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Carbon leakage is an issue of major interest in both the academic and pol-

icy debates about the effectiveness of climate policy in the context of global

asymmetries in climate policy coverage. The debate is particularly salient in

Europe, where the EU Emissions Trading System (EU ETS) covers emissions

of many traded sectors. We formulate a model that explains why each sector

should be affected by carbon leakage according to its carbon intensity, more

exactly the relative weight of regulation-induced carbon cost in its production

function. This prediction can be tested empirically using data on trade flows,

sectoral emission intensities and carbon prices. Using trade data for the period

2003-2014 at the 8-digit product-level, we test for the effect of carbon cost on

import intensity. Our paper complements firm-level studies of production re-

location by considering leakage more fully than possible in firm-level analysis.

We do not find evidence in favor of a significant impact of carbon cost on trade

flows and therefore conclude that the EU ETS has not caused carbon leakage

during its first two trading phases.
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1 Introduction

As the international community struggles to find an international solution to global warm-

ing caused by anthropogenic carbon dioxide (CO2) emissions, the EU has implemented

carbon pricing unilaterally by establishing the EU Emissions Trading System (EU ETS).

However, the EU ETS only covers about 4% of global greenhouse gas emissions (Ellerman

et al., 2015). Regulating only a small part of the world’s CO2 emissions might simply move

emissions to parts of the world with no climate regulation without solving the global cli-

mate problem – a phenomenon known as carbon leakage.1 If carbon leakage were sizable,

it would make EU climate policy efforts ineffective and moreover disadvantage European

firms vis-à-vis their international competitors, potentially leading to job loss and economic

downturn. This explains why the leakage question has become a key topic for research

and policy makers. The leakage problem is recognized at the highest levels of EU decision

making. It has been and continues to be the justification for providing compensation to

manufacturing sectors regulated under the EU ETS. Currently this compensation is in the

form of free allocation of emissions allowances. This may or may not have contributed to

avoiding carbon leakage in Europe. Therefore, the question of whether the EU ETS has

caused carbon leakage is of great interest for research and policy.

Carbon leakage can occur through different channels: (i) relocation, when firms shift

their production from EU ETS-regulated sites to foreign countries, (ii) changes in market

shares, when European firms lose their market shares to unregulated foreign competitors

or (iii) indirectly through energy input prices, when falling energy prices due to strict

regulation in Europe cause emission-intensive commodities to become cheaper overall and

thus emissions to increase globally.2 Some authors claim that “inverse” carbon leakage

might occur through technology spill-over effects (di Maria and van der Werf, 2008; Gerlagh

and Kuik, 2014; Schmidt and Heitzig, 2014). All of these channels translate directly

into trade flows: for a given level of consumption of a carbon-intensive product, carbon

leakage leads to a higher share of imports in total consumption. We therefore argue that

a full answer to the question whether the EU ETS has caused carbon leakage requires

an analysis at the sector or product-level. By definition, a firm-level analysis can only

provide a partial answer to the leakage question, as it may only provide evidence on one

1Carbon leakage is usually defined as the ratio of emission increase in the unregulated (rest of the world)
region over the reduction in the regulated (EU) region (e.g. Aichele and Felbermayr, 2015; Antimiani
et al., 2013; Demailly and Quirion, 2006; di Maria and van der Werf, 2008)

2The third leakage channel has been labeled“green paradox” (Harstad, 2012; Jensen et al., 2015).
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aspect of leakage, namely relocation. While relocation is an important aspect of leakage,

even without relocation of production by European firms leakage may occur through an

increase in market shares of competing firms that produce in regions with no climate policy.

Thus, our definition of carbon leakage includes both relocation of production by European

firms and imports from foreign firms. Our approach can be viewed as complementary to

analyzing leakage at the firm-level.

This paper addresses the research question of whether the introduction of the EU

ETS has caused carbon leakage. Even before the establishment of the EU ETS, there

already has been a literature arguing that environmental regulation reduces domestic

firms’ competitiveness and therefore displaces emissions rather than globally reducing

them, usually called “pollution-haven” effect (e.g. Antweiler et al., 2001). Empirical

evidence for such effects was usually scarce (e.g. Tobey, 1990; ?; Jaffe et al., 1995). ? is

an exception to this rule as they find a small but significant impact of emission cost on

US trade with Mexico and Canada over the 1980’s.3

Today, the question remains controversial in the context of the EU ETS from both an

academic and a policy perspective. Ex ante approaches predict carbon leakage, while ex

post analyses typically fail to confirm these predictions. Ex ante studies are usually based

on CGE models; Demailly and Quirion (2006, 2008) examine the impact on individual

sectors (cement, iron, steel) and find positive carbon leakage rates. They show that output-

based allocation avoids leakage, but also eliminates the incentive to abate emissions. The

paper by Felder and Rutherford (1993) shows that even a moderate carbon policy has a

carbon leakage rate of 25%, which passes mostly through oil prices. The official IPPC

report (IPCC, 2007) quotes carbon leakage rates between 5% and 20%. Gerlagh and Kuik

(2014) show that allowing for technology spill-overs may lead to “negative” carbon leakage.

Firm-level empirical ex post studies usually find that the EU ETS had a limited impact

on firm competitiveness and on carbon leakage (Chan et al., 2013; Lacombe, 2008; Sartor,

2013). Martin et al. (2014) use a large survey to learn about relocation risk; given that

optimal compensation (through grandfathering) should equalize marginal relocation risk

across sectors, the current EU ETS rules largely over-allocate many sectors. Dechezlepretre

et al. (2014) use a survey of multinational firms to examine intra-firm shifts of production

location; they find no evidence for carbon leakage within firms.

3Note that the early literature mostly did not use emission cost directly but rather the more indirect
measure of “pollution abatement cost”. This was mainly due to data availability concerns and might
lead to biases as shown by Levinson and Taylor (2008).
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Finally, a strand of literature examines trade flows at the sectoral level. For example,

Sartor (2013) finds that the EU ETS has not led to carbon leakage in the aluminium sector;

Branger et al. (2013) find no leakage in the cement and steel sector. A notable exception

in the empirical literature is Aichele and Felbermayr (2015). Based on a “gravity model

for carbon” they find that the carbon content of trade (at a sectoral level) was significantly

impacted by the country’s ratification of the Kyoto protocol, i.e. that ratifying Kyoto has

led to carbon leakage. It remains however unclear, how through what channel the Kyoto

protocol has induced this effect, given it has not been translated into taxes or emissions

trading systems in most of the signatory states.

We contribute in several important ways to the literature evaluating ex post whether

carbon leakage has occurred in the European manufacturing sector due to the introduc-

tion of the EU ETS. First, we focus on the EU ETS which is a clearly defined policy

intervention, while the Kyoto Protocol had various implementations in different signatory

countries. In particular, the EU ETS generates a clear price for CO2 emissions. Second, by

focusing on European trade with the rest of the world, we are able to use trade data at the

product-level, so that we can exploit cross-sectoral variation more fully than e.g. Aichele

and Felbermayr (2015) are able to do. Third, we consider emissions that went into each

product comprehensively by exploiting data generated by the EU Commission’s carbon

benchmarking, which importantly cover all emissions including process emissions. Fourth,

we complement the effects on relocation evaluated by firm-level studies, e.g. Martin et al.

(2014) or Dechezlepretre et al. (2014), by considering the trade channel more fully, includ-

ing imports by firms from regions with no climate policy. We focus on leakage through the

trade of manufactured goods, leaving out green paradox type general equilibrium effects.

Using a reduced-form expression derived from our model, we estimate the effect of

treatment intensity, as measured by the share of carbon cost in overall product value, on

product-level carbon leakage, proxied by the change of imports over the change in domestic

production. Our preliminary results indicate that that the EU ETS has not caused carbon

leakage in European manufacturing. We therefore conclude that either the current level of

compensation of manufacturing in the EU ETS has been sufficient to avoid carbon leakage

so far, or that the leakage effect of the EU ETS is so small as to be outweighed by barriers

to leakage inherent in monopolistic competition.

In the following, we first present our model and empirical strategy (Section 2), followed

by the data (Section 3) and our results (Section 4). We conclude and outline further
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Figure 1: Textbook illustration

necessary steps in Section 6.

2 Model

In order to better understand the concept of carbon leakage, it is first useful to look at the

most simple textbook illustration of the problem. In a simplistic case consumption C is

constant when carbon cost t increases the good’s (domestic) unit price, because the good

is priced at the constant world price pworld anyways. The only effect of the environmental

policy is an increase in imports from Q to Q′ while the emissions stay constant4. Carbon

leakage defined as the change in foreign emissions over the change in domestic emissions

due to the policy is thus 100%: worldwide emissions have not changed because production

has not been reduced but merely shifter from the regulated to the non-regulated region. In

a more realistic model, substitution between domestic and foreign products is not perfect,

so that overall consumption might not be constant, leading to carbon leakage rates below

1.

2.1 Krugman Trade Model between Two Regions

Underlying our analysis lies a stylized trade model à la Krugman (1980). Following Aichele

and Felbermayr (2015), agents have a CES utility function with sector-specific elasticity

σs.5 We simplify by accounting only for trade between two regions, regulated and unregu-

lated. Prices depend on the country’s domestic prices psi as well as the prices of imported

goods which are the result of foreign prices multiplied by iceberg trade costs τ s > 1.

4Assuming as in the remainder of the paper that carbon efficiency is about constant in different countries.
5See Appendix for whole model
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Consumers spread their consumption over S differentiated goods sectors with constant

expenditure shares µs. All sectors feature monopolistic competition, increasing returns to

scale and free entry. The unit production cost for a firm depends on carbon cost and other

factors normalized to 1. Carbon cost enters with a sector-specific Cobb-Douglas weighting

βs. In the unregulated part of the world, the carbon cost factor ti is 1, i.e. carbon cost is

not affecting production cost.6

Csi = csi (ti, wi) + f (1)

csi (ti, wi) = csi (ti, 1) = (ti)
βs (2)

Solving the model in a standard way, we get import quantities Qsd to domestic country

d from foreign country f :

Qsd = µsω
Ld
P sd
N s
f

(
τ spsf
P sd

)−σs
(3)

where the labor endowment divided by domestic prices Ld/Pd measures the domestic

market capacity and the number of foreign varieties weighted by foreign prices Nfp
−σ
f

measures the foreign country’s supply capacity. The (symmetric) trade cost is τ s.

Let us define the unit CO2 requirement es, which following Shephard’s Lemma will be

es = ∂csd/∂td = βscsd/td. Our main parameter of interest will be the emission cost per unit

relative to overall cost θs = estd/p
s
d = βs(σs − 1)/σs.7

Carbon leakage CL is defined as the change in foreign emissions over the change in

domestic emissions due to carbon cost. From the Krugman model it follows that it is

proportional to the change in the ratio Qd/Yd as well as to the change in θstd. Using

x̂ = dx/x to denote percentage change in each variable, we have:

6While a Cobb-Douglas production function per se is a restrictive assumption, Levinson and Taylor
(2008) shows that this is equivalent to a situation where (a.) firms abate optimally given stringency of
environmental policy and (b.) pollution abatement cost can be measured as a fraction of total factor
use.

7Because psd = csdσ
s/(σs − 1), see Appendix.
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CL =
∂(ef (Qdf +Qff ))/∂td
∂(ed(Qfd +Qdd))/∂td

t̂d (4)

= (β(σ − 1)︸ ︷︷ ︸
direct competitivity effect>0

− κλd
λd

)︸ ︷︷ ︸
elasticity of market share d<0

t̂ (5)

= β(σ − 1)(1 + k)t̂ (6)

= (1 + k′)θt̂ (7)

∝ dQd
dYd

(8)

For an equal increase in carbon cost td, domestic sectors will be hit harder if their

carbon intensity βs is higher as well as if substitution elasticity σs is higher such that

consumers substitute to foreign varieties more easily. Intuitively speaking, if a country

introduces carbon taxes or other measures making carbon emissions costly, this increases

emitting sector’s variable production cost and thus decreases its supply capacity, so that

the share of produced varieties Nd/N̄ = λd and its exports should fall, as its cost cd

increases. As some consumption substitutes away to foreign goods, but not all, it also

increases it’s own price level psd, and thus P sd . Relatively speaking, production which

involves carbon emissions becomes less competitive in the regulated country which is then

reflected by an increase in imports Qsd and a decrease in exports Qsf and production Y s
d , i.e.

carbon leakage CLs, as well as a decrease in domestic market size M s
d (through a wealth

effect).8 The magnitude of this effect depends on : (a) each sector’s carbon intensity which

enters production cost through βs, (b) the sectoral elasticity of substitution σs and (c)

the stringency of the environmental policy, i.e. the magnitude of the change in td.

Ld, τ
s, σs and µs are parameters that are assumed to be exogenous. By looking

only at changes in the import-production ratio, we neutralize any pre-existing scale and

competition effects and concentrate only on the impact of changes in td. We will thus

examine how leakage CL evolves with fluctuating stringency of environmental policy, i.e.

higher and lower carbon cost. We reject the hypothesis of no carbon leakage in case of

a systematic link between the sector-level relative carbon cost and changes in the import

share.

8The environmental policy also affects the domestic consumption in the non-regulated country (Qff ) but
this indirect effect is numerically dominated by the effects on trade flows.
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Our estimated equation is

dQd
dYd

= α+ γθstt̂d + µt + µs + εst (9)

where dQd
dYd

is our proxy for carbon leakage, i.e. the change of imports over the change in

domestic production, θst is the sector-specific importance of CO2 cost which is multiplied

by the percentage change in per-tonne-CO2 cost. µt are year fixed effects accounting for

business cycles and µs are sector fixed effects accounting for the normal level of tech-

nological advance and country sizes. Having controlled for fixed effects, the remaining

variation in import intensity dQd
dYd

only reflects sector-specific changes between the years,

which should be partly explained by θstt̂ if there is carbon leakage. However, if there is

no carbon leakage, θstt̂ should not have any explanatory power.

2.2 Identification

As in any empirical study, some important issues challenge identification. The most impor-

tant here seem to be reverse causality, i.e. whether changes in import intensity determine

CO2 prices, and omitted confounding variables, e.g. energy prices determining both the

left-hand variable and the CO2 price.

The question of reverse causality seems unlikely in this case, because the bulk demand

for CO2 certificates came from the electricity sector, with over 60% of total emissions in

the EUTL in Phase II. None of the manufacturing sectors had emissions big enough to

substantially influence the price of CO2 certificates.

A much more thorny question is the one of omitted common factors that would drive

both CO2 price and imports. At first sight, energy prices would be an obvious candidate,

but because these are mostly determined worldwide, they should impact foreign production

as much as domestic production and should thus not affect our import intensity variable.

Indirectly however, they could increase trade costs and thus make domestic production

more attractive relative to imports (even though there is no reason that this effect is

proportional to emission intensity). As an increase in energy prices generally decreases

CO2 prices, the trade cost effect would thus indirectly bias our estimate of α upwards.

As the central point of our paper is that we do not find any significant effect of α, this

actually strengthens our claim.

Another issue arises if the EU increased energy taxes, this should decrease the demand
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for energy and thus for CO2 certificates, while at the same time making imports more

attractive relative to domestic production. However, there has not been any substantial

EU-wide increase in energy prices in the period we study.

2.3 Assumption: constant technology

In this research, we assume that the emission factors computed by the European Com-

mission are a reasonable proxy for emission intensity within a sector. This assumes away

the importance of sector heterogeneity that could lead to selection, as well as the impact

of directed technical change.

On the second point, the literature largely agrees that the EU ETS has not had tremen-

dous impact on technology change as Rogge (2016) asserts in her literature survey on this

topic. There exist some sector-specific studies, which also do not find a significant impact

of EU ETS on low-carbon innovation, e.g. Rogge et al. (2011) on pulp and paper or Schle-

ich et al. (2010) on cement. Calel and Dechezlepretre (2016) find a significant increase in

low-carbon patents by firms regulated under the EU ETS, but describe its magnitude as

a “quite unremarkable nudge”.

2.4 Alternative specification

We justified the main estimation equation using a Krugman-style monopolistic competition

trade model. Albeit this model is fairly standard in international economics, its functional

form is restrictive and there have been alternative approaches, in particular also in the

literature testing for the trade impact of environmental regulation.

Aichele and Felbermayr (2015) show themselves how the same functional form can also

be derived by using an Armington-style model of national product differentiation rather

than monopolistic competition as in the Krugman-Dixit-Stiglitz model laid out previously;

this model would thus not change our main estimation equation.

The first important paper in this strand of literature is Tobey (1990) who is inspired

by the Ricardian comparative advantage literature. He estimates net exports as a linear

function of country endowments and a qualitative measure of environmental regulation

stringency using ordinary least squares:

Qf,t −Qd,t = α+ γdt + µs + µt + εst (10)
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where dt is a qualitative measure of environmental stringency. We will estimate this

equation using both carbon cost per produced unit estd and carbon cost per unit value

θd as sectoral proxies for this stringency. Tobey includes a list of country-specific factor

endowments, but because we are in a two-country setting these can simply be captured by

year fixed-effects. The treatment parameter then picks up only between-sector variation

linked to carbon leakage.

Similarly, Branger et al. (2013) write down the most simple two-country perfect com-

petition trade model, which yields the result that net imports are a function of CO2 cost

over price. In their estimation they carefully control for auto-correlation of net imports

by using an ARIMA(p,1,q) approach.

Qd,t −Qf,t = αstt−3 + µt + εst (11)

where tt−3 is a three-month lag of carbon price.9 Similarly to Tobey (1990), they

include measures of EU industrial output, EU construction index and BRICS industrial

output that will just be captured by year fixed-effects here. They show with an Augmented

Dickey-Fuller test that all time series are I(1). In order to address this issue, the identify

the ARIMA(p,1,q) process that suits each dependent variable by following the Box and

Jenkins methodology.

Alternatively, one could also normalize each sector’s net imports by the sector’s do-

mestic production. The dependent variable would then be the change in net imports over

the change in domestic production:

ist :=
d(Qd,t −Qf,t)

dYd,t
(12)

= α+ γθstt̂+ µs + µt + εst (13)

Or to normalize even more and be sure to not capture any size effects, we could look

at percentage changes in percentages in order to account for multiplicative effects:

9However, they find their results to be very robust to changes in the lag between 1 and 5 months.
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îst :=
ist

(Qd,t −Qf,t)/Yd,t
(14)

= α+ γθstt̂+ µs + µt + εst (15)

In the empirical section we will estimate all of these specifications, in order to show

that our results are not driven by the choice of the (highly parametric) Krugman model.

3 Data

In order to evaluate the existence of carbon leakage at the sectoral level, we need infor-

mation on international trade flows and on the relative carbon-cost at the sector-level.

Our dataset covers the period 2003-2014 and enables us to evaluate the effect with and

without the EU ETS. Trade data is provided by Eurostat’s Comext database. We use

import, export and production levels at the aggregate EU-27 level. Within-EU trade is

not relevant in our context, as carbon leakage can only occur between the EU and the

rest of the world. Trade data is available at the sectoral PRODCOM, which is relatively

detailed 8-digit definition of products, e.g. it differentiates between paper for newspaper

production, photographic prints and graphic paper. The trade data allow us to define our

proxy for carbon leakage, the change in import intensity dQd
dYd

for each year. Qsd is the EU

import quantity and Y s
f is domestic production at the sector-level each year.

Emission intensities are available at PRODCOM level from the benchmarking estab-

lished by the Commission. It is only available for a subset of 86 sectors, all of which are

process-regulated under the EU ETS. As such, they are not representative of the overall

EU economy, but should be the sectors most affected by the EU ETS. This benchmark

represents for each sector the average of the 10% most carbon-efficient firms. We thus

know the CO2 emissions per unit produced es (in tCO2/unit).

In order to transform emissions per unit to a relative carbon cost, we further need

product price per unit psd and the price of carbon td (in e per tCO2e). Price data for

European carbon permits is readily available from trading platforms such as the ICE.

Carbon cost per unit is thus estd. Relative carbon cost (in e carbon cost per e of product

value) is the key variable that we will call treatment intensity θs and which is defined as

the total CO2 cost per unit es over the product price:
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Table 1: Descriptive Statistics

Obs Mean Std.
Dev.

Min Median Max

Carbon price in eper ton 11 10.38 7.9 0 8.14 26
Carbon price, y-o-y change in percent 10 -

33.0%
33.0% -

98.0%
-
32.0%

15.0%

Tons of emissions per unit es 891 0.44 0.47 0.02 0.32 2.79
Cent of CO2 cost per unit estd 891 0.46 0.7 0 0.26 7.25
Treatment intensity in percent (2005-2014) θs 770 0.5 0.88 0 0.22 11.2
Treatment change θst̂ 713 -0.07 0.25 -3.17 -0.03 1.63
Import share Qd/Yd 751 18.35 49.66 -

32.71
7.02 1207.52

Net import share 751 32.56 168.46 -
225.3

-2.94 1945.24

Change import share dQd/dYd 666 0.86 20.47 -
33.84

0.02 522.22

Source: Eurostat, EU Commission, ICE, authors’ calculations.

Note: treatment intensity only shown for 2005-2014, because it is zero before.

θst =
estd
psd

Descriptive statistics are given in Table 1. For most goods, the relevant unit is the

kilogram. Carbon cost per kg varies between virtually zero and 7 cent. Accounting for the

value of products, we can compute the treatment intensity which varies between zero and

48%. 24 sectors (among 85 in total) have a θ greater than 1.8% which is the cut-off Tobey

(1990) uses to define “carbon-intensive” industries. Import shares are 15% on average

with considerable variation and large fluctuations: 90% of the sample have growth rates

comprised in [-1,1], but some sectors more than double their import share from one year

to the other.

By construction, treatment intensity θs is zero in the years before the EU ETS was

introduced (2003 and 2004). Carbon emissions were free of charge for firms at this time,

so the cost of embedded carbon was zero both in the EU and outside.

4 Results

A raw correlation analysis gives a first idea that the import share’s evolution is not driven

by the relative cost of embedded carbon θs (Table 2). Neither standard Pearson’s cor-

relation coefficient, nor the non-parametric rank-correlation measures Spearman’s ρ and

Kendall’s τ are significantly different from zero. Including the ”non-treated” years 2003-

2004 when the EU ETS was not yet in place has no effect.
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Correlation Spearman’s ρ Kendall’s τ

dQd/dYd with θt̂
Whole period (2004-2014) -0.0659 -0.018 -0.0126

(0.102) (0.656) (0.640)
excluding phase I (2008-2014) -0.0766 -0.0134 -0.0094

(0.195) (0.763) (0.752)
dQd/dYd with θ

Whole period (2004-2014) 0.0473 0.0182 0.0781
(0.223) (0.235) (0.267)

excluding phase I (2008-2014) 0.0646 0.0135 0.0889
(0.145) (0.225) (0.280)

Note: p-values in brackets

Table 2: Raw Correlation with the change in import share dQd/dYd

(1) (2) (3) (4)

Treatment intensity -534.393 -119.486 -107.327 -182.785
(0.162) (0.733) (0.760) (0.668)

Sector fixed effects - Yes Yes Yes
Linear trend - - Yes -
Year fixed effects - - Yes
Obs 615 615 615 615
R2 0.0027 0.0136 0.0035 0.0043

Note: t-statistics in brackets below

Table 3: Estimation results, outcome is the change in import share dQd/dYd

In a second step, we regress the change in import share on a constant, sector fixed

effects and treatment intensity (Table 3, columns (2) - (4)). Again, we do not find any

significant coefficient, which means that treatment intensity does not seem to significantly

drive the trading patterns between EU and non-EU regions. This does not change if we

account for time trends or yearly fixed-effects. Graphically, this is represented on Figure

2.

Based on preliminary results we do not find indications for carbon leakage. In our data,

the cost of embedded carbon varies between 0.1% and almost 50% of the final product

price, so that there is sufficient treatment variation. However, across different measures –

ranging from correlations, over rank-correlations to regressions with sector fixed-effects –

we do not find any statistical link between the evolution of import-intensity and the relative

carbon-cost induced by the EU ETS. This result is not compatible with the hypothesis of

carbon leakage: even if only some sectors suffer carbon leakage while some other sectors

remain unaffected, the average correlation should be positive.
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Figure 2: Growth in import share as a function of treatment intensity

(1) (2) (3) (4) (5)
Outcome Net exports Net exports Branger Net im-

port share
change i

Net import
share elas-
ticity î

Relative CO2 cost 82.471 xx -110.020 935.033
(0.722) xx (0.490) (0.608)

Carbon cost per unit 74.78568
(0.826)

Sector fixed effects Yes Yes Yes Yes
Year fixed effects Yes Yes Yes Yes

Note: t-statistics in brackets below

Table 4: Alternative specifications

5 Robustness

As shown in Table 4, none of the alternative specifications outlined in section show any

significant impact of carbon cost on different measures of trade flows. While our main

specification was chosen in order to be consistent with a Dixit-Stiglitz-Krugman trade

model, other models yield other functional forms. However, the absence of significant

evidence for leakage does not seem driven by this functional form assumptions.
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6 Concluding Remarks and Further Steps

Our analysis concludes that the EU ETS has not induced carbon leakage in the European

manufacturing sector, even though it is predicted by theory and ex ante simulation anal-

yses. This is in line with previous empirical research, as for example Branger et al. (2013)

call the debate about carbon leakage “much ado about nothing”.

The absence of trade effects suggests that barriers against carbon leakage exist which

are not accounted for in the more stylized ex ante models. In particular one could note

the relative importance of tariffs and transportation costs, which are in general higher

than CO2 related costs and contribute to firms’ ability to pass-through additional to the

final consumer without losing significant market share. Additionally more diffuse factors

such as political risk, exchange rate concerns and considerations about the availability of

qualified labor probably limit relocation.

One the one hand, this is good news for the political feasibility of regional carbon

policies such as the EU ETS even in a context of globally asymmetric climate policy. If

they do not hamper domestic competitiveness and economic growth, they are much more

likely to be implemented. On the other hand, this also means that the level of carbon cost

currently imposed by the EU ETS does not seem to translate into higher product cost and

thus does not redirect consumption towards sustainable, low-carbon products.

Further steps involve the consideration of carbon intensity of intermediate inputs,

using input-output tables such as available from OECD10. Details for such a computation

follow Aichele and Felbermayr (2015). Once this straigh-forward but time-consuming data

exercise is completed, we will be able to include more sectors and account for the full cost

of embedded carbon.

10accessible under http://www.oecd.org/sti/ind/input-outputtables.htm

15



References

Aichele R and Felbermayr G (2015) Kyoto and carbon leakage: An empirical analysis

of the carbon content of bilateral trade. Review of Economics and Statistics, 97(1):

104–115.

Antimiani A, Costantini V, Martini C, Salvatici L, and Tommasino M. C (2013) Assessing

alternative solutions to carbon leakage. Energy Economics, 36: 299–311.

Antweiler W, Copeland B. R, and Taylor M. S (2001) Is Free Trade Good for the Envi-

ronment? American Economic Review , 91(4): 877–908.

Branger F, Quirion P, and Chevallier J (2013) Carbon leakage and competitiveness of

cement and steel industries under the EU ETS: much ado about nothing. CIRED

Working Papers, 53-2013.

Calel R and Dechezlepretre A (2016) Environmental Policy and Directed Technological

Change: Evidence from the European Carbon Market. Review of Economics and Statis-

tics, 98(1): 173–191.

Chan H. S. R, Li S, and Zhang F (2013) Firm competitiveness and the European Union

emissions trading scheme. Energy Policy , 63: 1056–1064.

Dechezlepretre A, Gennaioli C, Martin R, and Muuls M (2014) Searching for carbon leaks

in multinational companies. report, Grantham Research Institute on Climate Change

and the Environment.

Demailly D and Quirion P (2006) CO2 abatement, competitiveness and leakage in the

European cement industry under the EU ETS: grandfathering versus output-based al-

location. Climate Policy , 6(1): 93–113.

(2008) European Emission Trading Scheme and competitiveness: A case study

on the iron and steel industry. Energy Economics, 30(4): 2009–2027.

Ellerman A. D, Marcantonini C, and Zaklan A (2015) The European Union Emissions

Trading System: Ten Years and Counting. Review of Environmental Economics and

Policy : rev014.

16



Felder S and Rutherford T. F (1993) Unilateral CO2 reductions and carbon leakage: the

consequences of international trade in oil and basic materials. Journal of Environmental

Economics and Management , 25(2): 162–176.

Gerlagh R and Kuik O (2014) Spill or leak? Carbon leakage with international technology

spillovers: A CGE analysis. Energy Economics, 45: 381–388.

Harstad B (2012) Buy coal! A case for supply-side environmental policy. Journal of

Political Economy , 120(1): 77–115.

IPCC (2007) Fourth Assessment Report (AR4). report.

Jaffe A. B, Peterson S. R, Portney P. R, and Stavins R. N (1995) Environmental Regulation

and the Competitiveness of U.S. Manufacturing: What Does the Evidence Tell Us?

Journal of Economic Literature, 33(1): 132–163.

Jensen S, Mohlin K, Pittel K, and Sterner T (2015) An introduction to the Green Paradox:

The unintended consequences of climate policies. Review of Environmental Economics

and Policy , 9(2): 246–265.

Krugman P (1980) Scale Economies, Product Differentiation, and the Pattern of Trade.

American Economic Review , 70(5): 950–959.

Lacombe R. H (2008) Economic impact of the European Union Emission Trading Scheme:

evidence from the refining sector. Thesis.

Levinson A and Taylor M. S (2008) Unmasking the pollution haven

effect. International Economic Review , 49(1): 223–254, URL:

http://dx.doi.org/10.1111/j.1468-2354.2008.00478.x.

di Maria C and van der Werf E (2008) Carbon leakage revisited: unilateral climate policy

with directed technical change. Environmental and Resource Economics, 39(2): 55–74.

Martin R, Muuls M, de Preux L. B, and Wagner U (2014) Industry Compensation under

Relocation Risk: A Firm-Level Analysis of the EU Emissions Trading Scheme. Ameri-

can Economic Review , 104(8): 2482–2508.

Rogge K (2016) Reviewing the evidence on the innovation impact of the EU Emission

Trading System.

17



Rogge K. S, Schleich J, Haussmann P, Roser A, and Reitze F (2011) The role of the

regulatory framework for innovation activities: the EU ETS and the German paper

industry. International Journal of Technology, Policy and Management , 11(3-4): 250–

273.

Sartor O (2013) Carbon Leakage in the Primary Aluminium Sector: What evidence after

6.5 years of the EU ETS? USAEE Working Paper , 13(106).

Schleich J, Rogge K, Borkel F, Haussmann P, and Reichardt K (2010) Wirkungen neuer

klimapolitischer Instrumente auf Innovationstätigkeiten und Marktchancen baden-würt-
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Appendix: Krugman Model

(omitting sectoral indices)

.1 Consumers

Utility:

Ui = H1−ω
i Mω

i , with Mi =
S∏
s=1

(M s
i )µ

s
,M s

i =

 K∑
j=1

N s
j (qsij)

σs−1
σs

 σs

σs−1

(16)

Defining:

• σs > 1 sectoral elasticity of substitution

• µs expenditure share of sector s with
∑
µs = 1

• N s
j number of symmetric varieties produced in country j (endogenous)

• τ sij ≥ 1 iceberg trading cost

Dual price indexes:

Πi =
S∏
s=1

(P si )µ
s

(17)

P si =

 K∑
j=1

N s
j (psij)

1−σs

1/(1−σs)

(18)

psij = τ sijp
s
j (19)

.2 Firms

• Normalize wage (and all other cost factors) wi = 1

• minimum unit cost function csi (ti, wi) has “usual” properties: homogeneous of degree

1, increasing, strictly convex in all arguments.

• ti ≥ 1 are ad valorem carbon tax; no tax: ti = 1

• positive markup justified by fixed entry costs
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Csi = csi (ti, 1)ysi + fs (20)

πsi = (psi − csi (·))ysi − f s(= 0) (21)

assume
∂P si
∂psj

= 0 (22)

then
∂y

∂p
= −σyi

pi
(23)

∂πsi
∂psi

!
= 0 � psi = csi

σs

σs − 1
(constant markup) (24)

ȳsi = (σs − 1)fs/csi (25)

.3 Trade flows

(omitting sectoral indices)

Qmx = µω

(
σ − 1

σ

)σ
Nx

Lm
Pm

(
τmxpx
Pm

)−σ
(26)

• Qmx imports form country x to country m

• Lm/Pm describes m’s market capacity

• τmxpx
Pm

describes the product’s inverse competitivity

• N s
x( τmxpxPm

)−σ describes x’s supply capacity

Total production of variety i: zero profit for firms and demand from all countries

ȳi = (σs − 1)fs/csi = µω
K∑
m=1

Lm
Pm

(
τmipi
Pm

)−σ
(27)

.4 Carbon

Shepard’s Lemma: demand for input factor=derivative of unit cost function
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assume Cobb-Douglas: csi = tβ
s

esi =
∂csi
∂ti

(28)

= βscsi/ti = βstβ
s−1
i (29)

psi =
σ

σ − 1
csi (30)

=
σ

σ − 1
tβi (31)

θst =
estd
psd

=
βσ

σ − 1
(32)

κe,m =
∂esi
∂ti

/
esi
ti

(33)

= βs − 1 (34)

κe,x = 0 (35)

reformulate market-clearing condition (27) using Cobb-Douglas and expression for ei

(first is Aichele, second is Helene):

σf

µωt
β(1−σ)
i

=

K∑
m=1

φmiLm∑K
k=1 φmkNk(tk)β(1−σ)

(36)

=

K∑
m=1

τ−σmi Lm∑K
k=1 φmkNk(tk)β(1−σ)

(37)

Defining

• φij = τ1−σ
ij

• Φ KxK matrix of φij , diagonal is 1

• ϕij is i-jth entry of Φ−1 – country’s inverse centrality to trading partner j

• ϕj =
∑K

k=1 ϕjk(tk)
β(σ−1) – cost-weighted measure of country’s inverse centrality to

all trading partners

gives us optimal number of varieties in country i:

N∗i =
µω

σf
(ti)

β(σ−1)
K∑
j=1

ϕijLj
ϕj

(38)
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total number of varieties is endogenous but fixed:

N̄ =
µωL

σf
(39)

look at share λi of total number of varieties rather than Ni (and share of total labor

endowment θi = Li/L):

λi =
Ni

N̄
(40)

= (ti)
β(σ−1)

K∑
j=1

ϕijθj
ϕj

(41)

re-express traded quantities in 26 using 30 & 41

Qmx =

(
σ − 1

σ

)σ+1

µωLmτ
−σ
mx t

−σβ
x

∑
j

φmj(tj)
β(1−σ) λj

λx

−1

(42)

.5 Two countries

• symmetric trading cost φ

• country d has CO2 tax (td > 1) and country f does not (tf = 1)

Φ =

1 φ

φ 1

 (43)

Φ−1 =
1

1− φ2

 1 −φ

−φ 1

 (44)

Imports d= exports f Qd:

Qdf =

(
σ − 1

σ

)σ+1

(1− φ2)µωLdφ
( σ
σ−1

)

(
(td)

β(1−σ)λf
λd
− φ

)−1

(45)

Imports f= exports d Qf :

Qfd =

(
σ − 1

σ

)σ+1

(1− φ2)µωLfφ
( σ
σ−1

)t−σβd

(
λf
λd
− φ(td)

β(1−σ)

)−1

(46)
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Domestically consumed production in d:

Qdd =

(
σ − 1

σ

)σ+1

(1− φ2)µωLdt
−σβ
d

(
(td)

β(1−σ) − φ
λf
λd

)−1

(47)

(48)

Domestically consumed production in f:

Qff =

(
σ − 1

σ

)σ+1

(1− φ2)µωLf

(
1− φ(td)

β(1−σ)λf
λd

)−1

(49)

(50)

Number of varieties:

N̄ =
µωL

σf
(51)

ϕd = ϕdd(td)
β(σ−1) + ϕdf (52)

=
(td)

β(σ−1) − φ
1− φ2

(53)

ϕf = ϕfd + ϕff (td)
β(σ−1) (54)

=
1− φ(td)

β(σ−1)

1− φ2
(55)

λd = (td)
β(σ−1) (ϕddθd/ϕd + ϕdfθf/ϕf ) (56)

= (td)
β(σ−1)

(
θd

(td)β(σ−1) − φ
− φ(1− θd)

1− φ(td)β(σ−1)

)
(57)

= (td)
β(σ−1)

(
θd + φ2θf − φ(td)

β(σ−1)

((td)β(σ−1) − φ)(1− φ(td)β(σ−1))

)
(58)

λf =

(
θf

1− φ(td)β(σ−1)
− φθd

(td)β(σ−1) − φ

)
(59)

=

(
(td)

β(σ−1)(φ2θd + 1− θd)− φ
((td)β(σ−1) − φ)(1− φ(td)β(σ−1))

)
(60)

= 1− λd (61)

λf
λd

=
1− λd
λd

=
1

λd
− 1 (62)

(63)
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Total domestic production (over all varieties):

Yd = Ndȳd (64)

= λdN̄(σ − 1)ft−βd (65)

= λd
µωL

σ
(σ − 1)t−βd (66)

=

(
θd

(td)β(σ−1) − φ
−

φθf

1− φ(td)β(σ−1)

)
µωL

σ
(σ − 1)t

(−βσ)
d (67)

= OR

(
θd

(td)β(σ−1) − φ
−

φθf

1− φ(td)β(σ−1)

)
µωL

σ
(σ − 1)t

β(σ−2)
d (68)

= Qdd +Qfd (69)

Yd = Nf ȳf (70)

= λf N̄(σ − 1)f (71)

= Qff +Qdf (72)

(73)
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.6 Derivatives

∂esi
∂ti

= β(β − 1)tβ−2
i (74)

κe,m =
∂esi
∂ti

/
esi
ti

(75)

= βs − 1 (76)

κe,x = 0 (77)

∂λf
∂td

=
ϕ′dφθd
ϕ2
d

−
ϕ′fθf

ϕ2
f

(78)

= φβ(σ − 1)t
β(σ−1)−1
d

(
θd
ϕ2
d

+
θf
ϕ2
f

)
(79)

> 0 (80)

∂λd
∂td

= −
∂λf
∂td

(81)

< 0 (82)

∂(λf/λd)

∂td
> 0 (83)

∂Qfd
∂td

=
Qfd
td

−σβ +
φβ(1− σ)(td)

β(1−σ) − td
∂(λf/λd)

∂td
λf
λd
− φ(td)β(1−σ)

 (84)

∂Qdd
∂td

=
Qdd
td

−σβ +
β(σ − 1)t

β(1−σ)
d + φtd

∂(λf/λd)
∂td

(td)β(1−σ) − φλfλd

 (85)

∂Qdf
∂td

=
Qdf
td
t
β(1−σ)
d

β(σ − 1)
λf
λd
− td

∂(λf/λd)
∂td

(td)β(1−σ) λf
λd
− φ

 (86)

∂Qff
∂td

=
Qff
td

t
β(1−σ)
d φ

β(1− σ)− td
∂(λf/λd)

∂td

1− φtβ(1−σ)
d

λf
λd

 (87)

∂Yd
∂td

=
Yd
td

 −σβ︸︷︷︸
direct competitive effect

+
∂λd
∂td

td
λd︸ ︷︷ ︸

elasticity of number of varieties,κλd<0

 (88)

∂Yf
∂td

=
Yf
td

∂λf
∂td

td
λf︸ ︷︷ ︸

elasticity of number of varieties,κλf>0

(89)

(90)
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carbon leakage and elasticities, defining x̂ = ∂x/x:

TRs =
ef (Qdf +Qff )

ed(Qfd +Qdd)
(91)

∝
Qdf

Qfd +Qdd
=
Qdf
Yd

(92)

CL =
∂(ef (Qdf +Qff ))/∂td
∂(ed(Qfd +Qdd))/∂td

t̂d (93)

log(TR) = log(ef ) + log(Yf )− log(ed)− log(Yd) (94)

u log(T̄R) +
∂T̄R/∂td
T̄R

(td − t̄d) (95)

T̂R = CL =
∂ef/∂td
ef︸ ︷︷ ︸
=0

t̂d −
∂ed/∂td
ed︸ ︷︷ ︸

=β>0

t̂d

︸ ︷︷ ︸
technique effect

+
∂Yf/∂td
Yf︸ ︷︷ ︸

κYf>0

t̂d −
∂Yd/∂td
Yd︸ ︷︷ ︸

κYd<0

t̂d

︸ ︷︷ ︸
scale effect

(96)

κλf = φβ(σ − 1)t
β(σ−1)−1
d

θdϕ
2
f + θfϕ

2
d

(θdϕf − φθfϕd)ϕfϕd
(97)

κλd = −
∂λf
∂td

td
λd

(98)

= φβ(1− σ)
θdϕ

2
f + θfϕ

2
d

(θdϕf − φθfϕd)ϕfϕd
(99)

κλf = −κλd
λd

1− λd
(100)

κYd = −σβ + κλd (101)

κYf = κλf (102)

= −κλd
λd

1− λd
(103)

κYf − κYd = κλf + σβ − κλd (104)

= σβ − κλd
λd︸︷︷︸
<0

(105)

κλd
λd

= φβ(1− σ)t
β(1−σ)
d

θdϕ
2
f + θfϕ

2
d

(θdϕf − φθfϕd)2
(106)

CL = β(σ − 1)(1 + k)t̂ (107)

with k := φ
θdϕ

2
f + θfϕ

2
d

(θdϕf − φθfϕd)2
(108)

= (1 + k′)t̂θ (109)
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Estimation equation:

dQdf,t/dYd,t = α+ γθt̂d,t + µs + µt + εst (110)
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