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A  global  uniform  carbon  price  would  be economically  efficient  and  at the  same  time  avoid  ‘carbon-
leakage’.  Still,  it will  affect  the  competitiveness  of specific  industries,  economic  activity  and  employment
across  countries.  This  paper  assesses  short-term  economic  shocks  following  the  introduction  of  a  global
carbon  price  that would  be in  line  with  the  Paris  Agreement.  Based  on  the  World  Input-Output  Database
(WIOD),  we  trace  the  carbon  content  of  final  output  through  global  supply  chains.  This  allows  us  to
estimate  how  prices  of  the  final  output  would  react  to the introduction  of  a global  carbon  price.  We
find  that  impacts  on  industrial  competitiveness  are  highly  heterogeneous  across  regions  and  economic
sectors.  The  competitive  position  of  Brazil,  Japan,  the USA  and advanced  economies  of the  EU  is likely
to  improve,  whereas  industries  and  labor  markets  in  newly  industrializing  Asian  economies  as well  as
Eastern  Europe  are  likely  to  experience  substantial  adverse  impacts.

© 2019  The  Authors.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY-NC-SA
license  (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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. Introduction

Achieving the climate targets of the Paris Agreement (UNFCCC,
015) requires substantial reductions in global greenhouse gas
GHG) emissions. Under the current global climate governance
rchitecture, members of the Paris Agreement pledged volun-
ary unilateral climate targets and mitigation policies as specified
n their Nationally Determined Contributions (NDCs). However,
he implementation of ambitious unilateral climate policies by
rst movers often faces resistance due to concerns about ‘car-
on leakage’, i.e. the fear that energy-intensive, trade-exposed
EITE) industries could relocate to countries with laxer climate poli-
ies or less efficient production technologies. Countries adopting

mbitious climate policies might then run the risk of incurring sub-
tantial costs to reduce their emissions while at least some of the
mission reductions achieved are simply transferred elsewhere.

� Publication of this supplement was supported by ETH Zürich, the University of
ünster and Economics for Energy.
∗ Corresponding author at: Institute of Environmental Sciences (CML), Depart-
ent of Industrial Ecology, Leiden University, P.O. Box 95182300 RA, Leiden, the
etherlands.

E-mail address: h.ward@cml.leidenuniv.nl (H. Ward).

ttps://doi.org/10.1016/j.eneco.2019.104549
140-9883/© 2019 The Authors. Published by Elsevier B.V. This is an open access article un
Economists have for a long time advocated a uniform global
price on GHG emissions (Cramton et al., 2017; Edenhofer et al.,
2015; High-Level Commission on Carbon Prices., 2017; Weitzman,
2014). This would be the most cost-efficient policy instrument,
guaranteeing that abatement takes place for activities for which
emissions can be reduced in the least-cost manner. Moreover, a
global carbon price would prevent carbon leakage, as no coun-
try would benefit from an artificial comparative advantage arising
from the lack of climate policy. Yet, it poses a higher cost burden
on more carbon-intensive producers (Fullerton and Muehlegger,
2019). Hence, a uniform global carbon price could have important
consequences for industrial competitiveness, national gross value
added and employment. While the academic literature has exten-
sively examined the effect of unilateral climate measures on carbon

leakage and competitiveness1, there is, to our knowledge, only very
limited understanding of the implications of global climate policy.

1 See Böhringer et al., 2012; Branger and Quirion, 2014; Carbone and Rivers, 2017;
Dechezleprêtre and Sato, 2017; Jakob et al., 2014; Forin et al., 2018; Kim and Kim,
2012; Saygin et al., 2011; Voigt et al., 2014.

der the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).

https://doi.org/10.1016/j.eneco.2019.104549
http://www.sciencedirect.com/science/journal/01409883
http://www.elsevier.com/locate/eneeco
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eneco.2019.104549&domain=pdf
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
mailto:h.ward@cml.leidenuniv.nl
https://doi.org/10.1016/j.eneco.2019.104549
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/
http://creativecommons.org/licenses/by-nc-sa/3.0/


2  / Ene

s
p
(
(
C
s
c
t
c
t
i

r
v
b
O
a
t
e
t
c
s
s
b
c
E
s
h

m
p

2

m
b
o
w
h
i
e
d
l
t
a
t

2

e
C
4
t
e
a
C
a
T

 H. Ward, J.C. Steckel and M. Jakob

This paper aims to fill this gap by providing insights into the
hort-term competitiveness impacts induced by a global carbon
rice. Our analysis is based on the World Input-Output Database
WIOD) (Timmer et al., 2015), a multi-regional Input-Output
MRIO) database. We  use this data to derive the ‘Normalized Net
arbon Content’ (NNCC) of all global supply chains, i.e. the emis-
ions generated per USD of output from a given sector in a given
ountry over the entire supply chain. This information can be used
o determine the price increase that would result from a global
arbon price in each sector and country. Thus it can help to iden-
ify sectors and countries facing the most severe risks of adverse
mpacts on competitiveness, value added and employment.

Vulnerable industries are those that display both a significant
elative price increase and a high contribution to the national
alue added within the corresponding economy. These sectors can
e expected to lose market share, profitability and employment.
ur results indicate that a uniform global carbon price would,
t least in the short term, improve the competitiveness of coun-
ries with low-carbon energy systems (e.g. Brazil or France) and
fficient production technologies (particularly industrialized coun-
ries). By contrast, developing or transitioning economies with
arbon-intensive energy systems, such as China, India and Rus-
ia, can be expected to experience substantial price increases in
ome energy-intensive industries. Overall, a globally uniform car-
on pricing policy would probably make Western industries more
ompetitive, although negative initial impacts can be expected for
astern European and fast-growing Asian countries2 . The most
evere impacts would probably affect low-skilled workers and
ence probably the poorest segments of societies.

This paper proceeds as follows. Section 2 introduces the data and
ethodology. Section 3 presents the results. Section 4 discusses

olicy implications and concludes.

. Data and methods

Our analyses are built on an innovative way to estimate the Nor-
alized Net Carbon Content (NNCC) of global supply chains. We

uild our analyses on multi-regional input output modeling based
n the World Input Output Database (WIOD). In this section we
ill first describe the data we use. Afterwards, we will describe
ow we calculate the NNCC. Based on the NNCC, we  estimate the

mplications of implementing a global carbon price on countries’
conomic performance and labor market. Finally, we will critically
iscuss the methodological approach taken in this paper. The fol-

owing sub-sections describe the underlying data, the methodology
o estimate the carbon content of trade and how it can be used to
ssess the competitiveness impacts of a global carbon price. We
hen discuss the limitations of our approach.

.1. Data

We  use the World Input-Output Database (WIOD) (Timmer
t al., 2015) and the corresponding ‘satellite data’ on energy-related
O2 emissions for each sector in each region3 . The dataset reflects
1 regions and 35 sectors. WIOD includes the EU27 (which is
he current European Union without Croatia), as well as major
conomies (including Australia, Canada, Japan, Mexico, South Korea

nd United States), and newly industrialized economies (Brazil,
hina, Indonesia, India, Russia, Taiwan and Turkey). These regions
ccount for approximately 85% of world GDP (Timmer et al., 2015).
he remainder is included in a residual region, referred to as the

2 For a spatial distribution, see Fig. A3 in the Supplementary information
3 We do not consider emissions from land use and land use change.
rgy Economics 84 (2019) 104549

‘Rest of the World’ (ROW).4 We use the year 2009, as it consti-
tutes the most recent release that includes emissions data. This high
regional and sectoral resolution enables a detailed understanding
of the carbon content of global supply chains.

2.2. Estimating the normalized net carbon content

We  apply a modified supply-side footprint analysis to identify
the carbon content of global supply chains. In the MRIO data, out-
put from a certain sector in one region employed as an input for
production in a different sector and/or country is described by
the inter-industry flow matrix Z ∈ R(m∗n)×(m∗n), with m being the
number of sectors and n being the number of regions. Final con-
sumption, by sector and country, of all countries is denoted by the
final demand matrix Y ∈ R(m∗n)×n. The elements of Z are given
by Zr′,s′

r,s , which denotes all monetary flows from region r, sector s

to region r’, sector s’ Correspondingly, Y consists of elements Yr′
r,s,

which represent the aggregated monetary flow from region r, sector
s into the final demand of region r′.

In order to assess the carbon content of final consumption, we
need to derive the Leontief inverse L, which specifies the inputs
used to generate a unit of final output over the entire supply chain
(Miller and Blair, 2009). For this reason, we divide the elements of

Z by the corresponding total sectoral output Or,s =
∑

r′

∑

s′
Zr′s′

rs +
∑

r′
Yr′

r,s. The technology matrix that reflects all necessary direct

inputs to produce one unit of output in each sector is denoted by
A. The Leontief inverse is then calculated as L = (I  − A)−1, where I
denotes the unity matrix. To relate monetary inputs from different
sectors to CO2 emissions, we use data on emission Fs

r by sector s
in region r, which we divide by sectoral outputs O to arrive at CO2
emissions per USD.

The total CO2 emissions f̂ s
r associated with one unit of sec-

tor s in region r for final consumption can then be expressed

as f̂ s
r =

∑

r′

∑

s′
f s

′

r′ Lr,s

r′ ,s′ . We  call the emissions associated with the

entire global supply chain of a unit of final output the ‘Normalized
Net Carbon Content’ (NNCC). NNCC allows the comparison of asso-
ciated carbon per unit of output, and related price increases within
sectors and across countries. This approach yields a substantially
higher resolution than a conventional carbon footprint analysis,
where two vectors are multiplied (i.e., (f · L) · Y), hence omitting
important sectoral, as well as regional, details.

2.3. Assessing impacts on competitiveness and employment

Our analysis assumes that a globally uniform carbon price is
implemented and that the associated price increases for manu-
factured goods are fully passed through to consumers (Kenkel,
2005), regardless of whether the carbon price is applied at the
point of extraction, production or consumption (Karstensen and
Peters, 2018). This is in line with the observation that in the short
term, price increases resulting from fuel taxes are mainly borne by
consumers (Chouinard and Perloff, 2004; Marion and Muehlegger,

2011). We assume perfect substitutability of economic output from
a given sector across countries, i.e. that all final output of a given
sector is produced for the global market. The short-term impact on
industrial competitiveness is then determined by the price increase
and the associated demand-side reaction within each economic

4 See the Supplementary information for a sectoral overview.
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Fig. 1. Short-term price increases across countries from a global USD 50 carbon
price by economic sector. Boxes represent 25th to 75th percentiles, black center
lines refer to medians, whiskers in each direction correspond to the 10th percentile
(lower bound) and the 90th percentile (upper bound). An outlier for Coke, Refined

12
H. Ward, J.C. Steckel and M. Jakob

ector5 . Our analysis considers that changes in the demand of final
oods will have repercussions for all sectors forming part of their
lobal supply chain. If a global carbon price p is implemented and
assed on to the consumer, final goods from sector s in region r

ill see a price increase of �pr
s = p · f̂

s

r per USD. For our analysis,
e assume a global carbon price of USD 50 per tCO2, which would

e roughly in line with the 2 ◦C target (High-Level Commission on
arbon Prices., 2017).

We  assume that all final output is exported to the global market,
rom which it may  be consumed either in the region where it was
roduced, as domestic consumption, or in a different region. We
mploy a price elasticity of export values of ı = −2.84 from Solleder
2013)6 to assess changes in final output resulting from these price
hanges by sector and country. We  use this parameter to project
hanges in final output as a function of price changes relative to
he global average. That is, we assume that sectors in regions that
re subject to a price increase that is higher (lower) than the global
verage, experience a loss (gain) in market share. Using the above
lasticity to modify each entry of the final consumption matrix Y
ives us the matrix Y∗. The elements of this matrix are calculated as
∗r′
r, s = yr′

r, s · (1 + �pr
s − �p̄s)

ı, with �p̄s being the global mean price
hange for sector s. Y∗ can then be used to calculate all sectoral
utputs with a global carbon price, O∗ = LY∗.

The matrix Z can also be used to determine payments for pro-
uction factors, such as wages and returns to stakeholders, as the
ifference between outputs from one sector and this sector’s inputs
rom other economic sectors. The inputs of sector s of country r

re calculated as Ir,s =
∑

r′

∑

s′
Zr,s

r′,s′ . Hence the corresponding value

dded (VAD) can be calculated as VADr,s = Or,s − Ir,s. The VAD per
nit of output is then given by vadr,s = VADr,s/Or,s.

Multiplying the newly derived elements of O∗ with the corre-
ponding elements vad allows us to project changes in regional and
ectoral value added.

Finally, WIOD also accounts for sectoral labor use LU (in hours for
hree different levels of qualification, low-, medium-, and highly-
killed). We  calculate the sectoral labor intensity LIq

r,s in sector s,
egion r of qualification q per unit of output as LIq

r,s = LUq
r,s/Or,s.

n this basis we can project how changes in final output relate
o changes in labor demand for each sector s and region LUq∗

r,s =
Iq
r,s · O∗

r,s. The sum of all sectoral changes in each region gives a
ough indication of impacts on regional labor markets.

.4. Discussion of the methodology

Although the analysis allows the identification of the initial
mpacts of a global carbon price at a relatively high level of sectoral
etail, it faces a number of limitations.

First, sectoral resolution is restricted by the availability of
nderlying data. Although there are datasets with higher regional
esolution (Aguiar et al., 2016; Lenzen et al., 2013), we decided
o use WIOD, as it accounts for the largest and most advanced
ountries with high quality national accounting. This is an asset

Steen-Olsen et al., 2015).

Second, using monetary input-output (IO) data implicitly
ssumes homogeneity of products across regions. This assumption

5 Given this assumption, we use a price elasticity of export values to simulate the
hort-term impact of price changes in final demand. Our analysis assumes that all
ommodities produced in a given sector are subject to the same elasticity (however,
he  composition of commodities produced in each sector does need not be identical
cross countries).
6 The elasticity refers to changes in trade value caused by an export tax. The ı-

alue is close to the numbers observed by Head and Mayer (2014), who, in a meta-
nalysis, find a median price elasticity for trade gravity equations of -3.19.
Petroleum and Nuclear fuels has been excluded from the plot . The boxplots indi-
cate the heterogeneity in carbon content of global supply chains of final demand
goods ending in the respective regional sector.

can be questioned (for further details see e.g. Alexeeva-Talebi et al.
(2012); Steen-Olsen et al. (2015) and Ward et al. (2017)). Consider-
ing differences in products across sectors and regions would add
additional detail to our approach. In the same vein, using more
heterogenic elasticities across sectors could help refine results.
However, given that products in a certain sector are similar across
countries, it seems unlikely that this extension would overturn the
main insights of our analysis.

Third, this paper aims to identify the short-term implications of
price shocks. This type of analysis is highly relevant in assessing the
political economic implications of different policies (Fullerton and
Muehlegger, 2019), but does not appropriately capture dynamic
adjustment effects in the long run. Long-term effects, such as
changes in global supply chains, substitution of carbon-intensive
inputs, or inducing technological change, could be assessed with
computable general equilibrium (CGE) models (see e.g. Carbone
and Rivers (2017) and Mattoo et al. (2009)). However, CGE mod-
els are unable to appropriately capture short-term effects and the
(potentially costly) adaptation processes from one state of equilib-
rium to another (Fullerton and Muehlegger, 2019). Our approach,
by contrast, considers global supply chains and international con-
nections at a higher level of detail than a CGE7, thus providing
important complementary information.

3. Results
This section first assesses short-term price increases that would
occur, by economic sector and region, in response to the introduc-
tion of a global carbon price. We then use this information to assess

12 This outlier is Estonia with a 53% projected price increase. It is likely to be caused
by  the comparatively large importance of Estonian shale oil production (IEA, 2009),
see  Table A1 in the SI for further detail.

7 Typically nested production functions, which are used for CGE modelling have
a  structural deepness ≤5 (Aguiar et al., 2016; Gerlagh and Kuik, 2014; Koesler and
Pothen, 2013; Koesler and Schymura, 2015). Frequently, the embedded carbon con-
tent, which we are interested in, depends on one fossil fuel nest. Hence, a CGE based
analysis does not reflect the level of detail that is considered in our analysis.
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about 2%, which is below the global average price increase for this
sector. Hence, we  would expect a global carbon price to generate an
increase in Turkey’s global market share in Textiles, but a decline
ig. 2. Projected price increases due to a carbon price of USD 50 per tCO2 vs. the sh
rice  increase across the countries considered and the average regional VAD share.

ncreases and regional value added for all sectors are given in Table A1 and Table A

otential impacts on economic output, value added and employ-
ent.

.1. Impacts on industries

Fig. 1 assesses the short-term effect of a global carbon price
f USD 50 per tCO2 on the prices of final output across sectors.
or any given economic sector, there is a substantial variation in
erms of NNCC for final output, which can be attributed to dif-
erences in production technologies and energy systems within
upply chains. This variation results in substantial differences in
rice changes of final output across countries for any given eco-
omic sector. In some countries, price increases for metals would be
ore than 20%, and more than 15% for chemicals, plastic, and (fossil

nd nuclear) fuels. The highest levels of heterogeneity across coun-
ries are identified for Coke, Refined Petroleum and Nuclear Fuel as
ell as Other Non-Metallic Minerals (refer to Table A1 in the Sup-
lementary information for further details). The lowest (average)
rice increases are projected for Textiles and Textile Products, Man-
facturing nec8, Electrical and Optical Equipment, and Transport
quipment and Machinery nec. From a regional perspective, the
ighest price increases are projected in newly industrializing Asian
conomies, such as China, Indonesia and India. Other East Asian
conomies (such as Korea and Taiwan) as well as Eastern European
tates (such as Russia or Bulgaria) also display carbon-intensive
upply and production chains. A carbon price would result in com-
aratively large increases in the prices of the final output of these

egions. In contrast, economies with the least carbon-intensive sup-
ly and production chains (several EU members as well as Brazil)
ould see only modest price increases.

8 nec= not elsewhere classified
 a given sector in the region’s total value added. The dotted lines show the average
egions with a VAD share greater than the global mean are plotted. Values for price
e SI, respectively.

For three of the four most carbon-intensive sectors (Fuel, Other
Non-Metallic-Minerals, Chemicals and Basic Metals) and the major-
ity of the other sectors, value added is positively correlated with
carbon-intensity (see Table A10 in the SI). This observation suggests
that countries with more carbon-intensive production patterns
would be over-proportionally affected by a global carbon price.
Such a policy would place the highest burden on the most important
economic sectors.

Figs. 2 and 3 relate price increases that would result from a global
price of 50 USD per tCO2 in a certain sector to that sector’s eco-
nomic importance. In Fig. 2 economic importance is measured by
the percentage contribution of a particular sector to the national
value-added (VAD). Fig. 3 considers VAD relative to global VAD for
each particular sector (i.e. a proxy for the producing country’s share
of the global market)9 . The dashed lines represent global averages.
Hence regional sectors of high domestic (Fig. 2) or global (Fig. 3)
relevance within the global sample are located in the right half.
Regional sectors in the top-right quadrant are also projected to be
subject to strong price increases.

For instance, for China’s Textile sector, we  project a relatively
large price increase of about 5%. This sector accounts for about 3%
of China’s total VAD, and about 30% of global value added in the
Textile sector. In comparison, for Turkey (for which Textiles account
for about 5% of total national VAD) the price increase would be only
9 An additional investigation of competitiveness impacts using “Revealed Com-
parative Advantage” is provided in the SI. We plot regional sectors that have a higher
than average share in Figs. 2 and 3, only. A lower share does not exclude relevant
adjustments. See tables A1, A3, A6 and A7 for further details.



H. Ward, J.C. Steckel and M. Jakob / Energy Economics 84 (2019) 104549 5

F hare 

a ith a 

s spect

i
p
c
t

l
f
t
c
t
o
e
g
i
i
t
m

3

s
i
i

ig. 3. Projected price increases due to a carbon price of USD 50 per tCO2 vs. the s
verage price increase across countries and the average VAD share. Only regions w
ectoral  shares in global value added are given in Table A1 and Table A6 in the SI, re

n China’s share. Likewise, for Metals, China would experience a
rice increase of more than 10%, whereas prices in most European
ountries as well as Japan and Brazil would increase by less than
he global average.

Overall, the most severely affected economic activities are
ocated in developing and Eastern European countries. Although,
or China, many sectors represent a relatively small VAD share in
he national economy, the corresponding projected price increase
ould lead to significant shifts in the global economy in absolute
erms. Due to its size, China is the largest global producer in numer-
us economic sectors. The Asian economies of our sample (with the
xception of Japan) would be particularly negatively impacted by a
lobal carbon price10 . By contrast, US industries with a large share
n global VAD tend to be cleaner than average supply chains. This
ndicates that the introduction of a global carbon price would boost
hese industries’ comparative advantage and result in increasing

arket shares.

.2. Short-term effects on employment and GDP

To assess potential short-term effects of a global carbon price on

ectoral employment and national GDP, we calculate the changes
n final output that would occur as a result of price changes assum-
ng that the industries concerned do not adjust their production

10 An additional market concentration analysis is done in the SI.
of a region in the global value added for a given sector. The dotted lines show the
VAD share larger than the world mean are plotted. Values for price increases and
ively.

methods and workers are unable to find employment elsewhere
(see Section 2.3). The results of this analysis should be regarded
as the upper boundary measure of the economic output and labor
force under pressure, rather than an accurate projection of GDP
and job losses resulting from a global carbon price. Understanding
the extent of the effects on GDP and the labor force under pres-
sure might be of considerable political importance; even though
actual losses in production and employment can be expected to
reduce, the prospect of losing a fraction of output and employment
in a given industry is likely to be sufficient to generate political
resistance among workers and shareholders.

Fig. 4 analyzes the total expected short-term effects into direct
and indirect effects. Direct effects are those that would only be
caused by changes in final output. Indirect effects result from
the additional changes in global supply chains that affect all
downstream sectors producing intermediate inputs. Values greater
(lower) than one, denote potential gains (losses) in regional GDP.
For instance, a value of 1.01 denotes a potential gain of 1% of
regional GDP. Overall, direct effects dominate and determine the
direction of the total effect for most regions. Total effects range from
GDP under pressure of about 3% for China and India, to potential
gains of about 1% for Ireland.

For the analysis of jobs put under pressure, we  combine the

above results with information from the MRIO on specific regional
work hours used to produce final output. Fig. 5 shows that in India
and China, overall jobs under pressure would amount to about 3%
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Fig. 4. Direct and indirect effects of a global carbon price of USD 50 per tCO2 on GDP. The figure distinguishes between direct effects (referring to sectoral final demand
changes by consumers) and indirect effects (referring to demand changes by downstream sectors). The size of dots refers to the total effect in percentage points, which is
obtained by multiplying the two factors (direct and indirect) and converting the result to a percentage change. Table A1 in the SI provides values.

F f 50 U
h d by d
t

a
i
t
j
t
s
2
a
w
t
c

4

t

a
(

ig. 5. Projected pressure on labor markets resulting from a global carbon price o
igh,  medium and low. The bars refer to the left y-axis. Impacts which are indicate
herefore serve as an upper bound of the impact on the job market.

nd 2% of the total workforce respectively11 . Moreover, jobs are
mpacted in different ways depending on the qualification level. In
he large majority (>75%) of all countries, low-skilled jobs are pro-
ected to see the largest relative changes. This is probably because
he proportion of low qualified labor is greater than average in the
ectors investigated, see Table A8 in the SI. In China, more than
% of the low-skilled work force would be under pressure. India is
n exception, as results indicate that the medium-skill work force
ould be most severely affected. Nevertheless, more than 3% of

he low-skilled work force would also be under pressure in this
ountry.

. Discussion and conclusions
It is frequently argued that unilateral climate policy might lead
o additional pressure on EITE industries and related jobs, partic-

11 This is approximately the same proportion of the workforce that has been
ffected in the US as a result of China’s entry into the World Trade Organization
Acemoglu et al., 2016).
SD per tCO2. The results consider three different levels of labor qualification, i.e.
ots refer to the right y-axis. The results present a ceteris paribus impact and might

ularly in industrialized countries. This paper demonstrates that a
global uniform carbon price would, however, simply shift the prob-
lem to developing countries. These negatively impacted countries
and industries might therefore be reluctant to accept binding cli-
mate measures or refuse to constructively engage in international
climate negotiations.

The results presented in this paper provide an initial basis for the
development of sector-specific policies to lower the vulnerability
of highly relevant industries to a global carbon price, or to increase
their capacity to deal with the associated price increases. This
might be of special importance for poorer countries considering
that manufacturing has been the “main avenue of rapid economic
convergence”, i.e. of high importance for developing countries
(Rodrik, 2015, p. 28). For countries with carbon-intensive electric-
ity supply, e.g. China, the impacts could be significantly reduced
by de-carbonizing electricity production. Other alternatives are
to promote efficient technologies that reduce the demand for

carbon-intensive electricity or substitute other carbon-intensive
intermediates (Kim and Kim, 2012; Saygin et al., 2011; Ward et al.,
2017).
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Weitzman, M.L., 2014. Can negotiating a uniform carbon price help to internalize
H. Ward, J.C. Steckel and M. Jakob

Furthermore, a rational and successful climate policy might
eed to ensure that losers are compensated (Trebilcock, 2014;
NEP, 2017). Recycling carbon tax revenues could provide such
pportunities (Goulder, 1995; Klenert et al., 2018). Learning from
ast experiences of (successful) structural transformations within
eveloped economies can also help generate appropriate measures
o ensure a ‘just transition’ (Smith, 2017) towards a decarbonized
lobal economy.
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