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Executive Summary

This chapter assesses the developments, over the past 40 years, of trends in emissions of the main
greenhouse gases, as well as the proximate and aténoauses for these trends, which we refer
to as the GHG emissions drivers.

From the analysis of global trends in stocks and flows of greenhouse gases add/sbda@pecies,

it can be concluded tha€O2 continues to be the most important anthropogegrieenhouse gas;

its increase is due primarily to the combustion of fossil fuels and, to a lesser extent, to land use
change.

In fact, between 1970 and 2008, global anthropogenic CO2 emissions increased by about 80%
while CH4 and N20 increased by abdbedand 40%, respectively, and fluorinated gases, which
represented a minuscule amount in 1970, increased by about 650%.

Specific contribution$o the overall increase in GHG emissifmasn sectors likeransport,
buildings, industry, waste and agricultuferestry, other land use (AFOLU) and fisheries and
aguaculture have been estimated and analyzed.

Transport sector, for instance, represents average 22% of the global emissions, increasing from
3GtCQlyr in 1970 to about 7GtCgyr in 2008(high confignce) Policies such as for pollution
control, technologies such as biofuels, vehicle materials, fuel efficiency, and transport planning
and management still hold promises to curb the growth in the sector GHG emigsiedgim
agreement)

Industry GHG ermasions have grown moderately from about 5Gi@0in 1970 to about 8GtCHyr

in 2008 with an increased growth rate realized from 2002 attributed to industry growth in China
(high confidence) The variety of potential mgation measures for the sectardudes energy
efficiency, fuel switching, renewable energy, feedstock change, capture and sequestration of CO
measures that can be coupled with policies such as energy pricing and pollution cémedism
agreement)

Available data for buildings sectmdicates that emissions have increased by about 17% from
above 3GtCgyr in 1970 to nearly 4GtGQr in 2008 Mmedium confidencas data are not well
specified). Sector GHG mitigation can be achieved through mandatory standards, voluntary
programmes, poties and incentives backed by reseaficiedium agreement) Better response

can be proliferated in reducing GHG when governments provide leadership in their own buildings.

Agriculture contributed 11.5% of the total global emission in 2008, whereas fomstirpther

land uses (FOLU) contributed 11.3%. Compared to 1970, in 2008 emission in agriculture has
increased by 25.3%, although global population, a major driver of agriculture and GHG emission,
increased by 82.7%. An increase in food production cardhed through breeding of stress
tolerant cultivars/breeds of crops, livestock, fish and forest trees that will increase food, feed and
fuel production without enhancing GHG emission. Increasing use of resource conserving
technologies will be required fenhancing production and GHG mitigation.

Waste GHG emissions represented in 2008 the 2.9 % of global GHG emissions, compared with 2.6
% in 1970 yeaimedium agreement, robustvidence) Waste related GHG emissions increased by
193.5 % in the same peridchedium agreementobustevidence)Municipal solid waste is a

significant contributor to greenhouse gas emissions. The majority of these emissions are a result of
landfilling(high agreementiobustevidence) Countries have been incorporating alternatforms

of waste management strategies for mitigation such as energy recovery from landfill gas capture,
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aerobic landfilling, preeomposting of waste prior to landfilling, composting of the organic fraction
of municipal solid waste, controlled wastewategatment and recycling to minimize waste, waste
incineration with energy recovery and biofilters to optimize CH4 oxidghayh agreementrobust
evidence)

Global population has been doubled since 1970s to about 7 billion today, and per capita income in
PPP has increased by 80%, leading to over 3.5 folds increase in Gross World Products in PPP.
During this period, global GHG emission in GWP100 has increased by about 80%.

Studies have identified multitude of drivers to global GHG emissions includingneptisn,
international trade, population, urbanization, human behaviour, economic growth, and energy
use. Among others, consumption, population, economic growth and energy use are well
established drivers to global GHG emissions in the literature. Thereoanpeting explanations on
international trade and urbanization as a driver.

It is notable that most of the literature identified more than one driver and many also recognized
the interdependencies between them. Furthermore, it is obvious that manyefitivers can be
FAdZNI KSNJ RAGARSR Ayi(i2 O NAR2dzA &adzoO02YLRySyldao
DID Syxaairzyaké Oly 2yfe 0SS FyasSNBR Ay (KS
point,

NY Qx
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Therefore it is necessary to provideantext under which drivers of GHG emissions are identified
at different levels. A hierarchical framework is proposed, so that drivers can be systematically
identified and compared using both productitsased and consumptichased approaches in
parallel.

In order to identify the main drivers for the GHG emissions trendecomposition analysis known
as the Kaya identity is used. In this identity global emissions are equal to the population size,
multiplied by per capita output (Gross World Product), nplid by the energyntensity of
production, multiplied by the carboeimtensity of energy. The identity helps to understand the
mechanisms underlying the changes in emissions. However, the factors in the Kaya identity are
not independent to each other,daling a level of complexity to the analysis of causes and effects.
The Chapter tries to reach beyond proximate causes and drivers, such as production capacity or
consumption patterns, to understand ultimate causes and drivers; for that purpose, the chapte
structure following the Kaya identity.

The first driver in the Kaya identity, population, has been an important driver & &hissions in
recent decadesThe direct effect of population on emissions is a proportional increase, but the
indirect effeds of population on emissions are divergggh agreement, robst evidencg

The emissions increase for an additional person varies widely, depending on geographical location,
income, lifestyle, and the available energy resources and technologies, anwergattors. The

gap between the top and bottom countries in terms of per capita emissions has been stable at
about a factor 50, though individual countries have changed their position in the ranking
considerablyhigh agreement, robust evidence

The poplation has been increasing mainly in Asia, Latin America and Africa; with total emissions
Asia growing fastest due to other factors and drivgigh agreement, robst evidence)

Other demographic trends such as urbanization, ageing and household sezmbew subtle
effects on emissions. Migration from rural areas to urban areas tends to increase emissions at its
initial stage; while a further urbanization tends to decrease emissions. Ageing population seems
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to have an almost neutral effect on emissipngiile the evidence on the effect of household size
is not clearimedium agreement, medium eviderjce

The second driver analyzedG®P per capita, which is often used as a proxy for economic
development, production, and income.

Worldwide income has g@nup during the period assessed with much variation over time and
regions(very high confidenceMainstream economic theory points to technological change as the
key longterm driver of growth but capital stocks and resource use have also tended to secasa
part of the growth procesémedium agreement and evidence)

Economic growth was strong in Asia, the OECD also showed considerable growth levels, while
Latin America showed lowgrowth over the entire periodAfrica and the formerly centrally
plannedeconomies have seen setbackggrowth. At the same time, OECD countries have shown
somewhat stable per capita emissions, but growth in developing countries seems more emission
intensive(high confidence)

The role of sector shifts, say from agriculttimandustry to services, is probably less important for
the development of emissions than improved eneegfjciency within the sectordow agreement,
medium evidence)

Economic growth, in turn, is related to the level of consumption of goods and s&roicee the

level of consumption is isolated as an individual driver of emissions, it is by far the most significant
driver in both developed and developing countribigh agreementrobustevidence)This is the
conclusion of numerous studies that havedertaken a structural decomposition analysis to

identify the role of different drivers.

The interlinkages among economic growth, consumption, and emissions are important for the
attribution of emissions among regions and countries. There has beerastibsgrowth in
international trade, resulting in significant variation between the territebaked and
consumptionbased GHG emissions of countries.

The general trend shows that consumptibased emissions are higher than territofsed
emissionsdr developed countries and lower for emerging econonfieégh agreement, medium
evidence)In fact, it is found that international trade allows developed economies with a lower
than global average emissiger-value intensity to import higher emissigrer-value intensity
goods from emerging economies, and vice vélea agreement, medium evidencdhe growth

in international trade results in significant variation between the territebased and
consumptionbased accountings of GHG emissions of counthigh agreementrobustevidence)

As trade serves as an instrument for exchange, it is not a significant driver of global emissions per
se, but it is an important driver for the regional distributibonedium agreement, medium

evidence) Trade also implgtransport, and in this respect it contributes increasingly to

greenhouse gas emissions with a robust upward trend.

The third factor in Kaya identity is energy use per output, or energy intensity, that depends on a
set of interrelated variables includimgmographics, technology and capital vintages, geography

and climate, energy prices andxes, lifestyles, and policielsongterm statistical records show
improvements in energy intensities of economic outputs (measured by GDP) by more than a factor
of five since 1800 hen traditional biomass fuels are included in the measure of energy inputs
corresponding to an average decline of total energy intensity of about 1% pethjglar
confidence)Most regions show declining trends in energy intensity overtbieod 197602008
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(high confidenceincluding most otleveloped countries and major developing countries such as
India and China

Changes in energy intensity over time can be decomposed into the effects of structural change
the shift to more or less engy intensive industrieg the effects of changes in the mix of energy
sources, technological change, and the quantities of other inputs such as capital and labor used.
The change in energy intensity also depends on economic growth; fast economic gragglidea
higher turnover of the capital stock, thus offering more opportunities to switch to more energy
efficient technologieglow to medium confidence)

The fourth factor in our identity is related to the carbon content in the energy resources. Since
1880, the fossil fuels mix has moved from mainly coal to increasing shares of oil and gas, with
lower carbon per unit of energy released when burifeety high confidence)

The global rate of energy decarbonization has been on average about 0.3% anoodtyy to

offset the increase in global energy use of about 2% annually. The last decade shows a significant
slowing of decarbonization, particularly due to rising carbon intensities in some developing
regions, and to the slowed turnover of the energy eystin developed countrie@ery high

confidence)

The factors of the Kaya identity have various underlying drivers thai@rmdependent to each
other. As an example, consumption patterns are shaped not only by economic forces, but also by
technological geographical, political, sociological, and psychological factors.

Behaviour is an implicit and relevant driver of emissions, and is also a potential agent for change in
emissiongrobustevidencg.

Emissions are linked to behaviour from both the praitut and consumption side. Several studies
indicate that behaviour plays a greater role on the consumption side, and that the level of
consumption or the preference of goods and services that entail lower emissions are likely to
affect the overall emissi@(medium agreement and confiderjce

Voluntary reduction in energy consumption by individuals depends on their state of awareness
and concern about climate change, their willingness to act, as well as their ability to change.
Different social and culturgdredispositions also affect the use of energy and materials.

Inherent behaviour in societies leads to large variations in consumption patterns and lifestyles.
Moreover, not only current, but also past behaviour is seen as one of the most intractabkr$ar
to changing energy behaviouflew agreement limited evidence

Various policies and strategies are used across countries and across different levels with varying
degrees of success to bring about behaviour change. Apart from technological solbotibnsuld

be directed at improving resource productivity by changing consumption patterns, literature also
points to the need for reducing the levels of consumptforedium confidence

Technological change is an important driver for both the overathegoc growth and the energy

intensity of growth. Although some technological change leads to lower energy intensities and

greenhouse gas emissions, much of it also results in increasing emissions. Technical innovations

that potentially decrease emissiohsNB LJ- NIt &8 2FFaSd o0& (GKS aGaNBo2dzyR
that makes resources demand for resources to increase when due to innovation or efficiency

improvements the final products becomes cheaper. The balance of evidence suggests that the
GNBo2dzfiR 8SIBFPREOSA (GKS SySNHE al@Ay3a o6WNBJIAKG o0& S
from the reductionexpected by the direct effect.
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Decision made on infrastructure have influenced the effect of technological change on energy
intensity and therefore on GHG ersisns. Infrastructural choices made in the post World War |l
period are still affecting current emission levels, as they determined, for example, the fuel of
choice for decades thereafter. Indirectly infrastructure also guides the choices in technological
innovation, as greatest profits are expected for technologies that will remain in future demand
due to the existence of complementary infrastructure. This is thealed lockin effect. The
mechanism is reasonably understood, but there are few data witith to quantify its role in
facilitating or impeding reductions in GHG emissions.

Cobenefits and other tradeffs have also influenced the implementation of mitigation policies

and measures andherefore, the GHG emissionSobenefitscan be positiver negative. ey

may include improvement of ambient and-dor air quality, sulfur dioxide emissions reduction,
energy security and transport safety, among others, but also can lead to undesirable outcomes, as
in bioenergy production through increaseahtd competition, higher food prices, and loss of
biodiversity if fuel plantations affect diverse ecosystems.

The key complexities for analyzingloenefits include: choosing an appropriate baseline policy,
understanding the importance of scale, and recagm that net cebenefit calculations may hide
critical details about winners and losers. Manytamefits from mitigation turn out to be short
term effects, while the objective of climate change mitigation poli@én the longterm
timeframe.

In conclsion, the decreasing trends in energy efficiency and the almost stable trend in the carbon
content of energy resources have not been sufficient to offset the increasing trends in population
and economic growth, and therefore have not been able to offsetititreasing trends of global

GHG emissioraver the past 40 year§&or the next decades, the past patterns suggest a
continuous increase in global emissions due to continued increasing population, and-energy
related emissions will form a majoag.

At the same timeper capita emissions, which remained more or less stable over the period,
indicate that the substantial income increase has been balanced by an equal increase in energy
efficiency and slight decarbonisation of energy.

Though the territorial shre of the OECD countries has decreased considerably, their average per
capita emissions of approximately 16 tCO2 per year are still more than double the global average;
for global emissions to go down, per capita emissions in the OECD countries mustrgasdaell.

Reducing global emissions also requires the fast developing countries to change past trends. With
a substantial part of the global population reaching middle and higher income levels, global
emissions increasingly mirror the per capita enoigs of these populations.

Thus, a major shift in the energy system worldwide will be required to bend downwards the global
trends. We have to reduce energy per output, or to decarbonise energy supply, or both.

We need to pay special attention to inftaucture, construction and technological choices as

these affect future emissions for several decades. Recent insights in the dynamics of technological
change could give guidance to policymakers about how to embark on innovation policies more
effectively.

In view of this assessment, technological change and individual behavior becomes key aspects for
future effortson climate change mitigin.
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5.1. Introduction and overview

Building a better future starts by learning from the past. In this chapter, we adsess

developments over the past 40 years, from the 1970s to the late 2000s. We present trends in
emissions of the main greenhouse gases, and assess the proximate causes and ultimate causes for
these trends, which we refer to as the drivers. We employ extengersions of decomposition
analyses known as the Kaya identity and the IPAT identity. The IPAT decomposes the level of
greenhouse gas emissions (Impact) into three components: the population size (P), the affluence
(A) or consumption expenditure per cégiand the efficiency of technology (T) used to generate
income. The Kaya identity is a refinement; it reinterprets income as output (e.g. using G for Gross
World Product), and further decomposes the technology variable into energy per output (E/G) and
emissions per unit of energy (CO2/E). For carbon dioxide, on a worldwide level, the equation reads
as

CO2 = P x (G/P) x (E/G) x (CO2/E)

The equation presents an identity. Emissions are equal to the population size, multiplied by per
capita output, multiplie by the energyintensity of production, multiplied by the carbentensity

of energy. The identity helps to understand the mechanisms underlying the changes in emissions,
but the identity does not imply causality. One cannot conclude from it that popuagiowth as

such increases emissions, nor does income growth necessarily lead to higher emission levels. The
variables on the righbhand side develop jointly and not separately. A growing population can slow
economic development when essential resources scarce, but it also increases the potential
development of new ideas, which increases the speed of innovation and economic growth. And
innovations can be used to increase output while maintaining the same resoiasesity of

production, but innovatios can also be harnessed to decrease the rescimemsity, and

thereby, to decrease the ultimate impact. We thus have to very carefully assess the literature and
data, to identify causes for the big changes in emissions that we have seen over the pasts10

We try to reach beyond proximate causes and drivers, such as increasing production capacity and
income, to understand ultimate causes and drivers: mechanisms and policies that determine the
level and direction of economic growth. But the distinctiemlelicate and a discussion of system
boundaries is beyond the scope of this chapter.

The structure of the chapter is easily understood from the Kaya identity presented above. We
start, in Section 5.2, with a presentation of the main trends on the virsain the lefthand side:

the emissions of greenhouse gases and sheed substances that potentially counter the
greenhouse effect. The picture that emerges from Section 5.2 serves as the basis for the
remainder of our chapter. The section tells usshmuch greenhouse gas emissions have
increased, which substances contribute most, and when extrapolating trends, which substances
are expected to contribute most in the future. Similarly, Section 5.2 will inform us about the
regional distribution of emisens and the historic shift.

Section 5.3 is the methodological centrepiece of the chapter. It presents and discusses a more
detailed version of the above Kaya identity, with a more detailed regional and sector structure. It
shows how the Kaya identity chie used to assess the effects of regions and sectors that become
more important over time, and how changes in emissions can be attributed to changes in the
underlying variables such as population on a more detailed level: within regions and economic
sectoss. It also discusses the connection between two complementary approaches. The first
approach attributes emissions to output, that is, the production of goods, while the second
approach attributes emissions to consumption. While total emissions attributedne same
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under both approaches, they present potentially very different pictures with respect to the variety
over regions and sectors with respect to the emission intensity of consumption and production.

The next sections go into more detail into theiahles on the righhand side of the Kaya identity.
We start with population, or more broadly, demography, in Section 5.4. This section presents the
different trends in demographic variables, such as population size, ageing, and urbanization, for
the maja world regions, and it discusses the importance of changes in these variables for
greenhouse gas emissions. The section will also present mixed evidence on the question of
causality, that is, whether population size is approximately-tinene connectedad emissions, as

the identity suggests, as briefly touched upon above.

Section 5.5 presents and discusses the trends and role of the affluence variable. It takes a broad
view, and starts with a discussion of the drivers for economic development, and éstiqu

whether increased resource use is an inevitable consequence of development or not. The section
continues with the more narrow terms of affluence as measured by per capita production and
consumption. The transition from an agricultural society taratustrial, and ultimately the
development of a serviceriented society implies that growth of the affluence variable in the Kaya
identity is intertwined with the choice of technology, and this connection helps us to remember

that one cannot assess theyta S1j dzSy 0Sa 2F Ay O02YS 3AINRgGK Wil 1Ay3

The section connects back to Section 5.3 when it also presents consumption as a driver of
emissions, and the role of trade and the fastreasing trade flows and carbon embedded. The
closingpart of the section highlights that our perspective on trade should not be restricted to a
mechanistic view of carbon streams. We assess evidence on the role of trade for the exploitation
of comparative advantages, including energlated advantages, anfdr the international

exchange of technologies.

Section 5.6 and 5.7 apply the Kaya identity to specific sectors. In Section 5.6, we zoom into the
energy sector, the sector that is the worldwide major contributor to carbon dioxide emissions. We
present anddiscuss the trends in energy demand and the various determining factors. We provide
a brief discussion on the concepts of enengiensity and energy savings and the physical limits.
This section will also address the supply side. As the green paragtaxuit has emphasized,

through energy markets, the use of energy sources cannot be understood without addressing the
economics of fossil fuel exploration and exploitation. As part of the assessment of energy supply
the section will also present the trendts carbonfree energy sources and its underlying drivers.

Section 5.7 then covers the other major sectors: transport, buildings, industry, food and
agriculture, and waste. For each sector, we will use the Kaya or IPAT identity and present the
regional deelopments in the activity levels, and in the intensity of emissions per activity. We then
assess the drivers for trends in both the size and emission intensity, to form a picture of future
expectations.

The subsequent Sections 5.8 and 5.9 take an orthdgaee. These sections do not apply the

Kaya identity to regions or sectors, but these sections consider two ultimate causes, behaviour and
technology, and assess how developments therein have changed emissions through the various
variables in the identitywhile acknowledging differences between regions and sectors.

Behavioural change as discussed in Section 5.8 takes a humanities perspective, and connects to
fundamental and often normative issues also dealt with in previous chapters, such as the concept
of sustainable development.

Section 5.9 deals with technological change. It discusses theory and evidence on the role of
technological change in both overall productivity growth, affecting the affluence variable, as well
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as the direction of the direction afrowth; whether it is resource saving or increasing the resource
intensity of production. The rebound effect is a phenomenon also discussed here. It is the name
used to describe the case that appliances, as an example, become more energy efficiamg, leadi

to demand for the appliances to more than proportionally increase, so that finally energy demand
is not reduced but increased. The section concludes with an assessment of the role of technology
as embedded in capital and infrastructure, and how it detieres the future drivers and trends of
greenhouse gas emissions.

Section 5.10 complements the analysis of trends and drivers of greenhouse gases with a
consideration of their implications for other environmental and social issues such as ambient air
quality and energy security. Finally, the findings of this chapter are summarized in Section 5.11,
where we present the overall system perspective on drivers and trends.

5.2. Global trends in stocks and flows of greenhouse gases and sinet
species

¢KS OSMNBIYGIadM$ RF2NOAY I A& dzaSR Ay GKS Lt/ / G2 RSy:
0KS NIRAIFGAGS SySNHE 0 dzRBECE(I20)A positiveSfordng (Wbr& Qa Of A Y I
incoming energy) tends to warm the system, while a negdtivcing (more outgoing energy)

tends to cool it. Anthropogenic radiative forcing includes changes in concentrations ahixet

greenhouse gases, aerosols and tropospheric ozone. In this section we will explore emission trends

for these agents and theprecursors. For a description of the projected range of contribution of

each to radiative forcing, see radiative forcing diagram for AR4, Figure @PGLC2 200p. 4)

5.2.1. Sectoral and regional trends in GHG emissions

We beagin by focusing on the trends in greenhouse gases from 1970 through 2008. The non CO2
greenhouse gases are converted to CO2 equivalents usingeE0GGWPs. Figure 5.2.1 shows the
trends in major greenhouse gases.

GHG gas
SF6
PFCs
HFCs
COZ Land use
COZ2 Processes
CO2 Enargy
MN2O
CH4

GHG emissions (Gt of CO; equivalent)

Year

Figure 5.2.1. The principal greenhouse gases that enter the atmosphere because of human
activities (JRC, 2011). Co2 continues to be the major anthropogenic greenhouse gas accounting for
more than 75% of GWP adjusted emissions. Conversion of non CO2 greenhouse gases based on
100-year global warming potentials.
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Between 1972008, global anthropogenic CO2 emissions increased by about 80%, CH4 and N20
by about 45% and 40% respectively. Fluorinated gases which represented a minuscule amount in
1970, increased by about 650% over the same pefiiotal GWRveighted greenhouse gas

emissions increased by about 75% since between 1970 andIE2Q&011)

CO2 is the most important anthropogenic greenhouse gas. Its increase is due primarily to the
combustion of fossil fuels and land uggange. In 2008, CO2 emissions exceeded 75% of
anthropogenic emissions. The combustion of fossil fuels such as coal, oil and gas takes place in
power plants, and transportation. CO2 is also released through the production of cement and
other industrialgoods. Emissions from land use change are due primarily to deforestation.

The AR4 placed uncertainty bounds on anthropogenic emissions ¢FRIXI2 2007; Smith et al.,

2011) For fossil carbon dioxide emissions in the 1990s emissions were estimated at 6.4 Gt plus or
minus 0.4 Gt of carbon per year. Estimates of CO2 emissionsiassbwith land use change

averaged over this period were 0.5 to 2.7 GtC per year with a central estimate of 1.6 Gt per year.

Methane (CH4) emissions are due to a wide range of anthropogenic activities including the
production and transport of fossil fugllivestock and rice cultivation, and the decay of organic
waste in municipal solid waste landfills. It is estimated that more than half of global methane
emissions are related to humaelated activities. Natural sources of methane include wetlands,
gashydrates, permafrost, termites, oceans, freshwater bodies,-netland soils, and other
sources such as wildfirfdsPA, 2006)

The third most abundant source of anthropogenic emissions comes from nitrous oxide (N20)
which is emitted during agultural and industrial activities, as well as during combustion of fossil
fuels and solid waste. Current estimates are that about 40% of total N20 emissions are
anthropogenic. While uncertainty for CH4 and N20O will, in general, be larger than th@3©2o
global uncertainty ranges for these emissions have not been quantified.

In addition to the long lived greenhouse gases (LLGHG): CO2, CH4 and N20, a second basket of

gases was added in the Kyoto Protocol, thealled Fgases that include hydrofluocarbons,

perfluorocarbons, and sulphur hexafluoride. These synthetic, powerful greenhouse gases are

emitted from a variety of industrial processes. Fluorinated gases are sometimes used as

substitutes for ozonalepleting substances (i.e., CFCs, HCFCéadmiak). These gases are

typically emitted in smaller quantities, but because they are potent greenhouse gases, they are
a2YSGAYSa NBFSNNBR (2 Fa | A3K Df2oFf 2FN¥YAy3a t2i
uncertainty for these gases varies, althodghthose gases with known atmospheric lifetimes,

atmospheric measurements can be inverted to obtain an estimate of total global emissions.

GHG emissions are emitted from many societal activities. Using data from a wide range of sources,

the GHG Flow Bgram (Figure 5.2.2) provides a comprehensive accounting of global GHG

emissions. This flow chart shows the sources and activities across the economy that emits

greenhouse gas emissions. Energy use is by far responsible for the majority of greenhouse gases

Many activities produce greenhouse gases both directly, throughiterand transport use of

T2aaArf FdSftas IyR AYRANBOGEE FTNRBY KSHO FyR St SO
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World GHG Emissions Flow Chart

Sector End Use/Activity Gas

HFCs, PFCs,

- WORLD RESOURCES INSTITUTE

Figure 5.2.2. All data is for 2000. Calculations are based on CO2 equivalents, using 100-year
global warming potentials from the IPCC (Houghton et al., 1995), based on a total global estimate
of 41,755 MtCO2 equivalent. Land use change includes both emissions and absorptions. Dotted
lines represent flows of less than 0.1% percent of total GHG emissions.

40 -

30 - Sector
AFOLU
Energy
Transport

20= Industry

Buildings

GHG emissions (Gt of CO; equivalent)

' ' ' }
1970 1978 1980 1985 1990 1995 2000 2008

Figure 5.2.3. Trends in greenhouse gas emissions from 1970-2008 presented in terms of source
categories identified in figure 5.2.2. Conversion of non CO2 gases based on 100 year global
warming potentials.
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It is also important to understand emissions growth at the regional level in order to fully
appreciate the challenge facing the international community. Figurd Si@composes global
growth into its regional components. Growth rates in energhated emissions of carbon dioxide

in developing countries have recently increased rapinford et al., 2009Raupach et al.
decampose emissions growth in several regions into the factors of the Kaya identity: population,
per capita income, energy intensity of gross domestic product (GDP), and carbon intensity of
energyKaya, 190; Raupach et al., 2003 ee Figure 5.2.5. The industrialization process tends to
be energy intensive. Regions that are undergoing or have yet to undergo industrialization will
face considerable challenges in controlling fossil fuel emissions withewvailability of new,

less carborntensive alternatives on both the supply and demand sides of the energy system.
These challenges are discussed in detail in the next chapter.
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12

13  Figure 5.2.4. Greenhouse gas emissions at a regional level. Conversion of non CO2 gases based
14  onl100-year global warming potentials. REF, LAM, and MAF refer primarily to Central Europe, Latin
15 America and Africa, respectively.
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Factors in the Kaya identity, F = Pgef = Pgh, for nine regions.

Japan
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1.5
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Raupach M R et al. PNAS 2007;104:10288-10293

Figure 5.2.5. Factors in the Kaya identity, F = Pgef = Pgh, for nine regions. All quantities are
normalized to 1 at 1990. Intensities are calculated with GPi (PPP). For FSU, normalizing GPi in
1990 was back-extrapolated. D1, D2, and D3 refer to Developed, Developing and Least-Developed
countries, respectively.

5.2.2. Trends n Aerosols and Aerosol/Tropospheric Ozone Precursors

As noted in the radiative forcing diagram cited in the introduction, aerosols and tropospheric
ozone also can contribute substantially to climate forcing. Trends in atmospheric aerosol loading,
and the asociated radiative forcing, are influenced primarily by trends in precursor emissions.
Tropospheric ozone concentrations are impacted by a variety of emissions, including nitrogen
oxides, carbon monoxide, volatile organic hydrocarbons, and methane. Tirend4970 of these
emissions are shown in the Figure 5.2.6.

A major aerosol precursor is sulphur dioxide, which is emitted primarily by fossil fuel combustion,
but also metal smelting and other industrial processes. Global sulphur emissions peaked in the
1970s, decreased over the 1990s, and increased slightly to 2005, driven in large part by emissions
from China. Uncertainty in global SO2 emissions over this period is estimated to be relatively low
(£10%), although regional uncertainty can be hig8erith et al., 2011)Global emissions from
20052010 have not been comprehensively assessed, but may not have changed substantially, as
emissions from China appear to have flattened, and emissions from OECD countries comtinued t
fall(Lu et al., 2011 Accessed May 1, 2012; UNFCCC, 2012)
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Emission Trends
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Figure 5.2.6. Time trends for global emissions for anthropogenic and open burning, normalized to
1985 values. Data from EDGAR 4.1, except for SO2 from (Smith et al., 2011).

A recent update of carbonaceous aerosol emissions trends (black and organic carbon) found an
increase from 1970 through 2000, with a particularly notable increase in black carbon emissions
from 1970 to 198(Lamarque et al., 2010These emissions are highly sensitive to combustion
conditions, however, which results in a large uncertainty, estimated by Bond et al. to be roughly a
factor of twa(Bond et al., 2004)This implies aignificant uncertainty in emission trends over time,
but this has not been quantified. Emissions from 2000 to 2010 have not yet been estimated, but
will depend on the trends in driving forces such as residential biofuel and coal use and petroleum
consumpiion for transport, but also changes over this time in technology characteristics and the
implementation of emission reduction technologies. According to IEA and BP statistiasse
petroleum consumption in developing Asia, Middle East, Africa, anch@outrica has increased
steadily from 2002010 L 9! = HwAamMmT a.t {GF GA &G A Buildng w8 0A S g
consumption has been relatively constant, while residential biomass trends are not well
constrained. Counter to these ireases are increasing implementation globally of pollution

controls, particularly for the transportation sector. The net effect on black carbon emissions trends
is unclear.

Tropospheric ozone is also a contributor to anthropogenic forcing, and global emsisgiozone
precursor compounds are also thought to have increased over the last four decades. Substantial
inter-annual variability in CO and NMVOCs estimates are due to forest and grassland burning.
Global uncertainty has not been quantified for theseigsions.Schopp et al2005)estimated an
uncertainty of 1620% for 1990 NOx emissions in various European couf®chépp et al., 2005)
Methane emissions also impact background tropospheric ozone REE, 2001)

5.3. Drivers of global emissions

Over the last four decades, the world has gone through rapid changes. Global population has been
doubled since 1970s to about 7 billitszday, and per capita income in PPP has increased by 80%,
leading to over 3.5 folds increase in Gross World Products in PPP. During this period, global GHG
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emission in GWP100 has increased by 80%. What were the drivers of global GHG emission
increase, andvhat analytical framework do we need to identify them?

In this section, we first provide a brief overview of the major drivers identified in the literature.
More detailed reviews on each driver will be given under respective sections of this chapter.
Seond, we propose a framework to identify the drivers of global GHG emissions. Third, we
present the main findings under the framework.

In general, drivers of global GHG emissions refer to the human activities that directly or indirectly
cause GHG ens®ns. While there is no general consensus in the literature, some literature
distinguish proximate versus underlying or ultimate driyseg e.g., Angel et al., 1998; Geist and
Lambin, 2002)where proximate drivers are generally the activities that are direstiglosely

related to the generation of GHGs and underlying or ultimate drivers are the ones that motivate
the proximate drivers.

As it will become obvious as this section proceeds, neither there is a unique method to identify the
drivers of climate chargy nor can they always be objectively defined: human activities manifest
themselves through a complex network of interactions, and isolating a clear-eamaseffect of a

certain phenomenon purely through the lens of scientific observation is often difficuerefore,

GKS GSNXY>X GRNAGSNE Aa dzaSR Ay GKA& aSOGAiazy y
AYRAOFIGS al 23a20AliA2yé¢ (2 LINPOARS AyaArdakiaa 2
emissions.

Here we briefly review the literature #t deals with the drivers of GHG emissions. Table 1
summarizes the review and provides a qualitative confidence statement regarding the drivers of
global GHG emissions reflected in the literature.

Consumption

Multitude of literature identified consumptio expenditures as one of the key drivers of GHG
emissiongMorioka and Yoshida, 1995; Munksgaard et al., 2001; Wier et al., 2001; Hertwich and
Peters, 2009a)Consumptiorbased accounting allocates Gld@issions from production activities
to intermediate and ultimately final consumefSuh, 2004; Huppes et al., 2006; Hertwich and
Peters, 2009a; Davis and Caldeira, 200@nsumption activities can be further divided into
congumption per region (e.g., country), per product and per household type. Many studies of this
line identified the consumption by wealthy nations as a key driver of global GHG emissions
(Hertwich and Peters, 2009b; Davis and Caldeira, 2Qit@)yature also highlighted the growing
consunption of emerging economi¢Beters et al., 2007; Minx et.aP011) Frequently identified
product categories of which final consumption is identified as a major contributor include food
and food services, energy and electricity, housing, and transpori@tigmpes et al., 2006; EPA,
2009; Hertwich et al, 2010)

International trade

Consumption in wealthy nations induces production activities and associated GHG emissions not
only within those nations but in other natisrthrough international trade. Multitude of recent
studies therefore identified international trade as a driver or enabling factor for global GHG
emissiongWeber and Matthews, 2007; Peters and Hertwich, 2008; Li and Hewitt, 2008; Yunfeng
and Laike, 2010; Peters et al., 2011%9me liteature highlighted the leakage effects, where

tougher GHG emission regulation of a country leads to increasing imports from the countries with
less stringent GHG emission regulat{®eters and Hertwich, 2008; Davis and Caldeira, 2010;
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Peters et al., 2011afurthermore, international trade promotes economic growth, which in turn
enables an increase in GHG emissions.

Fram an economic theory point view, however, international trade contributes to a more efficient

allocation of resources, which may help mitigate GHG emisgi@enstra, 2012)ncrease in

international trade generally accompaniescaterated spilover of advanced technologies and

increase in Foreign Direct Investment (FDI), which are generally viewed more favorably from the

GHG emission mitigation point of vigieller, 2009)Besides, like many other driveitsis often a
jdzSaidAz2y 6KSGKSNI AYUGSNylragaAzyrt GNIFRS Aa&a | RNAOGSN
production and consumption activities from different nations.

Population

Population growth has long been recognized as a major driviieg faehind growing global

environmental impacts including GHG emissior@ K NI A OK | yR | 2f RNBY.Z mdpTtmI T
It is important to recognize that multitude of other drivers for GHG emissions identified in the

literature are not independent from population growttvhich has been a highly conspicuous,

persistent, seemingly irreversible underlying change throughout the last a few centuries.

Urbanization

Literature recognized urbanization as a source of GHG emissions as well as a way to mitigate them
(Dodman, 2009b; Satterthwaite, 2009)creasing urban population and its consuroptbbviously
contribute to the growing GHG emissions, while urban infrastructure including housing, energy

and transportation enables achieving higher efficiency.

Humanbehaviour

Human behavioural change is arguably the most fundamental source of chfuagj@sluence all
human activities including reproduction and consumption, and its psychological and cultural
contexts have been recognized as a driver to the changes in global GHG enfiasiotts, 1998;
Swim et al., 2011)

Economic growth

The connection between economic growth and environmental degradation has lomg bee
recognized in the literaturéGrossman and Krueger, 1994; Arrow et al, 1996; Stern et al., 1996;
Blodgett and Parker, 2010)

While economic growth has been identified as a major underlying driver of globak@id&on

(Lim et al., 2009; Carson, 2018pme literature recognize esomic growth as a way to mitigate

GHG emission or GHG emission intensity on the ground of, so called, Environmental Kuznets Curve
(EKC) hypothesis. The theoretical ground and empirical evidences of EKC have been(&édrated

et al., 1996; Suri and Chapman, 1998; Dasgupta et al., 2002; Harbaugh et al., 2002; Sari and Soytas,
2009; Carson, 2010Empirical studies that confirm EKC hypothesis are gepdrasled on direct
emissions per Gross Domestic Products (GDP), while studies that incorporajeli@missions

(both direct and indirect supplghain emissions) do not generally confirm EKC hypothesis. Direct
emission intensity may decrease as incomaag due to such causes as technological

improvement, regulation, out sourcing, changes in economic structure. For instance, structural
change toward a more serviggiented economy takes place as an economy grows, which

generally entails lower GHG emigsiatensity. When suppighain emissions and overall volume

of consumption are taken into account, however, service sectors are shown to contribute major

part of GHG emissions of developed nati¢gsh, 2006; Nansai et al., 2009)
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Energy use

Carbonbased fossil fuels are the dominant source of energy for industrial, commendal a
household activities as well as for transportation and power generation. Therefore combustion of
fossil fuel is directly responsible for emissions of,@@ dominant GHG. Emissions of other GHGs
including Clland NO are also associated with energgt®ms. Energy use has been studied as a
major driver of global GHG emissidigier, 1998; Malla, 2009a; Bolla and Pendolovska, 2011)
Energy use can be furthdivided into various energy use categories, and each can be further
decomposed into underlying drivers. For example, GHG emissions from transportation can be
further decomposed into e.g., average driving distance per household, number of households,
mode of transportation, fuel economy of mode, and carbon intensity of {i@hilsina and

Shrestha, 2009; Bishins et al., 2Q11)

Decomposition of contributing factors

Overall change in GHG emissions can be decomposed into contributing factors. As frequently
mentioned earlier in this chapteKaya identity decomposes the overall GHG emission into
population, GDP per capita, energy consumption per GDP and GHG emission per energy
consumptiorfRaupach et al., 200RRaupach et al., 200ghlighted the rapid increase in per

capita GDP anpopulation as the major factor of increasing global GHG emissions, while the
authors also observed significant regional variations. The IPAT equation decomposes the overall
impact into population, income per capita and impact per incdilerlit and Holdren, 1971a)

The Kaya identity is a productidrased approach. Although the IPAT equation can be interpreted
either as a production or consumptidrased approach, we regard the IPAT equation as a
consumptionbased decomposition approach, whiclilvee elaborated in the next section (5.3.1).

Another frequently applied approach in an inpaitput framework is the Structural

Decomposition Analysis (SO&reening et al., 1997; Ang, 2006; Wood, 2008 approach

enables quantifying the contributions of multiple factors to overadiGemissions. For example,

SDA can be designed to allocate the overall changes in GHG emissions to e.g., changes in carbon
intensity of a fuel type, fuel mix, overall volume of fuel consumption, economic structure, final
demand composition and final demdwolume. Studies often identified the changes in volume

and composition of final demand and economic growth as the major contributors to overall GHG
emissiongWier, 1998; De Haan, 2001; Kagawa and Inamura, 2001; Peters et al., 2007; Nansai et
al., 2007; Lim et al., 2009; Wood, 2009; Dong et al., 2010; Minx et al., 2011)

Multiple drivers and their interactions

It isimportant to note that most of the literature identified more than one drivers and many also
recognized the interdependencies between théaAngel et al., 1998; Kagawa and Inamura, 2001;
Peters et al., 2007; Nansai et al., 2007; Raupach et al., 2007; Malla, 2009b; Timilsina and Shrestha,
2009; Wood, 2009; Feng et &009; Baiocchi and Minx, 2010; Blodgett and Parker, 2010; Davis

and Caldeira, 2010; Mitchell, 201For example, economic growth, demographic changes, energy
use and consumption expenditures are all mutually interlinked, and drawing a causal relggionshi
between them is often a question of where to start in the circular network. Given the difficulties in
drawing exact causal relationship between drivers, the question of drivers is inseparable from the
guestion of ethics and responsibility.

Furthermore,it is obvious that many of these drivers can be further decomposed into various
subcomponents. For example, changes in GHG emissions due to changes in energy consumption in
general can be further decomposed into changes in population, in per capita amsFgin energy

mix, and in GHG emission intensity for each energy type. Similarly, the influence of transportation
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can be further decomposed into population, per capita transportation requirement, modal shift,

fuel efficiency of each mode, GHG emissioensity of each fuel type. Household consumption

expenditure of a country can also be further decomposed into income groups, age groups, and

regions.

¢ KSNBEF2NE GKS jdzSaGA2ys aoKFEG A&d GKS RNAGSNI 2F 3
contextof scale, level of detail, and the starting point, which will be efated in the following

section.
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Table 5.3.1. Major drivers identified in the literature and their relationships with others*

Major drivers
identified in the

Direct association among selected drivers (inducement from row to column)**

Qualitative uncertainty

literature Consumption| International | Population | Urbanization Human Economic Energy use term*++

trade behavior growth
Consumption 1) N (1) Well established
International trade 1)) 13) 13) Competing explanations
Population 1 1 T 1 Well established
Urbanization T T N Competing explanations
Human behavior T T T T Speculative
Economic growth 1 b 1 1y 1 Well established
Energy use 1 Well established
*A synthesisrfom around 40 literature.
FF !'33a20ALGA2y 0SG6SSYy GKS RNAGSNE A& YINJSR 08 LR2aAONBS aBESRODOBYRRIAA 2K

mixed evidences that can affect either way)(

*** Uncertainty term desctbes the level of confidence for the statement that the subject is a major driver of global GHG emission based on (1)ahe leve
agreement in the literature and (2) abundance of evidence.
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5.3.1. Framework of analysis

Identifying key drivers to globalH& emission needs a superstructure of analysis that defines

the scale, level of detail and the starting point. In this section such a superstructure is proposed,
under which key drivers of global GHG emission are identified. We introduce a hierarchical
structure that provides a perspective when analyzing drivers of different level of decomposition
following Suh et al. (forthcoming). Using a hierarchical structure, drivers can be identified at
each level. For example, global population increase can be raat@dzero order or root driver,
change in GHG emission intensity in the U.S. as a first order driver, and change in GHG emission
intensity in the U.S. due to fuel mix change as a second order driver with cduatry

combination. We also distinguish prodiom-based and consumptichased approaches and

use them in parallel.

Fig. 1 illustrates how a hierarchical structure can be established. The order of decomposition is
defined simply by the number of indices specified in the decomposition. For examphgecima

fuel mix () of power generationj) of a countryij is a fourth order driver, as it needs to specify

at least three indices. The particular choice of indices in each order of decomposition in the
figure is shown only for illustration, and othermbinations of indices are possible.

Productionbased approach

We start with the welknown Kaya identity, which appears on the top left of fig. 1. At a global
level,the Kaya identity can be written as

(1)

p G EF® p
pc g 19

F? is global GHG emission from productietivities, Pis worldpopulation,Gis global
producing activities generally measured in Gross World Product per capit&,isedergy use.
Gcan be measured either in market exchange rate or in BFPHE G, andF"/Eare noted ag,
e andf, respectvely followingRaupach et al., (2007)heEterm in the Kaya identity can be
cancelled out further simplifying it t(Raupach et al., 2007)

(@)

Fir) =

) G EF#)
F(®)=p_"— = Ppgh
r ¢ 9

F?/ Gis noted ash following Raupach et al., (2007)sing equation (2) total global GHG emission
is decomposed to three root level drivers. Taking a natural log for proportional growth rate of

FP)-
3)

| AFEY : (ap) o (ﬁg) o (ﬁ.h)

n ol n P n P n W
Each righthand-side term in equation (3) can be used as a basis to identify key drivers to overall
change in global GHé&nission.
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Figure 5.3.1Hierarchcal decomposition of global GHG emissions with examples
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The Kaya identity can be calculatied each region or for each GHG emitting sectpr

(4)
'w}
o0 -3k

E

'rﬂ}
DRIENeS
r G

This level of decomposition is referred to as first order decomposition and the drivers identified in
this level are referred to as first order drivers.

Two issues are noteworthy in the formulatiof Kaya identity discussed thus far. First, it is notable

that eq. (1) is suitable only for energglated GHG emissions. Enemgyated activities are the

dominant source of GHG emissions. Nevertheless, it is not suitable to examiemem@y GHG

emitting activities such as land use and land cover change, enteric fermentation, and Nitrogen
fertilizer use. This problem can be easily solved either by using eq. (2) instead or by adding one more
term to the righthand-side of the eq. (1) that describes nenergy GHG emitting activities. The

latter approach is practical and can use the same decomposition principles described in this section,
but it is not shown in the figure for the sake of simplicity.

Second, even within the scope of enemgyated GHG emtiing activities, there is a disconnection
betweenGandEin eq. (1). In principlei should serve as a measure of energy using activity, which

is generally measured by Gross World Product or GDP. However, significant part of the energy using
activities des not constitute the Gross World Product or GDP. For example, use -ofiamiet fuels,

which is an important source of energy for many developing natffghang et al., 2010; Zha et al.,

2010; Zhang and Chen, 2010; Yang and Suh, 2&id other household activities that generate

GHGs such as passengar driving are not easily measured by Gross World Product or GDP. As

these activities and their changes become important part of the overall emissions and their changes,
DNR&& 22NIR t NPRdzOG Q& 2NJ D5t Q& SELJX wodld beédmN& L2 6 SN
more obvious when the Kaya identity is sliced into GHG emitting sectors later in this section. Those
activities that cannot be adequately measured by Gross World Product or GDP can be calculated
separately and then added to the main decompiositresult. Appropriate units can be employed for
those activities. The hierarchical structure is still maintained for those additives based on the
number of indices specified.

Consumptionbased approach

The I=PAT equation i£hrlich and Holdren, 197 1egfers to expenditure in the place that the Kaya
identity does production. Here we propose an extended I=PAT equation as a consumption based
approach.

Productionbased and consumptichased decompositions ar@mplementary to each other.
Consumptiorbased approach takes a litycle perspective, and allocates GHG emissions

'Drivers can be newly inserted, subtracted or reordered to enable additional insight. For example, suppose
that the world is divided intotworegignz ! ' yR . ® wS3IA2Yy ! Qad DI D SYAaaAz2y
region B was 0.5kg/$ at year = 0. At year = 1, GHG emission intensities of region A and B were reduced to

2.5kg/$ and 0.3kg/$, respectively but the regions share of Gross World Proalsichlnged from 0.2:0.8 to

0.4:0.6 during the same period. As a result, average GHG emission intensity increased from 1kg/$ to 1.18kg/$.

In this case, using equation (3), the result may identify increase in GHG emission intensity as a driver that
increase®verall GHG emission. In reality, however, GHG emission intensity has been reduced in all regions,

and what has changed was the regional composition of Gross World Product. In this case, the effect of regional

. ’ g FP)
mix of Gross World Product can be isolateddyrdering the drivers such thate® = Z:F;'ﬁ:' =¥ G%T
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throughout the supply chain to final consumption expenditure. At the global level, the total GHG
emissions can be decomposed into zero ordigvers such that:

(5)
) Flel
FI‘E} = FE?= F}Tﬂ‘l
F9is the lifecycle GHG emission by global final consumption expendiRigethe world population,
Yis the global final consumption expendituggs the global consumption expenditure per capita,
andm is the lifecycle GI& intensity per dollar. Proportional rate of growth in logarithmic form is
given by:

(6)

| AF(e) 1 (ﬁP)H (ﬁ.;,)ﬂ (ﬁ.m)

n e | n D n y n -
The extended I=PAT equation in (5) can be calculated for each consumingrregimn each
commodity consumed:

(7)

- T - 3o}
pp y
_ u:c}_z Yka
= F = prEk
PR b

&

k
As shown in Fig. 1, the consumptibasedapproach can use various ways of decomposing the total
GHG emissions. Consumptibased approach can better represent household activities such as
passenger car driving by incorporating associated GHG emissions to consumption categories. Like
Kaya identiy, however, any GHG emitting activities that are not connected to monetary
consumption expenditures such as subsistence farming cannot be adequately represented by
consumptionbased decomposition.

Decomposition methods

The contribution by each driver sde analyzed using various decomposition methods. In our
analysis, we employed the Logarithmic Mean Divisia Index (LMDI) | mg&hgd2006, 2007, 2008)
Using LMDI, the ovellachanges in GHG emission by a driver can be calculated by

(8)
AF,
AF = Z (ln(ﬂst} )1:1(.&@}

Or
)

AF,
AF = Z (ln(ﬁF,-,;} )mm@x}

Indexx can be any index specified in the decomposition form@aan be any potential driver
identified in the decomposition formula. Equation (8) is used for overall level tencts as
population in equation (7), and equation (9) is used for the rest. Decomposition of the terms with
multiple indices can be done separately and then added to make up the total change. Relative
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1 contribution by each driver can be calculated by relgtihe result with the total change in GHG
2  emission.
3 5.3.2. Key drivers
4 Analysis is to be completed using newly developed data compatible to the data spine. Following
5 graphics are shown only as an example. Key drivers will be identified for each level untd third
6 fourth level.
Decomposition Growth of CO, Emissions from Energy, 1990-2005
BO.0%
60.0%
A0.0%
2000%
. i Couniry1
0o & Couniry2
C02 change Population effect |nl:l)ll'EEf[BZt Energylmen;dyelﬁa[:t Carbon intensity effect Couniry3
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7 -B00%

8 [Note fromTSU captionfor this Figure (5.3) to be inserted by authg}y

Decomposition Growth of CO, Emissions from Energy, 1990-2005
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5.4. Population and demographic structure

The Kaya identity discussed in Section 5.8ides two terms related to population as a driver of

GHG emissions: size (the number of peapéxplored in this section) and affluence (income per
capitag analysed in the next section). The population size term suggests that emissions move
proportionally with population but this section shows that various demographic processes
(urbanization, aging, changes in average household size) are at work behind the plain average per
capita emissions.

5.4.1. Population trends

Each person added to the global populatiorrgases GHG emissions but the additional contribution
varies widely depending on the sog@gonomic and geographic conditions of the additional person.
Global CO2 emissions from fossil fuel combustion have been growing slightly below the growth rate
of glokal population in most of the 198R005 interval but they have accelerated towards the end of
the period. There is a 5ld difference in per capita emissions between the highest (USA) and
lowest (least developing countries) emitters across the nine gi@gabns analysed bRaupach et

al., 2007)

Aggregating population and GHG emissions data according to the five IPG&iB&S, Figure 5.4.1

shows that between 1971 and 2008 population growth was fastest in MAF; GHG emissions have
increased most in ASIA while changes in population and emissions were modest in OECD90 and REF.
The evolution of total population and per captBHG emissions in the same period is shown in

Figure 5.4.2. With some fluctuations, per capita emissions have declined slightly from rather high
levels in OECD90 and REF, decreased somewhat from relatively lower levels in LAM and especially in
MAF, while mee than doubled in ASIA. These trends raise concerns about the future: per capita
emissions decline slowly in higimission regions (OECD90 and REF) while fast increasing per capita
emissions are combined with relatively fast population growth in ABb#h, 2012)
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Figure 5.4.1. Indices of changes in population and total GHG emissions in the five IPCC RCP regions
between 1971 and 2008. Source: (Toth, 2012).
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Figure 5.4.2. Trends in population and per capita GHG emissions in the five IPCC RCP regions
between 1971 and 2008. Source: (Toth, 2012).

An increasing number of studies assess the role of various demdgraiptibutes by applying the
STIRPAT approach (Stochastic Impacts by Regression on Population, Affluence and Technology;
(Dietz and Rosa, 1997Jhose reviewed by Qb SA f £  &iifirmleérlier observatioasithat
population size is proportional to GHG emissions, although the elasticity values (percent increase in
emissions per 1 percent increase in population)sizey widely: from 0.32MartinezZarzoso and
Maruotti, 2011)to 2.35(Liddle, 2011)although the dependent variable of the latter was CO2
emissons from all domestic transport activities, not total CO2 emissions. Differences in statistical
estimation technigues and data sets (countries included, time horizon covered, the number and kind
of variables included in the regression model and their fidasdinkages to excluded variables)

explain this wide range. Yet most recent studies find more than proportional increase of emissions
triggered by the increase in population: the elasticity values estimatdg?bymanyvong and

Kaneko, 2010jange from 1.12 (higincome countries) to 1.23 (middle income) to 1.75 dow

income) while the overall elasticity of 1.43timated by(Jorgenson and Clark, 20X¥eaks down

into opposite regional values: 1.65 for developed and 1.27 for developing groups. The contradicting
results concerning whether an additional rich or poergon contributes more to increasing GHG
emissions indicate the current status of knowledge in the attribution assessment based on
decomposition techniques.

The gap between these coefficients and linear proportionality (coefficient of 1) imply that papulat
growth goes hand in hand with structural changes that affect emissions (e.g. ageing), but that these
are not fully captured in the statistical analysis. As the omitted variables are not identified, it is yet
unknown whether they act as transmission ohals, or that the correlation is spurious. To establish
expectations on future emissions and its relation to population growth, there is need for further
statistical studies that explicitly deal with the transmission channels.

5.4.2. Trends in demographic struate

5.4.2.1. Urbanization

Income, lifestyles, energy use (amount and mix) and the resulting GHG emissions differ considerably
between rural and urban populations. Urbanization has been one of the global megatrends in recent
decades that makes it a potential drivefrincreasing GHG emissions. Over the period from 1970 to
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2008 the global rate of urbanization has increased from 36% to 50% but the linkages between
urbanization and GHG emissions trends are complex and involve other factors such as the level of
development, rate of economic growth, availability of energy resources and technologies and
others.The multivariate IPAT studies reviewed by h Qb S @d1@)estiEnéte diastidity values
between 0.02 and 0.76, indicating almost negligible to significant but still less than proportional
increases in GHG emissions as a result of urbanization. Regional differences between changes in
urbanization rates and GHG emissions are presented in Fsgli@showing that emissions were
increasing much faster than the rate of urbanization in ASIA while a virtually constant urbanization
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Figure 5.4.3. Trends in urbanization rates and total GHG emissions in the five IPCC RCP regions

between 1971 and 2008. Source: (Toth, 2012).

Two main types of analyses explore the impacts of urbanization on GHG emisgletaslinThe first
type of studies counts all emissions associated with all activities in urban areas, including the
production of goods and services, irrespective of the place of their final consumption. The second
type of studies looks at emissions framban households and compares them to those in rural
areas. Both are relevant to policy: the first one shows the impacts of changing economic structure

and location on emissions, the second indicates emissions driven by urban incomes, lifestyles and

energyuse.

Many studies observe that GHG emissions from urban regions differ extensively between cities, but

that measurements are also widely dispersed due to differences in accounting methods, the
coverage of GHGs and their sources, and the definition afrudgseagDhakal, 2009)A comparison

of GHG emissions in ten global cities by considering

geophysical factors (climate, resources, gateway

status) and technical factors (urban design, electricity generation, waste processing dfiios v

outstanding factors, e.g. the level of household income is important because it affects the threshold

temperature for heating and cooling of the residential area . The use of high versgaitban
sources for electricity production, such as locategional nuclear power, is an obvious important
driver for urban GHG emissions in several global cities in the examined sample.Transport related

factors include the extent of public transport system within the city. GHG emissions associated with

aviationand marine fuels reflect the gateway status of cities that, in turn, is linked to the overall

urban economic activitgKennely et al., 2009)

The contribution of cities to GHG emissions is exaggerated because of misinterpreting the system
boundaries and globally less than 50% of GHG emissions originate within city boundaries. Accounting
for the location of the final energy used & 2 OA I 1 SR A (I K

larger but one should also take into account that a part of that energy (and thus the related
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emissions) is used to supply goods and services to rural populations and$agasthwaite, 2008)

In a sample including European, North and South American, and Asian municipalities, per capita GHG
emissions in cities are neiderably below the national per capita emissions (30 to 82%) except for
Beijing and Shanghédodman, 2009a)

Direct measures of the fct of urbanization on emissions remain difficult due to the system
boundary problems. An alternative is to measure the effect of urbanization indirectly, through
statistical analysis of national emission data and its relation to national urbanizatiotstr&n

analysis of the effects of urbanization on energy use and CO2 emissions over the periD@975
for 99 countries, divided into three groups based on GDP per capita and explicitly considering the
shares of industry and services and the energyrisity in the CO2 emissions concludes that the
effects depend on the stage of development: the impact of urbanization on energy use is negative
(elasticity 0f-0.132) in the lowincome group, while positive (0.507) in the medimome and

strongly positivg0.907) in the higlincome group. Emissions (for given energy use) are positively
affected in all three income groups (between 0.358 and 0.fR8umanyvong and Kaneko, 2010)

An extended analysis of the urbanisatiemissions linkage assesses the secortdkr effect of
urbanization and finds that, all other things equal, in the early phase of urbanizatiasiens

increase while further urbanization is associated with decreasing emigdtarinezZarzoso and
Maruotti, 2011) This finding is important to consider when extodating past emission trends,

based on past urbanisation, to the future, together with other related factors.

In addition to recognizing the generic woshdde patterns, it is important to understand the impact

of urbanization on GHG emissions in the twost populous countries of the world, India and China.

A comparison of household energy transition in India and China concludes that, despite differences
in the amount of residential energy consumption (twice as much in China than in India), access to
eledricity (almost universal in China, only 90% in urban and just above 50% in rural India) and other
aspects, patterns of the transition to modern fuels are similar: urban households in both countries
utilize much larger shares of commercial energy, inclgidilectricity(Pachauri and Jiang, 20G8)d
Pachaur{2012)for both countriesRao and Reddy (200f9r India.

Anindex decomposition analysis exploring five factors (CO2 emissions coefficient, energy
substitution, energy intensity, income and population) driving urban and rural CO2 emissions in
China between 1991 and 2004 concludes that the population effect inadeasedential CO2

emissions in urban China but decreased it in rural Cfziha et al. 2010)Another study of the

impact of six factors (population, urbanization, carbon intensity, compositeelisas urban and

rural per capita consumption) on indirect CO2 emissions finds that between 1997 and 2007 urban
per capita consumption exerted the largest impact on emissfbinset al., 2011)Per capita

commercial energy wsis found to be 6.8 times higher in urban areas in China where in the 35
largest cities containing 18% of the population amounted to about 40% of energy use and GHG
emissions of the national totals in 20(Bhakal, 2009)An IPAT masl covering urbasural

households in five regions in China finds that larger incomes, living space and higher rates of
electrical appliances in urban households lead to higher per capita emissions than in rural areas
(Feng et al. 2009)n contrast, a shocks decomposition analysis concludes that urbanization in China
has been associated with energy savings and declining emigBiong and Yuan, 201Det another
study finds that CO2 emissions in rural areas of China were increasing between 1979 and 2007,
largely due to increasing use of commercial energy (coal and electricity). If biomass energy is
ignored, the share of CO2 emissions in the nationall tfutilows an inverted $haped path and

reached a peak at 47.4% in 2000. By including biomass energy, CO2 emissions from rural energy use
fluctuated between 45 and 56% between 1979 and 2001 and started to decline in 2002 but was still
at 41% in 2007Zhang et al., 2010A survey of energy consumption of rural households in a small
region finds that biomass, coal and LPG are tlhstmommon fuels and there is no correlation

between income level and energy consumption although households with higher incomes clearly
prefer LPG usélonooka et al., 2006)
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In fast growing and urbanizing developirauotries urban households tend to be far ahead of rural
households in the use of modern energy forms and utilize much larger shares of commercial energy.
Urbanization thereby involves radical increases in household electricity demand and in CO2
emissions a long as electricity supply comes from fossil, especially coal based power plants.
Transition from coal to lovearbon renewable and nuclear electricity could mitigate the fast

increasing CO2 emissions associated with the combination of fast urbanizatidherelated

energy transition in these countries.

5.4.2.2. Age Structure and Household Size

Studies of the effect of age structure (especially ageing) on GHG emissions fall in two main
categories with seemingly contradicting results: overall macroeconomicestagid householtevel
consumption and energy use patterns of different age groups. A national scale &wengymic

growth model calculates for the USA that aging tends to reducetirmg CO2 emissions

significantly relative to a baseline path with egpalpulation levelgDalton et al., 2008)_ower

labour force participation and labour productivity would slow economic growth in an ageing society,
leading to lower energy consumption and GHG emissiohsQ b S A f f . ISdontrast, sbifliesH 1 m n 0
taking a closer look at the lifestyles and energy consumption of different age groups find that older
generations tend to use more energy and emit above average GHGs genp&his section reviews
studies about historical pathways in the second category. We emphasize that all results below are
conditional on income, and thus should be taken as an additional effect to the income generating
effect mentioned above.

A study ofthe impacts of population, incomes and technology on CO2 emissions in the period 1975
2000 in over 200 countries and territories divided into four income groups finds that the share of the
population in the 15864 age group has the least impact on emissiaregative impact in the high

income country group, positive impact at other income leyEbn et al., 2006)This is partly

consstent with the finding that energy intensity associated with the lifestyles of th842@and the

above 65 retiremenfige cohorts tends to be higher than that of the@% age group, largely

explained by the fact that this middiege cohort tends to live ilarger households characterized by
lower energy intensity on a per person basis and that residential energy consumption and electricity
consumption of the 65+ age group tends to be highéddle and Lung, 2010)\n extended analysis

finds that the agegroup 2034 has a higher demand for transport while the residential electricity
demand is positive correlated to the abaVe@ cohort. Ageing populations will decrease emissions
from transport while residential electrigitdemand will increase, visvis a situation with the same
population but without ageingLiddle, 2011)Data for 26 OECD countries in the period 12605

show that CO2 emissions rise as the shares in the total population of olderagiems (60 and

above) increase what is a clear indication that the cohorts born after 1960 have higher emission
intensity (Menz and Welsch, 2011)

{AYAE NI NBadzZ §a SYSNES F2N mn0andF®exaRincieashy | £ ¢ 9|
share of the 65+ age group in the total population leads to increasing energy consumption although
the aggregated data disguise midevel processes: ageing may well influence the structure of
production, consumption, transporsocial services and their locati¢¥iork, 2007)A more detailed
analysis of the factors affecting the energy consumption of the elderly (diversity, thermal efficiency
of housing, poverty, expenditures on leisure services and goods) cesdiat thermal comfort and
heating needs, domestic consumables and other lifestyle choices (leisure activities, long haul air
travel, etc.) may increase carbon emissions as the proportion of older households gets higher
(Hamza and Gilroy, 2011h Germany the increasing share of old people and their different
consumptions patterns (relative to those of younger age groups) significantly affect household
energy use and GHG emissions: energy for heating increasesobutwehicle fuel consumption
decreases, resulting in higher CH4 but lower CO2 and N20 intensities of consufiiptizenberg,

2009)
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Linkages between aging population and changes in residential energy demand are similas8Athe
the elderly use more residential energy than their younger counterparts (ceteris paribus, leading to
higher GHG emissions) but, with increasing energy prices, this becomes an increasingly important

financial issue for ther(iTonn and Eisenberg, 200Another study concludes that in the US CO2
emissions per person steadily increase with age and peak when people are in th@aghsni,

2011)

A closely related but largely unexploredus is the willingness to adopt energy conservation

measures. One study in Greece finds that people with higher electricity consumption and in higher

age groups are less willing to adopt emission saving meagsagdianou, 2007 his finding
indicates that the elasticity of demand is lower in an ageing society than in a young society.

Several studies assessed above indicate that part of the increasing emissions with age is due to the

differences in household size. A fiseuntry multivariate analysis of household energy requirement

confirms this(Lenzen et al., 2006)

It remains an open question by how much the houseHele| effects of increasing CO2 emissions as

a result of ageing population ivtounterbalance the declining emissions as a result of slower

economic growth caused by lower labour force participation and productivity. The balance is varied

and depends on many factors. The most important is changes in labour participation: ingreasin
retirement age in response to higher life expectancy will keep former retireragatcohorts (60+)

economically active which means that the implications of ageing for incomes, lifestyles, energy use
FYR SYAdaAizya | NB WLR a letirgd gopukafion thgnBes [eds. Dthétd (i A 2
important factors include the macroeconomic structure, key export and import commodity groups,

the direction and magnitude of financial transfers on the macro side, and on the health status,
financial profile and lifegle choices and possibilities of the elderly at the household level. This

makes it difficult to draw firm conclusions about the agergissions linkages.

Despite the widely varying magnitudes and patterns of household energy use due to differences in
geogaphical and technological factors, lifestyles and population density, age and house type affect
energy use positively while the effects of household size and urbanization tend to be negative, with

a few exceptions.

5.5. Consumption, production and trade pattes

5.5.1. Economic growth & development

Income has risen globally but there is much variation over time and regions as shown in the figures

below. Economic theory suggests that technological change is the keyelonglriver of growth but
capital stocks and resmce use have also tended to increase as part of the growth process.

Productivity is lower in developing countries than in the developed world and increasing productivity

might seem a way to raise incomes in the developing world with little emissions tink@eever,
actual such catclup growth in developing countries may be more capital and resource and,

therefore, emissiongntensive.The degree to which increased resource and energy use is necessary

to generate economic growth remains controversial asgitte impact of growth on emissions.

Global trends in GDP and emissions vary dramatically by region as shown in the figure:
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Figure 5.5.1. GDP per capita, GHG emissions per capita, and emissions intensity (GHG/GDP) for RCP
regions and the World, 1970-2005. 1970 = 100. GDP is computed in constant 2000 PPP adjusted US
Dollars.

Economic growth was strong in Asia and to some degree the OECD over the entire period and low in
Latin America. MAF and REF saw setbacks in growth related to the charigingf oil and the

collapse of the centrally planned economies respectively. However, all regions showed a decline in
emissions intensity over time. Emissions per capita grew in Asia and were fairly constant in LAM,
OECD90 and REF as well as globatlydenlined in MAF. Results would look different for energy

related CO2 emissions alone. These have increased in per capita terms globally over this period.
Also, the levels of these variables vary a lot globally as shown in the next figure:
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Figure 5.5.2. GDP per capita, GHG emissions per capita, and emissions
intensity (GHG/GDP) for RCP regions and the World, 1970-2005. GDP is
computed in constant 2000 PPP adjusted US Dollars

The Kaya identity simply treats economic output peritzaps a scale effect that has a one to one

effect on energy use and greenhouse gas emissions. But the Kaya identity is an accounting identity,
not a causal model and in reality the relationship between economic growth and emissions may be
more complex. Aditionally, economic growth is not exogenous but driven by various deeper
variables. The true nature of the relationship between growth and the environment and

identification of the causes of economic growth are both uncertain and controvégiin, 2011)

The sources of growth are important because the degree to which economic growth is driven by
technological change versus accumulation of capital and increased use of resources will strongly
affect its impact on emissions. In particylaatch up growth in developing countries might be more
emissions intensive than growth in technologically leading developed econ@daiesb et al., 2012)
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However, despite this, energy use per capita is strongly linearhglated with income per capita
across countriegKrausmann et al., 2008 the short run, it seems that energy intensity rises or
declines more slowly in the early stages of business cycles such as in theydomwethe global
financial crisis in 20020 and then declines more rapidly in the later stages of business ¢Joles
etal., 2012)

Mainstream economic theory points to technological change as the key driver of etogomwth in
the longrun (Aghion and Howitt, 2009 ountries vary in their distance from the frontier of
innovation and, therefore in their levels of productiv{gaselli, 2005Productvity is lower in
developing countries than developed countri@arente and Prescott, 200@eveloping countries
can potentially grow faster than developed countries by adopting technologies develop&helse

FYR aOF §OK dzLJ¥ G2 GKS LINRPRAzOGAGAGE fSIRSNBE® LyO?

world in the last several decades but there is much variation over time and regions, especially
among low and middleincome countriegDurlauf et al., 2005)The highest growth rates are found

for countries that are today at middiecome levels such as China and India (and before them
Singapore, Taiwan, South Korea etc.) that are in the process of converging-todugte levels. But
many developing countries have not participated in convergence to the developed world and some
have experienced negative growth in income per capita. Therefore, there is both convergence
among some countries and divergence among othedsabimodal distribution of income globally
(Durlauf et al., 2005 large literature attempts to identify why some countries succeed in achieving
economic growth and development and others iiDurlauf et al., 2005)Caselli, 2005)Eberhardt

and Teal, 2011But there seems to be little consensus as(fderhardt and &al, 2011) A very

large number of variables could have an effect on growth performance and disentangling their
effects is statistically challenging because many of these variables are at least partially endogenous
(Eberhardt and Teal, 201Ihis incomplete understanding of the drivers of economic growth makes
the development of future scenarios on income levels a difficult task.

Research on the role of resources and energy as drivers for economic growtbdramore limited
(Toman and Jemelkova, 200Resource economists have developed models that incorporate the
role of resources including energy in the growth process but these ideas generally remain isolated
the resource economics fiel8y contrast, heterodox ecological economists such as Ayres and Warr
(2009)often ascribe to energy the central role in economic gro{@tern, 2011)Some economic
historianssuch as Wrigle{2010) Allen(2009) and to some degree Pomera(2000) argue that

limited availability of highguality energy resources can constrain economic graavith that

relaxation of these constraints was critical for the emergence of the Industrial Revolution in the 18th
and 19th centuries. Stern and Kand2012)develop a simple growth model including energy

input and econometrically estimate it using 150 years of Swedish data. They find that since the
beginning of the 19th century constraints imposed on economic growth by energy availability have
declined as energy became more abundant, technologitahge improved energy efficiency, and

the quality of fuels improved. A large literature has attempted using time series analysis to test
whether energy use causes economic growth or vice versa, but results are very varied and no firm
conclusions can be @wn yet(Stern, 2011)

The effect of economic growth on emissions is another area of uncertainty and controversy. The
environmental Kuznets curve hypothesis proposes that environmental impacts tend to first increase
and then eventually derease in the course of economic development has been very popular among
economists but the econometric evidence has been found to be not very r@¥legyner, 2008)

More recent researclie.g. Brock and Taylor 201@gs attempted to disentangle the effects of
economic growth and technological chand®apid catclup growth in middleincome countries

tends to overwhelm the effects of emissions reducing technological change resulting in strongly
rising emissions. But in developed countries economic growth is slower and hence the effects of
technological change are more apparent and emissions grow slowdaline. But there is wide
variation in energy use and per capita emissions levels among countries at a common level of
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income per capita due to structural and institutional differendesliegrini and Gerlagh,
2006Matisoff 2008Stern, in press)These will be discussed in the following sections.

5.5.2. Production Trends

As economic development progresses, the shares of agrieyloanufacturing, and services in

output and employment changes in characteristic ways the income levels at which transitions
between industries occurs differs between countries. However, the sectoral shift to services has less
effect on energy use and essions than commonly thought. Increase in energy productivity in
manufacturing (and agriculture) is more important in reducing the energy intensity of the economy.
The transition from centrally planned to market economies has been an important factafning
emissions intensity in China and Eastern Europe

Over the course of economic development, as income grows, the share of agriculture in the value of
production and employment tends to decline and the share of services incréagegiin and
Chenery, 1989)The share of manufacturing tends to follows an investedath(Hettige et al.,
2000) The income levels at which these transitions occur appear to differ acrossiesufror
SEFYLX ST / KAYlI Q& &aKI NB

given its income levéWorld Bank, 2011)

2T aSNBAOS&a Ay D5t

But the sectoral shift away from the industrial sector to services redereryy use and emissions
less than commonly thought. Partly this is due to strong gains in productivity in manufacturing. The
productivity gain can be observed through the price of manufacturing goods, which has been falling
relative to the price of serviss for most of the time |
(Baumol, 1967)Because of the price decline, it appears that the share of manufacturing industry in
the economy is falling when in real output terms it might not(kender, 2005)When the relative
sizes of industrial sectors are computed in constant prices far less decline in the share of
manufacturing is foundHenriques and Kander, 2010he prodativity gains in manufacturing also
reduced in energy intensity in the sector. Also, not all service sectors are low in energy intensity.
Transport is clearly energy intensive and retail and other service sectors also depend on energy

intensive infrastruatre.

LKSy2YSy2y 1y26y |

Krausmann, Schandl, and Sieferle (260w that in the longun in Austria and the UKé phase
of the socieecological transition transforming the industrialcsety into the service economy or
postindustrial society did not lead to dematerialization (i.e. a declining use of materials and energy).
It was systematically linked to an increase in per capita energy and material consumption and the

integration of al parts of the economy into the industrial metabolism.

Iy R

a

Henriques and Kand€2010)study ten developed (USA, Japan, and eight European countries) and
three emerging economies (India, Brazil, and Mexico) and find a minor rad&dictural change in
reducing energy intensity, while the decline in energy intensity within industries is found to be the
main driver of aggregate energy intensity. Yet the decomposition is sensitive to the level of
disaggregation. A classic result ire throwth accounting literaturéJorgenson and Griliches, 1965)
that a finer disaggregation of inputs and outputs leads to lower estimates for technological change
and a larger role for substitutiobetween inputs and structural change. This is shown by Sue Wing
(2008) who using a much finer disaggregation of industries finds that structural change explained
most of the decline in energy intensity in the United Stat€@5812000), especially before 1980.

The transition from centrally planned to market economies is an important factor in the effect of
economic development, on greenhouse gas emissions. China serves as a case in point. It had a very
high energy intensity befe 1980, which decreased sharply between 1980 and 2000, as China
opened its economy through markéiased reforms and shifted away from the focus on heavy
industry growth(Ma and Stern, 2008FEnergy and emissions internsibse again from 2000 to 2005,
mainly due to the exhaustion of easy caigh opportunities in energy efficienggtern, in pressand
weakening of energy efficiency policy institutions over tifdbou ¢ al., 2010) On the other hand,
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The emission intensity has declined since 2005 as the central government hasdcdupe

ambitious energy and emissions intensity reduction policies but remains at a high lexe#ivior
SEFYLX S (GKS 9! RdzS (2 /KAyl Q& KSI g& RSLISYyRSyOS
only in these large movements of the past thidecades(Ma and Stern, 2008§Steckel et al.,
2011).

5.5.3. Consumption trends

Increasing consumption has been the key driver of greenhouse gas emissions over the last twenty
years. Betweerl990 and 2008, there has been a 3% reduction in the emissions from Annex B
countries taking a territorial perspective to carbon accounting while emissions associated with
consumption in Annex B has increased by 11% over the same time p@eidré et al., 2011a)
(Wiedmann et al., 2010)

Numerous studies have used structural decomposition analysis to quantify the impact of drivers
behind changes in greenhouse gas emissions over ith both developed and developing countries
(De Haan, 2001jPeters et al., 2007}Baiocchi and Minx, 201,QWood, 2009)(Weber, 2009) The
analysis has proved extremely useful in isolating the relationship between individual drivers of
greenhouse gas emissions. Thedées calculate the driver of emissions including the intensity per $,
shifts in production structure, as well as changes in the composition and the level of consumption
influence emissions. In most studies, changes in the level of consumption were gtesigraficant
driver of emissions. All the studies show that reductions in emissions resulting from improvements
in emissions intensity and changes in the structure of production and consumption have been offset
by significant increases in emissions réeglfrom the volume of consumption resulting in an overall
increase in emissior(®e Haan, 2001; Peters et al., 2007; Baiocchi and Minx, 2010)

Several countngpecific studies have also indicated consumption as being the key driver of
emissionsDe Haan, 2004&nalysis of the Netherlands demonstrated that final demand changes were
responsible for a 31% increase in emissiovsr 11 years (1987 to 199&)eters et al.(2007)
demonstrated an emissions increase of 129% over 10 years due to increases in final consumption in
China.Baiocchi and JC Minx(20X)alysis of the UK demonstrated that increases in final demand

led to an increase in CO2 emissions by 48.5% between 1992 and 2004. Employing the technique of
decomposition analysis indicates that productianissions from Annex B countries have fallen

slightly during the 1990s due to a reduction in emissions intensity that helped to offset increases in
consumption and population (see figure below). The two latter factors, however, prevailed in the
2000s leadig to a rise in CO2 emissions, reaching the same level in 2008 as in 1990. Consumption
emissions of Annex B countries rose faster than production emissions in the 2000s, clearly showing
that emissions embedded in export to Annex B countries if internalizedld increase the carbon
intensity of production emissions in these countries. Country level production and consumption
emissions for this analysis were taken fr@®ters et al. (201139nd statisticon GNE and population

from the World Development Indicators database compiled by the World B&fokid Bank, 2011)
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Figure 5.5.3: Change in Annex B and Non-Annex B countries production and consumption
emissions 1990 to 2008

5.5.4 Embedded carbon in trade

Between 1971 and 2010, world trade has grown by 10% a year on averagasaddubled nearly

every 7 yeargWorld Trade Organisation, 201The growth of world gross domestic product (GDP)

was significantly slower, with 3.1% per year on average. The ratio of world expgasds and

commercial services to GDP in real terms has increased steadily since 1985, and increased by nearly
one-third between 2000 and 2008, before dropping in 2009 as world trade fell as a result of the
Global Financial Crig#/orld Trade Organisation, 2011)

While information on the size of physical trade is more limifittrich and Bringezu (20163timate
that between 1970 and 2005 the pigal tonnage of international trade grow from 5.4 to 10 billion
tonnes.

At the same time trade openness has increased developing countries' participation in the global
economy. From 1990 to 2008, the volume of exports from developing countries grewteatigis

faster than exports from developed countries or the world as a whole, as did the share of developing
countries' exports in the value of total world exports. For example, between 2000 and 2008 the

G2t dyS 2F RSOSt 2Ly O Adwiile NaviGexportsinBredse By $0%4: Asig 2 4

is by far the most important exporting region in the developing country group, with a 10% share of
world exports in 1990 (US$ 335 million) which increased to 21% (US$ 2,603 million)(Wa069
Trade Organisation, 2011)

Between 1990 and 2008, global carbon dioxide emissions increased between 39% ahe 41%
Quere et al., 2009)Peters et al., 2011aYhe majority of this growth occurred between 2000 and
2008, representing 70% of the total growth in CO2 emisgibaRuere et al., 2009 2000, CO2
emissions were 10% higher than 19®e&ters et al., 2011aBetween 2000 and 2008, CO2 emissions
grew a further 29%. All of the growth in carbon dioxide emissions has occurred-lmax B
countries while CO2 emissions in Annex B countries have stabilisedyrowth relates to the rapid
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