.1 0.4 0.7 0.9
22 Printed matter and recorded media 0.8 0.7 0.6 2.7 3.7 3.2 0.4 2.0 05 1.0 21 1.1 0.8 1.6
23 Coke, refined petroleum products 53 1.4 1.6 0.6 0.9 0.9 0.9 0.9 8.7 11 0.8 1.0 15 1.0
24 Chemicals, chemical products 0.9 3.2 1.2 2.3 7.4 2.2 0.4 2.0 2.1 3.0 2.4 15 0.8 1.4
25 Rubber and plastic products 0.7 1.0 11 1.9 15 1.8 0.6 11 0.9 0.9 1.4 1.2 0.6 1.4
26 Other non-metallic mineral products 0.5 13 15 2.7 21 1.6 0.3 0.5 11 2.7 1.7 15 0.4 2.2
27 Basic metals 0.4 0.9 0.2 14 0.4 1.4 0.5 0.7 1.0 1.1 1.6 11 0.7 0.6
28 Fabricated metal products 0.8 1.6 0.9 2.6 1.9 25 0.8 1.8 1.2 2.5 2.1 2.3 0.5 1.2
29 Machinery and equipment n.e.c. 0.9 1.9 0.7 2.9 2.3 2.4 0.9 1.9 11 2.0 25 2.0 0.8 1.0
30 Office machinery and computers 0.4 0.9 0.6 1.4 3.1 2.4 0.7 0.7 0.7 0.6 1.3 0.9 0.8 0.9
31 Electrical machinery 0.4 2.4 0.4 2.2 2.0 2.4 0.6 1.2 0.8 2.0 2.2 0.9 0.4 1.1
32 Radio, television and comm. eq. 1.4 2.7 0.7 2.9 15 45 15 1.1 0.8 1.7 2.2 1.4 1.3 2.2
33 Medical and optical instruments 0.6 25 1.0 8.4 1.6 3.7 1.0 2.6 1.6 0.4 6.2 3.1 0.8 1.0
34 Motor vehicles, trailers 0.7 1.2 1.0 2.7 1.4 1.6 0.9 15 1.0 1.7 1.2 15 0.9 1.3
35 Other transport equipment 1.7 1.0 1.4 1.8 3.6 25 11 0.3 2.6 5.1 1.4 15 1.3 0.7
36 Furniture; other manufactured good 0.2 13.4 0.6 25 2.4 1.4 0.6 1.6 1.8 1.1 1.8 1.9 1.1 1.7

Non-EU countries: AUS: Australia; BRA: Brazil; CAXCanada; CHN: China; IDN: Indonesia; IND: IndiaNIRapan; KOR: Korea; MEX: Mexico; RUS: Russia; TUR
Turkey; TWN: Taiwan; US: United States; RoW: Refsthe World.

*: The category “tobacco products” has been adjusteng additional more disaggregated data frorCO®MEXT database “EU Trade Since 1988 By SITC'ldwing the
nomenclature correspondence provided by Eurostheinatabase RAMON available at http://ec.eurageLeostat/ramon/relations/index.cfm?TargetUrI=LBEL.
Source: own elaboration from WIOD (2013), Euro§2&15) and Timmer et al. (2015).
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Table A.2. CBT rates on embodied emissions, by pradt and country, 2009
AUS BRA CAN CHN IDN IND JPN KOR MEX RUS TUR TWN US  RoW

15  Food products and beverages 11 11 1.2 11 11 12 11 16 16 2.1 2.1 16 1921
16  Tobacco products 1.0 2.1 2.0 15 4.1 2.2 2.6 2.1 2.6 2.7 2.1 7.4 41 4.1
17 Textiles 1.7 0.9 1.3 1.4 1.3 1.2 1.2 1.9 1.7 1.7 1.7 1.7 1.8 1.8
18 Wearing apparel 1.3 0.7 0.7 0.6 0.6 0.5 0.5 1.9 1.1 1.1 1.6 16 11 1.4
19 Leather and leather products 0.7 0.7 1.4 11 0.8 3.2 1.6 1.4 1.4 3.2 1.7 1.6 5.2 2.3
20 Wood and products of wood and cork 1.6 0.8 0.8 0.8 0.8 0.8 0.7 2.2 1.3 1.6 1.6 1.6 16 1.1
21 Pulp, paper and paper products 0.7 0.6 1.0 1.0 1.2 1.0 0.9 11 1.7 2.2 2.2 2.6 2.6 2.7
22 Printed matter and recorded media 1.1 11 1.0 3.4 2.2 1.2 2.9 3.3 3.1 3.1 5.4 95 45128
23 Coke, refined petroleum products 2.0 1.9 1.1 1.0 1.0 1.0 1.0 103 103 45 4.3 43 3 4 43
24 Chemicals, chemical products 1.0 1.0 1.0 2.0 2.0 2.8 2.8 3.4 3.4 4.1 1.2 1.2 1111
25 Rubber and plastic products 2.1 2.9 3.9 3.9 5.1 5.5 4.2 0.9 2.2 1.3 1.3 2.5 1.4 1.9
26 Other non-metallic mineral products 101 6.4 6.2 4.0 3.3 3.3 3.3 7.4 2.7 2.5 15 09 32 12
27 Basic metals 3.3 3.3 3.3 3.3 0.9 0.9 3.8 1.2 1.2 1.3 15 15 1527
28 Fabricated metal products 3.8 1.8 1.6 2.8 2.8 1.6 2.2 2.7 1.6 15 2.6 2.6 3.4 3.8
29 Machinery and equipment n.e.c. 21 123 67 6.7 15 0.0 1.8 23 123 42 4.2 18 71 17
30 Office machinery and computers 1.8 1.8 1.3 1.3 2.1 3.7 3.7 1.7 1.7 1.7 1.7 1.9 14 1.4
31 Electrical machinery 3.8 3.8 2.3 5.1 5.3 5.3 4.9 15 1.4 1.4 18 13 1123
32 Radio, television and comm. eq. 5.1 45 129 83 7.8 45 3.8 1.9 1.4 4.9 1.9 19 0 1. 07
33 Medical and optical instruments 4.2 3.8 4.0 4.1 45 2.9 0.6 0.7 0.7 0.7 1.1 1.1 0.9 1.3
34 Motor vehicles, trailers 0.6 0.8 0.8 0.7 0.9 0.9 0.9 1.3 1.7 16 15 15 1515
35  Other transport equipment 1.7 1.6 1.1 3.7 1.9 1.9 0.9 35 3.4 8.0 7.1 2.8 2.8 1.9

36 Furniture; other manufactured goods 0.9 0.9 0.9 0.9 0.9 0.9 1.0 1.9 2.0 1.9 2.2 15 1542
Unit: percentage.
Non-EU countries: AUS: Australia; BRA: Brazil; CAKkanada; CHN: China; IDN: Indonesia; IND: IndiaNIBapan; KOR: Korea; MEX: Mexico; RUS: Russia; TURrkey; TWN:
Taiwan; US: United States; RoW: Rest of the World.
Source: own elaboration.
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Table A.3. Cost of the CBT applied by the EU for egh non-EU country
considering embodied emissions, 2009

Percentage of the | Percentage of
Non-EU Country’s share value of the gross
Country of EE-CBT_’S manufactures domestic
total collection exported by any product of
non-EU to the EU each country
Australia 0.3 [14] 1.6 [9] 0.01 [14]
Brazil 0.6 [12] 0.8 [14] 0.01 [13]
Canada 0.7 [11] 1.5 [11] 0.01 [9]
China 29.6 [2] 3.6 [3] 0.16 [1]
Indonesia 0.8 [10] 2.1 [6] 0.04 [8]
India 53 [5] 4 [2] 0.11 [7]
Japan 24  [8] 1.1 [13] 0.01 [12]
Korea 35 [6] 2 [7] 0.12 [5]
Mexico 0.4 [13] 15 [10] 0.01 [11]
Russia 57 [4] 7.2 [1] 0.13 [3]
Turkey 3 [7] 1.7 [8] 0.14 [12]
Taiwan 1.6 [9] 2.3 [5] 0.12 [6]
United States| 7.5  [3] 1.3 [12] 0.01 [10]
Rest of World| 385 [1] 2.6 [4] 0.13 [4]

Unit: percentage.
Note: Countries ranking: [1] is the most affectedmoy, [14] is the less affected.
Source: own elaboration.
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