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Abstract: This study utilizes recently published environmental extensions to the World Input-Output
Database (WIOD) to compare production-based, consumption-based and technology-adjusted carbon
emissions for 44 countries and country groups for the period 2000 to 2014. Results show some
significant shifts in global emission trends compared to similar studies of the period before 2009.
For 20 European Union (EU) countries and the US, emissions decreased over the period regardless
of measure, and the same was true for the EU. Since GDP grew in 18 of these countries, the results
provide unambiguous evidence for absolute, albeit modest, decoupling of economic growth from
carbon emissions. The large increase in global emissions that nevertheless occurred during the period
was driven almost entirely by increasing consumption in China and developing countries.
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1. Introduction

Effective climate mitigation requires reliable, relevant and up-to-date data on greenhouse gas
(GHG) emissions, and on the drivers of such emissions. Traditionally, national GHG inventories have
been calculated according to territorial or production-based accounting (PBA) principles; each country
accounts for emissions that occur within its borders, in the household sector and in the production of
goods and services, regardless of whether these goods and services are produced to satisfy domestic
demand or for export.

Critics have pointed out that with consumption being a main driver of human-induced GHG
emissions, and with increasingly fragmented global value chains and a large part of global emissions
being generated in the production of goods that are traded across borders, it makes sense to hold
countries accountable not only for emissions that occur within their territories, but also for emissions
in other countries related to production of goods and services that are consumed by their residents [1].

A country’s consumption-based emissions are calculated by adding emissions embodied in
imports to its production-based emissions while subtracting emissions embodied in exports. Several
studies [2-7] have indicated that for developed countries, consumption-based emissions are generally
larger than production-based emissions, whereas for developing countries the opposite holds. Moreover,
domestic emissions reductions that several developed countries have reported during recent decades
often evaporate when the balance of emissions embodied in international trade is taken into account.
These facts have been taken as evidence that developed countries are increasingly outsourcing
emissions-intensive production to developing and emerging economies and that this explains, at least
in part, the observed reductions in domestic emissions in many developed countries [4,8,9].
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Other studies have questioned this conclusion [10-14], showing that the observed imbalances
between developing and developed countries regarding emissions embodied in trade may largely
stem from differences in technology between countries, i.e., differences in carbon intensity of energy
and energy intensity of production, rather than from outsourcing.

Technology-adjusted consumption-based carbon accounting (TCBA) was developed to amend this
weakness of standard consumption-based accounting (CBA). It is similar to CBA in many respects, but
applies the average carbon intensity on the world market for each sector when subtracting emissions
embodied in exports, instead of average domestic emissions intensities [14]. Thereby each country
is held fully accountable for factors that it can influence, such as the level and composition of its
consumption, as well as the production technologies, also for exports. The reasoning behind this twist
was that for carbon accounting to reflect how a country’s export affect global emissions, it must take
into account, “not only how a certain exported commodity was actually produced, but also what
alternative production it replaces” [14].

With TCBA, the clear divide between developed countries being net importers of embodied
emissions, and developing countries being net exporters, dissolved. For some developed countries,
like the US, Australia and Canada, TCBA, as with CBA, was significantly larger than PBA. For many
European countries, however, as well as for the European Union (EU) as a whole, TCBA was found to
be lower than both PBA and CBA, thus contradicting the interpretation of the gap between CBA and
PBA as evidence of emissions outsourcing.

TCBA has been criticized for lack of scale invariance due to treating exports and imports differently;
for instance, the sum of TCBA for all EU27 countries does not equal TCBA for EU27 as one unit
(although the difference is small, around 5%) [15,16]. This problem can be solved by using world
average emissions factors also on the import side. The downside of this is, of course, that countries
are no longer accountable for the effects of sourcing of imported good. This slightly modified version
of technology adjustment was used in two studies of the balance of emissions embodied in trade
for the UK and Sweden 1995-2009 [10] and the world 1995-2009 [13]. The technology-adjusted
balance of emissions embodied in trade measures emission flows due to the scale and composition of
exports and imports only, and is hence a more reliable indicator of outsourcing of emissions than the
standard balance of emissions embodied in trade, which includes the effects of technology differences
between countries.

The issue of how to interpret the observed gap between consumption-based and territorial
emissions is important for several reasons. First, to what extent emissions reductions in developed
countries have been offset by outsourcing of emissions to developing countries has implications for
whether there is evidence of decoupling economic growth from GHG-emissions, the possibility of
which is a sine qua non for sustainable development. Second, if emissions reductions in some countries
are offset by increased emissions somewhere else, this may undermine climate policy efforts [17,18].
Alternatively, the mere suspicion that this could be the case may undermine support for ambitious
national climate policies. Third, misunderstanding the effects on global emissions of a country’s foreign
trade could lead to counterproductive policy proposals [14]; for example it has been suggested that a
country with carbon efficient energy can reduce its climate impact by reducing the share of foreign
trade in the economy [19].

However, the debate on this subject has been hampered by data limitations. Whereas data on territorial-
and production-based emissions have been available for more recent years, consumption-based
accounting depends on input-output tables that are not updated very frequently, and with
environmentally extended data lagging several years behind.

The World Input-Output Database (WIOD), one of the most frequently used databases, was
updated 2016 to cover the period 2000 to 2014, but does not contain environmental satellite accounts.
Recently, some researchers have compiled energy and CO, accounts for the WIOD 2016 release [20,21].

The aim of this paper is to revisit the differences in results between production-based,
consumption-based and technology-adjusted accounting methods, utilizing the CO, accounts compiled
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by Corsatea et al. [20], in order to see how the situation has developed since 2009. We calculate national
emissions for 44 countries and regions between 2000 and 2014 according to PBA, CBA and TCBA.

In addition, we perform a decomposition analysis of the drivers behind the changes in global
emissions as well as domestic emissions and emissions embodied in trade for different countries, over
the period. The decomposition separates the effects of changes in carbon intensity of production
technologies, in composition and sourcing of intermediate goods, and in composition and level
of consumption.

There are good reasons to suspect that the development after the global financial crisis around
2008 might differ significantly from the period before the crisis. First, countries have grown at different
speed, with Asia growing the most; and technological advances, for example in energy production and
transportation, have changed the carbon intensity of production, but not necessarily at the same pace
in different countries.

Second, some recent studies have shown shifting patterns of trade in materials and embodied
energy that indicate the emergence of a new and partly different narrative. Kulionis [21] combined
trade data from WIOD 2016 release with energy data from International Energy Agency (IEA) energy
accounts, and demonstrated converging energy embodied in trade for developed and developing
countries. Karstensen et al. [22] used a combination of datasets and estimations to calculate the
development of EU emissions trends to show reduced consumption-based as well as territorial
emissions for EU-countries after the global financial crisis around 2008.

Our results are in line with these studies, and indicate that there has been significant shifts in
emission trends compared to the period 1995-2009, in particular with regard to consumption-based
emissions. Whereas some EU countries showed declining production-based emissions from 1995-2009,
consumption-based emissions were still generally increasing, and trends for technology-adjusted
emissions were mixed. For the US, emissions were increasing on all measures.

Between 2000 and 2014, emissions decreased for the majority of EU countries and the EU as a
whole regardless of measure, and the same was true for the US. The large increase in global emissions
that nevertheless occurred during the period was driven almost entirely by increasing consumption in
China and developing countries. Increasing consumption in developing countries was a major driver
behind the increase in global emissions from 1995-2009 as well [23], but this trend was even stronger
from 2000-2014.

2. Materials and Methods

2.1. Data

The analysis in this study is based on the Global Multi-Regional Input-Output (GMRIO) tables
from the WIOD 2016 release [24,25]. The database covers 44 countries including 28 EU member states,
15 other major economies and the Rest of the World (ROW) aggregate. The tables are based on data for
56 products classified according to International Standard Industrial Classification revision 4 (ISIC
Rev. 4). The tables adhere to the 2008 version of the Systems of National Accounts (SNA). Since the
WIOD 2016 release does not contain environmental extensions, we utilize CO, accounts compiled by
Corsatea et al. [20].

2.2. Multi-Region Input-Output Analysis (MRIO)

Carbon dioxide emissions are calculated using input-output analysis developed by [26].
Detailed explanation of the method can be found in [27]. An environmentally extended multi-regional
input-output model can be expressed as:

E=qI-A)"'Y=4LY 1)

where A is the matrix of technical coefficients it is obtained as A = Z&X !, where x is the vector of
output Z the intermediate demand, Y represents final demands, (I - A)~! L is the total requirement
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matrix (often known as the Leontief inverse) representing interdependencies between industries, I is
the identity matrix, and § is the direct CO, intensity.

The MRIO model in Equation (1) can be expressed as consisting of two regions: the focal country
and the rest of the world aggregate.

el ol2 gt o Lt oLyt yR gLyl +g'L12y2!  glLly'2 4§12y
[ o2l @22 ] = [ 0 ][ 2 122 H vl y2 ]: [ EPLAy 4 @L2y? GPLy12 4 gPLRy2 @)

The production-based (PB) emissions for country 1 are given by e’ = el 4 e!2 + h!. Where e!!
captures emissions that occur in country 1 to satisfy final demand in country 1 and e!? gives emissions
that occur in country 1 but are finally consumed in region 2. Note that we also add h! which captures
direct emissions by households (e.g., for cooking, heating). The consumption-based (CB) emissions
are given by eF = e!! + e?! + h!, where e?! gives emissions that occur in region 2 to produce goods
that are finally consumed in country 1. In the text we refer to e!'! as domestic emissions (DOM), e!? as
emissions embodied in exports (EEE), and e?! as emissions embodied in imports (EEI) for country 1.

TCBA emissions are obtained by replacing country-specific CO, intensities with the world
average carbon intensity: q“* = (q' +q?)/(x! + x?). Then using q** we calculate emissions that
would have occurred if exports from country 1 were produced with the world average technology
el2 = q"L1y'2 + @“L12y? (in the text we refer to this term as EEEwa). Finally, the TCBA is given as
eTCBA — eCB 1 (e12 —el2). The term in the brackets is an “adjustment” factor. It has a negative effect
on e“? when the production of the export bundle (from country 1) with the world average technology
generates more emissions than the production of the same bundle in with the actual technology
available in country 1.

2.3. Structural Decomposition Analysis (SDA)

To understand to what extent increasing global emissions are driven by changes in consumption
in different parts of the world, and to what extent this is counteracted or enhanced by changes
in production technologies and sourcing we have performed a structural decomposition analysis.
We decomposed the changes in emissions into effects of changes in technology (q) changes in the
composition and sourcing of intermediate goods (the Leontief inverse L) and changes in final demand
(Y) which are further split as Y = Md where, M captures changes in the composition and sourcing of
final demand, d captures changes in the level of final demand (“consumption”).

The change in E from Equation (2) between two points in time (0 and #1) can be expressed as:

AE = By — Eig = 4, LnMadn - §,oLioMudio ®)
Contribution by each determinant can be obtained as:
AE = A§LMd + §ALMd + gLAMd + GLMAd (4)

In a similar manner as shown in Equation (2) from AE we obtain factors that explain changes for
ell, e'?, e?l. We apply the same decomposition procedure for el2, but we replace actual intensities
(i-e., q) with the world average intensity (i.e., §“*). Direct emissions by households are included in
d factor domestic (DOM) part. It is important to note that an additive decomposition as expressed
in Equation (4) is not unique because each term can be weighted by different points in time, for
instance AQLM& = AthlMtlaﬂ or AQLM& = QLtoMtoato. To overcome this non-uniqueness issue
we use an average of the two so called polar decomposition forms as proposed by Dietzenbacher and
Los [28]. Furthermore, to eliminate price effects we use MRIO tables in previous year’s prices and

chain the results.
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3. Results

3.1. Development of Production-Based Accounting (PBA), Consumption-Based Accounting (CBA) and
Technology-Adjusted Consumption-Based Accounting (TCBA)

The most significant result of this study is that 21 developed countries—20 out of 28 EU countries
and the US—reduced their emissions between 2000 and 2014, regardless of accounting principle used.

Figure 1 shows change in per cent for PBA, CBA and TCBA, from 2000 to 2014, for 43 countries
plus the Rest of the World. Countries with green bars to the left have reduced their emissions under
the accounting principle in question, whereas countries with red bars to the right have increased
their emissions.
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Figure 1. Changes in production-based accounting (PBA), consumption-based accounting (CBA) and
technology-adjusted consumption-based accounting (TCBA) 2000-2014.

For each measure, there are more than 25 countries showing reduced emissions, and 21 countries
have green bars for all measures. On average, for these 21 countries, PBA decreased by 14%, CBA by
11%, and TCBA by 14%. For the EU as a whole, the average reduction was 18% (PBA), 13% (CBA) and
22% (TCBA). For the US, emissions were reduced by 10% (PBA), 8% (CBA) and 7% (TCBA).

This contrasts with results for the period 1995-2009, when US emissions increased regardless of
measure, whereas EU emissions increased for CBA, and decreased by only 6% for PBA and 7% for
TCBA [14].

China, India, Indonesia, Brasil and Rest of the World have all increased their emissions by more
than 50% during the same period, again regardless of accounting principle. India has more than
doubled, and China nearly tripled, its emissions regardless of measure. The only countries that were
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unambiguously classified as developed markets throughout the period, which show red bars on all
three measures, are Australia and Canada.

Blue dots represent change in GDP during the same period. As can be seen, 18 of the 21 countries
which reduced their emissions on all three measures, also had a positive GDP growth over the period,
thus providing clear and unambiguous evidence of absolute decoupling of economic growth from
COs-emissions.

For each measure, there are 23 to 24 countries showing reduced emissions combined with positive
GDP growth.

It should be noted, of course, that the per capita levels of emissions in countries such as India
and Indonesia are still much lower than in the developed countries that have reduced their emissions
during the period. For China, on the other hand, per capita emissions are now on the same level as for
some European countries.

It should also be noted that, even if a number of developed countries managed to cut their
emissions, global emissions continued to grow, from 26 to 36 Gigatons (Gt) during the period.
This growth was largely due to increasing production-based and household emissions in China (69%),
India (12%) and Rest of the World (32%).

Perhaps more surprisingly, the same countries accounted for a very large share of the growth
in global emissions from a consumption perspective, with China’s growth in CBA accounting for
60% of the global increase in emissions, India’s for 11%, and RoW for 35%. In fact, nearly 50% of the
total increase in global emissions during the period was related to increased domestic production for
domestic final demand in China.

Figure 2 presents the development of PBA, CBA, TCBA over the period for four major economies,
the US, Europe (EU28 plus Switzerland and Norway), China and India.

The drop in emissions in the US and the European countries starts with the financial crisis in 2008.
In the US as well as the European countries, consumption-based and production-based emissions
dropped 12%-15% between 2007 and 2009. In the US, they then stabilized around that level, whereas
in the European countries, emissions continued to decrease throughout the period.

For China and other BRIIC countries (Brazil, Russia, India and Indonesia) emissions increased
continuously over the period, on all three measures, but flattened out for China between 2013 and
2014. It is not possible to determine from the data available for this study whether this is a trend or
just a temporary dent in the curve, but from other sources we know that, after three years of seeming
stabilization, China’s production-based carbon emissions continued to grow and amounted to 10.9 Gt,
equal to 29% of global emissions in 2017 [29]. According to recent projections emissions in China are
expected to peak at 13-16 GtO2/yr between 2021 and 2025 approximately 5-10 years ahead of the
current Paris target of 2030 [30]. Contrary to this positive assessment of China’s future performance,
recent news report that between January 2018 and June 2019 China increased its coal-fired power
generation capacity by 42.9 GW despite a global move towards cleaner energy sources [31]. So, firm
conclusions about China’s future carbon trajectory seem difficult to draw.

For all four countries or country groups, trends look the same regardless of measure used, although
levels differ between the measures. For the European countries and the US, consumption-based
emissions, CBA, are significantly larger than production-based emissions, PBA. For China and the
other BRIIC countries, the situation is the opposite.
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Figure 2. Development of PBA, CBA and TCBA 2000-2014 for the US, China, Europe (EU28 plus
Norway and Switzerland), China and BRII countries (Brazil, Russia, India and Indonesia).

For China and the other BRIIC countries, TCBA is larger than CBA, indicating that carbon
intensities in export industries are higher than world average for the same industrial sectors. For the
European countries, the situation is the opposite, with CBA significantly larger than TCBA, indicating
that export industries are less carbon intensive than the world average for the same sectors. In this
respect, the European countries differs from the US, where CBA and TCBA are roughly identical.
This result is a very similar to what was found in previous studies for the period 1995-2009 [14].

3.2. SDA Results

Table 1 shows the results for global emissions and for some relevant components of emissions
for four countries or country groups, the US, European countries, China, and BRII countries
(Brazil, Russia, India and Indonesia). DOM is emissions from domestic production for domestic
final demand, EEI is emissions embodied in imports, EEE is emissions embodied in exports, and
EEEwa is technology-adjusted emissions embodied in exports, i.e., calculated with world average
emissions factors for the relevant sectors. Results for all countries in WIOD are found in the
Supplementary Materials.

For China, growth in domestic final demand has been huge; increasing domestic final demand
added 7.7 Gt to China’s consumption-based emissions (DOM + EEI) during the period, corresponding
to nearly 75% of the total growth in global emissions, and nearly 25% of total global emissions in
2014. At the same time, changes in the composition and sourcing of intermediate goods in Chinese
production added 1.8 Gt/yr to China’s production-based emissions (DOM+ EEE), while improved
carbon efficiency of Chinese production contributed to reducing emissions by 4.1 Gt/yr.

The net effect on global emissions of changes in consumption and technology in China—i.e., the
net effect of changes occurring within China (cf. [23])—was a 5.5 Gt/yr increase.
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Table 1. Drivers of change in emissions, globally and in some major economies and country groups.

Gigatons Gt of CO;. Results for all countries are found in the SI.

q L M d Total
Global -8.19 1.23 091 16.87 10.82
USA

DOM -0.09 -1.13 -0.36 1.07 -0.51

EEE -0.06 -0.16 —-0.04 0.18 -0.08
EEI —-0.46 0.27 0.24 0.30 0.35

EEEwa —-0.08 -0.14 —-0.04 0.19 —-0.08

China
DOM -3.13 0.90 0.34 7.07 5.18
EEE -1.00 0.94 1.08 0.65 1.68
EEI -0.13 -0.02 0.04 0.66 0.55
EEEwa —-0.24 0.55 0.63 0.40 1.34
European countries

DOM -0.79 0.00 -0.25 0.31 -0.74

EEE —-0.63 0.06 0.03 0.48 -0.07
EEI -0.70 0.35 0.16 0.29 0.11
EEEwa -0.42 0.09 -0.03 0.75 0.39

BRII

DOM -0.23 -0.36 -0.10 2.13 1.44
EEE -0.14 —-0.08 0.07 0.45 0.30
EEI -0.19 0.15 0.09 0.39 0.44
EEEwa -0.10 0.01 0.03 0.22 0.16

Note: q represents changes in CO, intensity (technology), L consist of changes in the composition and sourcing
of intermediate goods, M contains changes in the composition and sourcing of final demand, d captures changes
in the level of final demand (“consumption”). Direct emissions by households are included in DOM part d effect.
European countries consist of EU28 plus Norway and Switzerland.

The fact that q contributed four times more to reducing emissions embodied in exports with
Chinese domestic technology factors (EEE) than with world average technology factors (EEEwa),
indicates that Chinese technology in export industries improved much faster during the period than
the world average in the same sectors.

For the US, increasing domestic final demand added 1.4 Gt/yr to US consumption-based emissions,
whereas changes in the mix of and sourcing of goods for final demand reduced emissions slightly.
The observed net reduction in US consumption-based emissions is mainly explained by improvements
in composition and sourcing of intermediate goods in US production (1.3 Gt/yr) and improved
technology factors in imports, whereas changes in domestic technology factors only contributed
modestly to reducing emissions. The net effect on global emissions of changes in consumption and
technology in the US was a 0.2 Gt/yr reduction.

Unlike China, US technology factors in export industries improved slower than the world average
in the same sectors. This is shown by q contributing more to reducing emissions embodied for EEEwa
than for EEE.

For the European countries (i.e., EU28 plus Norway and Switzerland) as well, growing
consumption levels contributed to increased domestic and imported emissions and, like the US,
changes in the structure and sourcing of consumption contributed to a slight decrease. Unlike the
US, however, the main driver of emissions reductions was improvements in domestic technology.
Technology changes in the European countries reduced its production-based emissions by 1.4 Gt/yr,
and the net effect on global emissions of changes in consumption and technology in Europe was a 1
Gt/yr reduction. Like China, and unlike the US, technology factors in European export industries on
average improved faster than world average, which is shown by q being larger for EEE than for EEEwa.

For the BRII countries, i.e., Brazil, Russia, India and Indonesia, increasing consumption added
2.5 Gt to domestic and imported emissions, whereas changes in the composition and sourcing of
final demand had a slightly negative impact. Improvements in domestic technology factors and in
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composition and sourcing of domestic production reduced emissions by 0.8 Gt. The net effect on global
emissions of changes in consumption and technology in BRII countries, was a 1.7 Gt/yr increase.

The Rest of the World is an artificial region consisting of all countries that are not accounted for
individually in WIOD, to a large extent developing countries. There is not much point in analyzing
trends in this broad spectrum of countries, but it should be noted that increasing consumption in these
countries accounted for over 3 Gt/yr, or 30% of the total increase in global emissions. Although each
RoW country accounts for a fairly small share of the global economy and emissions, collectively they
are playing an increasingly important role for global emission trends.

By comparing the contribution of changes in technology for emissions embodied in trade with
domestic and world average emissions factors (i.e., the q factor for EEE and EEEwa), we can see
whether a country has improved carbon efficiency in export sectors faster or slower than the world
average. Figure 3 shows the value of q(EEE)/q(EEEwa) for all countries that have improved their
technology factors. A value larger than 0 means that the total change in domestic emissions factors for
export sectors was faster than the change in world average factors for the same sectors. As can be
seen, the countries that have improved fastest are Malta, Greece, Taiwan, Bulgaria, Romania, Poland
and China.
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Figure 3. Emissions reductions due to technology changes with domestic emission factors compared to
world average, [q(EEE)/q (EEEwa)] - 1.

Most countries in Western Europe have improved their domestic emissions factors in export
industries slower than world average for the same sectors. This is not very surprising, since carbon
intensities in these countries were lower at the start. Still, it indicates a significant convergence of
technology taking place.

4. Discussion

The study reveals some important shifts in global emission trends compared to studies of the
period before 2009. First, a number of developed countries, including 18 of 28 EU-countries and the
US, have reduced their emissions regardless of measure used.

This contrasts with the previous period, when consumption-based emissions in most developed
countries were still growing, while production-based emissions in the same countries declined,
giving rise to the suspicion that, instead of making real progress, developed countries were merely
outsourcing the effects on emissions of their increased consumption to other countries. Although
studies of technology-adjusted measures moderated this picture, showing that for some—but not
all—developed countries, the gap between CBA and PBA was largely due to differences in the carbon
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efficiency of energy and production rather than outsourcing of emissions intensive production, the
overall picture was still mixed.

In the present study, trends are much clearer, and provide no support for the suggestion that
observed reductions in territorial emissions in most developed countries are largely explained by
outsourcing of emissions. Most developed countries in this study have reduced consumption-based
as well as production-based emissions, and for some European countries, the reduction in
consumption-based emissions exceeds that in production-based emissions. With adjustments for
technology differences between countries, i.e., when reductions in TCBA are compared with reductions
in PBA, this is the case for 20 European countries. The developed countries that do not fit with this
story are mainly Canada and Australia, which have increased emissions on all accounting schemes.

The significance of this result is not so much the emissions reductions themselves. These are fairly
modest, and by far outweighed by increased emissions in China, other BRIIC countries and Rest of the
World, resulting in a huge net increase in global emissions during the period.

The result is important because it answers a key question for sustainable development, namely
whether economic growth is possible without increased carbon emissions. Since at least 18 developed
countries reduced their emissions on all measures while maintaining economic growth, the study
provides clear evidence of absolute but quite modest decoupling (i.e., growth in GDP at the same time
as emissions go down).

A second important result is that the growth of global emissions during the studied period
was more or less entirely driven by increasing consumption in emerging and developing economies.
Increasing consumption in emerging and developing countries was the main driver of the growth of
global emissions also for the previous period, 1995-2008 [23], but it has become much more pronounced
in the more recent period, with a larger increase in consumption-based emissions in emerging and
developing countries, and a change from net increase to decrease in developed countries.

The point of stressing this result is not to shift moral responsibility from developed to developing
countries. It should be remembered that per capita emissions are still much lower in most developing
countries than in developed ones, and that economic growth—and hence growth in demand—is
needed to achieve sustainable development goals. Still, for some rapidly emerging economies like
China, emission levels per capita are already at or above the average European level.

The point is that the result has implications for what needs to be the focus of climate policy.
Reducing consumption-based emissions in developed economies is necessary, but the scale of the
potential increase in emissions resulting from growing consumption in developing and emerging
economies is so large that it would more than outweigh any possible reductions in emissions due
to reduced consumption in developed countries, unless future development can be pushed into a
different, non-fossil, path.

In fact, only the increase in consumption-based emissions between 2000 and 2014 in the BRIIC
countries amounted to nearly 90% of the total consumption-based emissions in EU 28 and the US
together. With adjustment for differences in technology between countries, i.e., TCBA, the increase in
BRIIC countries equals total emissions in the EU and the US.

A third important result is that technology improvements in Chinese export industries had
three times more impact on global emissions than the corresponding improvements in the European
countries and the US taken together.

This does not mean that improving technology or reducing consumption-based emissions in rich
and developed countries is unimportant. But it means that it is the development in China and other
rapidly growing economies that will determine whether international efforts to halt the growth of
global emissions will be successful or not. The focus of climate policy in the EU and other developed
countries should, therefore, be on transformative solutions that can be disseminated and implemented
on a large scale to support a fossil-free development path for countries that are still in great need of
economic growth.
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5. Conclusions

The main drivers behind the increase in global carbon emissions 2000-2014 was increasing
consumption and production in developing and rapidly growing economies. The majority of
developed countries decreased their emissions—albeit modestly and from a high per capita level—from
a consumption as well as a production perspective, and with or without adjustment for technology
differences. This result is hopeful as well as worrying. Hopeful, because it demonstrates that sustained
economic growth is possible without increased emissions. Worrying, first because emission reductions
in developed countries are too slow. Second, it also demonstrates that reducing emissions in countries
that are already industrialized will be far from enough. Policies that aim at mitigating existing emission
sources in developed countries must be speeded up and complemented with strategies to facilitate low
carbon pathways to much needed economic progress in today’s developing countries.

Supplementary Materials: The following are available online at http://www.mdpi.com/1996-1073/13/2/339/s1:
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