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1

Introduction

Project background
In July 2008, DEFRA published a report prepared by the Stockholm Environment
Institute (SEI) and the University of Sydney on the carbon dioxide emissions
embedded in UK imports (Wiedmann et al., 2008a). The report and a subsequent
journal paper (Wiedmann et al., 2009) looked at developments in UK CO2 emissions
from three different perspectives:


Territorial emissions refer to emissions from UK territory as reported under the
United Nations Framework Convention on Climate Change (UNFCCC);



Producer emissions differ from territorial emissions in that they include
emissions from international aviation and shipping and some activities of UK
citizens abroad and exclude the corresponding activities of non-UK citizens in
the UK;1



Consumer emissions include all emissions released globally in the production
of goods and services consumed by UK domestic final consumption.
Therefore, they differ from producer emissions by including import related
emissions and excluding export related emissions.2

The report highlighted that, whilst the UK‟s territorial CO2 emissions have decreased
between 1992 and 2004, consumer emissions have increased considerably over the
same time period. This confirmed earlier findings of the Helm report (Helm et al.,
2007) and a study by Druckman et al. (2008). Wiedmann et al. (2008a) for the first
time used a multi-regional model-set up, which is deemed as most appropriate
approach for calculating the CO2 emissions embedded in imports (see Wiedmann et
al. 2009).
However, while SEI‟s report described the general trends in the UK‟s consumer
emissions, it was outside the scope of the project to analyse the underlying driving
forces. How much have changes in technological factors, consumption patterns and
population size contributed to changes in consumer emissions over time? What is
the impact of changes in the UK‟s trade balance? Have consumer emissions just
1

Producer emissions include emissions directly generated by UK households, although for the purposes of the
current report (from section 3 onwards) producer emissions are defined to exclude such emissions as they are
analysed separately.
2
Consumer emissions include emissions directly generated by UK households, although for the purpose of the
current report (from section 3 onwards), consumer emissions are defined to exclude such emissions, as they are
analysed separately.
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increased after a sustained period of economic success in the UK from additional
spending or has production also shifted to more carbon-intensive places?
Such an analysis is the focus of this project. It undertakes a structural decomposition
analysis of changes in UK CO2 emissions. It aims at the identification of behavioural,
technological and population forces driving the UK‟s producer and consumer
emissions. The analysis is based on the multi-regional input-output model developed
previously on behalf of DEFRA (Wiedmann et al. 2008), which explicitly accounts for
the structure of UK imports and the differences in production technologies across
three world regions (OECD Europe, OECD non-Europe, non OECD). The analysis
not only provides important information for supporting UK climate change policies,
but might also provide additional insights for future refinements of the model.
Decompositions cover the time period 1992-2004 with data for all 13 consecutive
years available and are provided for producer as well as consumer CO2 emissions
(see Section 3). The discussion is organised under a series of headline questions
agreed upon prior the start of the project:


What are the main drivers behind changes in UK producer emissions?



How have fuel use changes influenced trends in UK producer emissions?



How are UK sectors related to drivers behind trends in UK producer emissions?



What are the main drivers behind changes in UK consumer emissions?



What drivers in other world regions determine the trends in the UK‟s consumer
emission account? What is the influence of changing trade patterns?



What are the sectoral drivers of changes in UK consumer CO2 emissions?



Which product groups consumed in the UK are on a climate-friendly development
path?



What drives CO2 emissions directly released by UK households?

Project objectives
This project has the following three objectives:


Perform a structural decomposition analysis to understand the changes in UK
CO2 emissions between 1992 and 2004;



Summarise the methodological background and main results in a report;



Present the main findings of the study to DEFRA in a final project meeting.
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Relationship to climate policy
The aim of the report is to understand the drivers behind CO2 emissions in
the UK between 1992 and 2004. It was not the intention to
assess the effectiveness of UK Government responses to reduce CO2
emissions in the context of its international commitments. The overarching
framework for doing this is the United Nations Framework Convention on Climate
Change (UNFCCC) and the Kyoto Protocol to that Convention. Territorial emission
accounts are the agreed legal basis for reporting to the UNFCCC and for assessing
compliance with quantified commitments. This report has used different carbon
accounting methods to understand drivers behind CO2 emission changes,
sometimes adopting a production- and sometimes a consumption-based accounting
approach. As it was difficult to achieve consistency with officially published figures
for territorial emission accounts we have approximated these and only included them
in the Appendix.
Parties (developing as well as developed countries) to the UNFCCC have
recognised, through the Bali Action Plan, the need for deep cuts in
emissions to avoid dangerous climate change. The current negotiations
leading up to the 15th Conference of Parties in Copenhagen in 2009 will
decide future commitments and nationally appropriate mitigation actions
to reduce total emissions, including those covered by the producer and
consumer emission accounts. These two accounting principles are therefore best
regarded as complementary to the territorial emissions inventory. The producer
emissions indicator helps pinpoint the drivers behind changes in emissions rooted in
the way the UK economy provides goods and services to final consumers within the
UK and across the world. The consumer emissions indicator can help to identify the
driving forces behind changes in the worldwide impact of emissions from UK
consumption patterns.
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Literature Review

Over the past few decades, decomposition techniques (see Hoekstra and van den
Bergh, 2003) have proven invaluable in providing insight into energy use changes
(see, e.g., Boyd et al., 1988; Chen and Rose, 1990; Rose and Chen, 1991; Lin and
Polenske, 1995; Jakobsen, 2000; Kagawa and Inamura, 2001; Kagawa and
Inamura, 2004; Wachsmann et al., 2009, Weber, 2009). A similar series of studies
have applied decomposition methods to understand changes in emissions (e.g.
Common and Salma, 1992; Chang et al., 1998; Munksgaard et al., 2000; Seibel,
2003; Mukhopadhyaya et al., 2005; Wua, J., et al., 2007; Nansai et al., 2007; Peters
et al., 2007; Wood, 2009).
Structural decomposition analysis (SDA) quantifies changes amongst a well defined
set of structural components, which can help improving our understanding of the
determinants of that change in an economy. However, studies have employed
different approaches and have used different environmental indicators, data sources,
levels of aggregation, and sector definitions. This can produce a large variety of
results, sometimes with conflicting interpretations.
Most SDAs have focussed on changes over time, but some authors have also
applied SDA to understanding differences across countries (see De Nooij et al.,
2003; Alcantara and Duarte, 2004). The majority of studies have concentrated on the
analysis of past trends, while some authors have used it to understand better results
generated in a scenario approach (see Guan et al., 2009). SDA techniques have
also been used for forecasting and backcasting monetary and physical flows
(Hoekstra and van den Bergh, 2006). Due to the focus of this project we will
concentrate on those studies investigating past changes in energy use and
associated CO2 emissions over time.
One set of studies has directed attention towards the analysis of industry sectors.
For example, Ang. and Pandiyan (1998) decomposed energy-related CO2 emissions
in China, South Korea and Taiwan using an index decomposition approach based on
time-series data. Using four factors, emission coefficient, structural, fuel share, and
energy intensity, they found that reduction in aggregate CO2 intensities could be
attributed mostly to reductions in sectoral energy intensities. Other factors had a less
significant role.
The use of input-output (IO) tables enlarges the scope of these studies, by including
demand into the analysis, and by accounting for indirect emission effects. For
example, Mukhopadhyaya and Forssell (2005) break industrial emissions of CO2,
SO2, and NOx into four components, the pollution intensity or eco-efficiency,
technology or input-mix, composition of final demand, and the level of final demand.
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They found that the main factors that explained the increase in emissions were the
pollution intensity, technology, and the volume of final demand.
Other studies have incorporated imports and exports into their consideration. For
example, Chang and Lin (1998) decomposed the CO2 emissions into 15 factors and
examined their impact on the change in industrial CO2 emissions between 1981 and
1991 in Taiwan. The main factors for the increase of CO 2 emissions were found to
be the level of domestic final demand and exports – the latter having a low negative
impact on emissions (see also Chang et al., 2008).
Yabe (2004) decomposed the changes in the CO2 emissions for Japan between
1985 and 1995 into several components including environmental technologies,
demand for intermediate input, imports, exports, domestic final demand, and output.
They found that the large expansion in demand and output during the Japanese
boom economy are the main causes of increases in emissions. Intermediate input
decreased emissions by 32.2%. However, a fall in CO2 emissions embodied in
export turned Japan into a net importer of CO2 emissions.
In order to quantify the embodied CO2 emissions in imports, Yabe (2004) assumed
imported products to be produced with Japanese production technology. We have
already discussed in Wiedmann et al (2008a) the problems with such an assumption
in depth. Munksgaard et al. (2000) use input-output time series data for the period
1966-1992 to analyse the drivers behind CO2 emission changes triggered by Danish
household consumption, but also fall back to such a single region assumption for
estimating CO2 emissions embodied in imports. In fact, we did not find a single study
where this assumption was relaxed in the context of a structural decomposition
analysis for a country over time.
Hence, in this study we therefore provide the first SDA based on an environmentally
extended multi-regional input-output model to quantify the factor driving CO2
emission changes in the UK between 1992-2004 using data for 13 consecutive
years.
We further consulted the literature to learn from methodological difficulties reported
earlier. Problems occur in SDA exercises when production structures are specified in
hybrid units (see Dietzenbacher and Stage, 2006), which is an often preferred
methodological choice in input-output studies focussing on energy and related CO2
emissions. Production data solely recorded in monetary terms were used in this
study, recognising that this does not resolve issues associated with structural
inhomogeneity at a more disaggregated level.
Further challenges are posed in terms of the design of the SDA algorithm. Not all
algorithms are comprehensive and provide unique results (see Betts, 1989). They
further differ in the way they deal with the so-called arbitrariness problem associated
with the choice of the time index resulting in a plethora of equally adequate
decomposition formulas. Authors deal in very different ways with this issue – some
11

calculate the average of the two polar decompositions (e.g. Munksgaard et al., 2000;
Mukhopadhyaya and Forssell, 2005) and others derive the weighted average of all
possible combinations (e.g. De Haan, 2001; Rørmose and Olsen, 2005; Peters et al.,
2007). We have followed the latter approach, but go beyond the usual approach and
report also the range in results from the individual decompositions. We show in
Section 5 that the arithmetic mean is often not a good representation of the
distribution of results from the individual decompositions and that reporting the range
is important for matters of transparency. The next section provides a detailed
description of the methodology.
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Methodology and Data

Standard input-output
Wiedmann et al. (2008a) provide a detailed outline of the input-output model used in
this project. Here we will give only a general introduction to input-output calculus. In
environmental input-output (IO) modelling, emissions p are assumed to be a function
of output x, which in turn is a function of final demand y, i.e.

p  f  x( y ) 

(3.1)

In standard economic IO analysis, output is determined as the solution of a system
of linear simultaneous equations, representing the inter-industry relationships. The
solution gives rise to the equilibrium condition that expresses output as a function of
final demand. Equally we can express emissions p in a system generalised for
environmental factors as a function of final demand and several parameters
representing technology coefficients, environmental factor/ emission intensities and
so on,

p  r(I  A) 1 y  rLy

(3.2)

where x is a n1 vector of sectoral output, r is a 1 n factor intensity vector providing
the amount of an environmental factor (e.g. energy, CO2) required per unit of a
sector‟s output, A is a nn technological coefficient matrix indicating the amount of
the ith sector‟s output required to produce one unit of sector jth output and

y  (y dom  y ex ) is a n1 vector of final demand being the sum of domestic final
demand ydom and export final demand yex. The nn matrix L=(I-A)-1 is the Leontief
Inverse indicating the economy-wide requirements for producing one unit of sector j‟s
final demand. Equation 3.2 constitutes the solution of the standard economic inputoutput model. Given an exogenously specified final demand, the equation can be
used to determine emission requirements necessary to satisfy this demand.
In this project we will distinguish between direct as well as direct and indirect
emission models to decompose changes in CO2 over time. The direct emission
models assign CO2 from all final demands to the sector where they are released and
can be described by
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pd  rˆ (I  A)1 y

(3.3)

The hat symbol “^” indicates diagonalisation of a vector. The direct and indirect
emission models assign CO2 released throughout the (domestic or global) supply
chain to the sector of final use. This can be described by

p d &i  r(I  A) 1 yˆ

(3.4)

In the context of this report we will apply these two models to analyse UK producer
as well as consumer emissions. For the latter ideally such an analysis should be
based on a multi-regional input-output model distinguishing between differences in
production technology and associated carbon intensities throughout the world. Such
a model is briefly introduced below, while the details are discussed in Wiedmann et
al. (2008a).

Multi-regional input-output analysis
For all our calculations in this report we use the UK-MRIO-1 model.3 UK-MRIO-1 is a
global, uni-directional trade model (see Munksgaard et al., 2005; Munksgaard et al.,
2009) with three non-UK regions. A detailed description can be found in Wiedmann
et al. (2008a). A sensitivity analysis is provided in Wiedmann et al. (2008b). Even
though we used standard input-output notation for matters of simplification in the
previous section, the UK-MRIO-1 model is based on a supply and use formulation.
The technology (or direct requirement) matrix A of such a uni-directional multiregional input-output model can be described as the composite of a input coefficient
matrix B with bijrs  uijrs / g sj and an output coefficient matrix D with d ijrs  vijrs / q sj , that
is

3

This also comprises situations where we only use a partition of the model for the analysis of UK domestic
production processes.
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where the first superscript indicates the region of origin and the second superscript
the receiving region (u=UK; e=Europe-OECD; o=Non-Europe OECD; w=rest of the
wolrd). Further note that V represents a nn supply table and U a nn use table, g is
a n1 total industry output and q is a n1 total commodity output vector. Equally we
can describe the final demand vector y and the direct emission intensity vector r by

 y uu 


 0 
 eu 
y 
 0 
y   ou 
y 
 0 
 wu 
y 
 0 



 ru 
 
0
 e
r 
0
r  o 
r 
0
 w
r 
0
 

(3.6)

Using (3.5) and (3.6) in (3.3) and (3.4) we obtain multi-regional specifications of an
environmentally extended input-output model.

Structural decomposition analysis
General methodological background
To decompose the change in emissions we used the approach based on the additive
identity splitting as commonly done in the literature (e.g. Peters et al., 2007;
Rørmose and Olsen, 2005; De Haan, 2001; Dietzenbacher and Los, 1998). In this
Section we illustrate the approach and related issues within the context of our model.
For our basic model for total emissions
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pt  rt (I  A t ) 1 y t

(3.7)

denoting Lt=(I-At)-1 at time t the change in emissions ∆pt=pt-pt-1 can be written as

pt  rt L t y t rt 1L t 1y t 1

(3.8)

The basic idea is to sequentially split an identity into a sequence of components
using simple algebraic operations. For instance, by adding and subtracting rt-1Ltyt
and rt-1Lt-1yt, to the right hand side we can rewrite Equation 3.8 as

pt  rt L t y t rt 1L t y t rt 1L t 1y t

(3.9)

Thus, the change in p is split into separate contributions from changes in each
variable. Each contribution, or “effect”, can be interpreted as the result of multiplying
the “per unit impact” times “the total change” in the variable. These contributions can
provide an insight into the driving forces underlying the relationship between
emissions and technological and consumer factors.
A number of alternative decompositions can be derived using the same approach.
As shown in Dietzenbacher and Los (1998), if the number of factors is denoted by n,
the number of decompositions are n!. The coefficient of a specific effect consists of
the “remaining” factor evaluated either for time t or time t −1. In our three factor
example, all decomposition can be listed as,

 pt

 rt L t y t

rt 1 L t y t

rt 1 L t 1 y t

 rt L t y t

rt 1 L t y t 1

rt 1 Lty t

 rt L t 1 y t

rt L t y t

rt 1 L t 1 y t

 rt L t 1 y t 1 rt L t y t

rt L t 1 y t

 rt L t y t 1

rt L t y t

rt 1 L t y t 1

 rt L t 1 y t 1 rt L t y t 1

(3.10)

rt L t y t

The alternatives in Equation (3.10) simply depend on the choice of time index. Even
though they lead to different results they are all equally valid: decomposition results
are not unique. To address this “non-uniqueness" problem we compute the average
of all possible decompositions (see, Peters et al., 2007; Rørmose and Olsen, 2005;
De Haan, 2001; Dietzenbacher and Los, 1998). In Section 5 we present a brief
sensitivity analysis of the choice of time index. This explains why it is important to
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use a conservative approach in dealing with the non-uniqueness problem by
reporting the range in results for each decomposition factor (see also Dietzenbacher
and Los, 1998).
Emission Concepts and Decomposition Models used in this Study
In this decomposition study we run a series of different models. In one dimension the
models differ according to the emission concept applied. We will refer to this
dimension as the “scope boundary” of emission estimates:


Producer emissions: In the producer emission models we decompose the CO 2
emissions released by UK industries. This means that only UK emissions from
the production of goods and services are analysed as represented by emission
components 1 and 2 in Figure 3.1. Emission component 1 refers to the emissions
released in the UK from the production of goods and services attributable to
domestic (i.e. UK) final demands. Emission component 2 identifies the emissions
released in the UK from export production. A full producer emission account also
comprises the emissions from UK households (see Wiedmann et al., 2008a).
These are analysed separately here. When we henceforth refer to producer
emissions, we only talk about industrial emission sources, not sources from
households.
Producer emissions are consistent with Environmental Accounts and differ from
territorial emission inventories as submitted by the UK to the United Nations
Framework Convention on Climate Change (UNFCCC inventory). Compared to
the UNFCCC inventory they include emissions from international aviation and
shipping, CO2 emissions from biomass as well as emissions from some activities
of UK citizens abroad, whilst excluding the corresponding activities of non-UK
citizens in the UK. For a complete discussion of the differences between
producer and territorial emissions, the reader is referred to Appendix H. We
provide some results in Appendix F, where we approximate territorial emissions
by excluding emissions from international aviation and shipping.



Consumer emissions: The consumer emission models decompose all industrial
CO2 emissions released throughout the global supply chain to satisfy all domestic
final consumption in the UK. As shown in Figure 3.1, this comprises emission
components 1, 3a and 4a. Component 1 describes the emissions from UK
production for domestic (UK) final demands as explained previously. Component
3a are the emissions released in other parts of the world in the production of
intermediate goods and service used by UK industries for providing (UK) final
products to UK domestic final demands. Finally, emission component 4b
represents the emissions released elsewhere in the world in the production of
final (foreign) products consumed by UK domestic final demands.
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As for producer emissions, CO2 from international aviation and shipping are
considered. In fact, the only difference between producer and consumer emission
accounts is the way of treating emissions associated with international trade:
producer emission accounts include export-related emissions, while consumer
emission accounts include import-related emission. A full consumer emission
account also includes emissions from UK households (see Wiedmann et al.,
2008a) as represented by components 5a and 5b. These are analysed
separately here. When we henceforth refer to consumer emissions in this report
we only talk about industrial, not household emission sources.

Figure 3.1 - Depiction of emissions occurring through UK economic activity, including trade, and
different principles of emissions accounting (Region e = OECD Europe, Region o = OECD non-Europe,
Region w = non-OECD countries)
Legend to Figure 3.1:
1

UK production emissions, including international aviation and shipping provided by UK operators,
attributable to UK final consumption,

2

UK production emissions attributable to exports

3a

Imported emissions through intermediate consumption of UK industry attributable to UK final
consumption

3b

Imported emissions through intermediate consumption of UK industry attributable to UK exports

4a

Imported emissions direct to final demand attributable to UK final consumption

4b

Imported emissions direct to final demand attributable to UK exports

5a

UK emissions generated by households not from private motoring (e.g. housing)

5b

UK emissions generated by households from private motoring
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Household Emissions: UK household emissions as represented by components
5a and 5b in Figure 3.1 are constituents of full producer and consumer emission
accounts and are therefore considered separately here from industrial CO 2
releases. The household emission models include all CO2 emissions directly
released by UK households (through the burning of fuels). We distinguish
emissions from travel (mobile sources) and non-travel related activities
(stationary sources).
In a second dimension we can distinguish between models analysing changes in
direct (see Equation 3.3) and direct plus indirect CO2 emissions (see Equation
3.4) as explained above. The different decomposition models employed in this
study are summarised in Table 3.1. Note that there are no direct and indirect
emission models for household emissions. Territorial model approximations4 are
grey shaded, because they are only included in the Appendix. We will refer to the
model acronyms provided in the table throughout the report for matters of
transparency.

Input-Output Model applied

Scope Boundary for CO2 Emission Estimates
Producer
Consumer
Household
Territorial
Direct

Model Acronym
Direct + Indirect

MPD

MCD

MHD

MPI
MCI
Model Acronym
Table 3.1 – Decomposition models applied in this study

MTD

MTI

Data Description
Most of the data preparation required for this decomposition study has been
previously outlined in Wiedmann et al. (2008a). The model is based on supply-anduse tables for the UK covering consecutive years from 1992 to 2004. The tables are
reported in basic prices and distinguish 123 economic sectors (product groups and
industries). The rest of the global economy is represented by three aggregate
regions taken from the GTAP database (http://www.gtap.agecon.purdue.edu) at a 30
4

These estimates only exclude emissions from international shipping.
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sector aggregation level: OECD Europe, OECD non-Europe and non-OECD (ROW).
Production data for non-UK regions is only available for 1997 and 2001. Therefore,
we assume constant technology outside the UK for 1992-1997 and 2001 onwards.
For the period 1998-2000 weighted averages are taken.
Bilateral trade matrices for imports from these regions to the UK were constructed
from Pink Book statistics (ONS, 2006a) as well as trade statistics from HM Revenue
& Customs (www.uktradeinfo.com). They are available for each consecutive year
between 1992 and 2004. Trade between non-UK regions is not explicitly modelled.
Therefore, the model cannot consider feedback effects from international trade.
Emission data for the UK is taken from the Environmental Accounts (ONS, 2008d).
Non-UK emission data is derived from International Energy Agency data. Direct
emission intensities are constructed from this for every single year using sectoral
GDP estimates from UN statistics for imputing total sector outputs. The reader is
referred to Wiedmann et al. (2008a) for detailed information and all data sources. A
summary version can be found in Appendix G. Below some specific tasks required
for this study are discussed.
Task 1: Correction of import matrices
By comparing the UK import matrices with high level trade statistics (ONS, 2008c),
we identified some problems in terms of the allocation of imports from foreign
regions to the UK for the years 1995, 2003 and 2004 (Wiedmann et al., 2008a). This
resulted in an over-estimation of CO2 emissions from UK consumption. However, this
over-estimation was within the uncertainty range estimated in Wiedmann et al.
(2008b). We corrected for this misallocation in a rudimentary fashion by deriving
aggregate correction factors for imports from each world region through comparisons
with Pink Book statistics. We were able to apply these correction factors in a residual
procedure as for all three years only two of the three import matrices were affected
by the misallocation. A comparison between the new and old results is shown in
Section 5.
Task 2: Deflation of input-output data
Key for robust results from a structural decomposition is the use of input-output
tables in constant prices. However, UK-MRIO-1 as developed in Wiedmann et al.
(2008a) is based on tables in current prices. For the deflation method employed in
this work we used sectoral producer price indices5 (PPI) as well as service producer
price indices 6 (SPPI) data provided by ONS. Complete price index information in
terms of the time period covered and sectoral aggregation were only available for
some primary and all secondary sectors. In terms of the UK‟s sectoral input-output
5
6

See, http://www.statistics.gov.uk/Statbase/Product.asp?vlnk=790
See, http://www.statistics.gov.uk/statbase/Product.asp?vlnk=7351
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classification (UK-IO123 – see Appendix A) this concerned sectors 6-87. For the
agricultural sector (UK-IO123 sector 1) price index data was provided by DEFRA.
We assumed this index to be applicable to the forestry and fishery sectors (UKIO123 sectors 2 and 3). For UK-IO123 sectors 4 and 5 the electricity and gas
distribution sectors were used as proxies.
For service sectors we used the experimental Service Producer Price Index (SPPI).
SPPI data is only available from 1996 – often only 1998 - onwards. Data for the
years from 1992 to 1995 (1997) was derived through linear extrapolation. For UKIO123 sectors where no specific SPPI data was available, we applied the average
service price index (UK-IO123 sectors 88, 90, 91, 100-103, 108-100, 115, 117, 118,
120, 121).
The same sectoral price deflators were applied to the import matrices while we used
specific import deflators where possible. However, data was only provided at the
appropriate aggregation level for very few sectors. Foreign production data was
already deflated during the construction of MRIO-1 (see Wiedmann et al., 2008a).
Task 3: Prepare fuel use data and derive fuel type specific emission
coefficients
For the structural decomposition of producer emissions, it was the intention to use
additional information on sectoral fuel use to obtain a better understanding of what
has contributed to the change in annual CO2 emissions in the UK. In a first step, we
compiled sectoral fuel use matrices for 30 different fuel types covering the time
period 1992-2004 from ONS fuel use statistics as provided in the Environmental
Accounts (ONS, 2008d). We used more detailed fuel use statistics distinguishing
emission sources by fuel types and years in order to exclude fuel uses, which do not
give rise to CO2 emissions immediately (e.g. feedstock uses of fuels). Moreover we
separated out particular fuel uses for which fuel-specific CO2 emission factors would
differ considerably. For coal, for example, we distinguish the use of coal by power
plants, other industrial uses and domestic use. In total, we distinguish 34 sectoral
fuel uses for the purpose of this study.
Fuel specific emission factors for different sources and fuel types are provided in the
National Emission Inventory (http://www.naei.org.uk/). The ONS provided a time
series of these emission factors as used in the compilation of the Environmental
Accounts. In order to combine these with the fuel statistics provided in ONS
Environmental Accounts all emission factors needed to be expressed in terms of
kilotonnes of CO2 per million tonnes of oil equivalent. This conversion required
standard energy unit conversions as well as conversions from weight to energy units.
For the latter information on the gross calorific value of different fuel types were
taken from DUKES (see Footnote 5). Currently, CO2 emission factors in energy units
are derived using gross calorific values consistent with the approach currently taken
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by DEFRA and ONS. Information on the gross calorific value of fuels was only
available for selected number of years (1990, 2000, 2003, 2004) and fuel types.
Values for the remaining years were derived through a simple linear interpolation.
The emission factors are documented in Appendix C including the assumptions
taken for fuel types where DUKES did not provide information on their gross calorific
value. We would appreciate any feedback on the derived fuel type specific emission
factors for future improvements. Note that we were not able to reproduce the CO2
emission estimates reported in the Environmental Accounts from the fuel use
statistics exactly regardless of our best efforts to do so. Still, estimates are
sufficiently close to put no major restrictions on our findings and the trends in the
CO2 emission accounts are fully replicated by our data.
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Results
In this section the results of the structural decomposition analysis (SDA) will be
discussed. The section is subdivided into three parts. The first part focuses on the
decomposition of the UK‟s sectoral producer emission account. This means that we
will consider domestic economy drivers behind changes in UK emissions. The
analysis will explicitly account for the fuel use of the different industrial sectors,
distinguishing a total of 34 fuel types and emission sources. The second part of the
analysis will turn the attention towards the UK‟s consumer emission account. Here
we will consider CO2 emissions changes in the UK economy in a global context. This
is significant in an interdependent world, where national drivers behind CO2 emission
changes become increasingly interconnected with growing levels of international
trade. The third part of the analysis will focus on direct CO2 emission released by UK
households.

Producer emissions
In this Section we present the results from our analysis covering all emission sources
reported in the UK Environmental Accounts. In the Appendix we present the results
excluding sources associated with international aviation and fuel bunkers for matters
of completeness.
What are the main drivers behind changes in UK producer emissions 19922004?
Figure 4.1 summarises sectoral CO2 producer emission trends for UK industrial
sectors (i.e. excluding direct CO2 emissions from UK households). Between 1992
and 2004 total sectoral producer CO2 emissions in the UK increased by 3.5 Mt CO2.7
Emission reductions were achieved through improvements in sectoral fuel use.
Cumulative reductions in annual CO2 emissions of 42 Mt were achieved through
changes in the fuel mix in the UK economy and further 63 Mt were avoided through
improvements in the fuel efficiency of sectors. Changes in the production structure
caused another decrease of 60 Mt. Also, the average product choice of the UK
consumers (final demand structure) became more climate-friendly and contributed to
cumulative reductions in industrial CO2 emissions of about 33Mt in the UK. In a later
part of the analysis we will test to what extent the reductions are due to indirect
effects and international factors.
7

Even though this figure is largely consistent with the one reported in the Environmental Accounts
there are larger differences for some individual sectors as discussed earlier.
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Yet, all these CO2 emission reductions were compensated by emission increases
from a single driver – the growing final consumption levels (final demand levels) of
domestically produced products. This caused cumulative emissions to grow by an
estimated 203 Mt CO2 between 1992 and 2004 and is a reflection of a period of
growth and wealth in the UK. All CO2 emission savings from technological
improvements and shifts towards more climate-friendly products were not sufficient
to outpace these increased pressures from rising final consumption levels. This
finding is consistent with evidence from other countries (e.g. Peters et al., 2007;
Weber, 2009; Wood, 2009; Guan et al., 2008; Wachsmann et al., 2009).

Figure 4.1 – Models MPD/MPI: Drivers behind changes in cumulative sectoral producer CO2 emissions in
the UK, 1992-2004, in Mt CO2

How have fuel use changes influenced trends in UK producer emissions?
In Table 4.1 we show the contribution of individual fuel types to trends in
decomposition factors for the period 1992-2004. Looking at the fuel mix factor shows
that the net reductions in annual CO2 emissions of 42 Mt were mainly associated
with the switch from coal (and fuel oil) to gas in the UK fuel mix. This is commonly
referred to in the UK as the 'dash for gas', which occurred at the beginning of the
1990s when the UK electricity sector was privatised and gas was increasingly used
as a fuel for power generation.
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Δcif

Δfm

Δfi

ΔL

Δys

Δyl

ΔTotal

Coal

0.2

-81.4

-26.7

-13.5

-9.2

59.8

-70.8

Natural Gas

-1.2

65.6

-21.1

-10.0

-6.3

50.5

77.5

Petrol

-0.0

-9.9

-7.0

0.4

0.3

6.6

-9.6

DERV

-0.2

12.9

-7.8

-6.7

-1.8

20.2

16.6

Fuel Oil

0.3

-24.5

-10.6

-5.0

4.6

16.0

-19.1

Gas Oil

-0.1

-8.3

-7.3

-1.8

0.6

11.8

-5.0

Aviation Fuels

-0.0

-0.6

24.7

-8.3

-13.4

15.2

17.5

Other Fuels

-0.5

4.1

-7.1

-15.2

-7.7

22.8

-3.5

Total Factor Change

-1.6

-42.0

-62.8

-60.0

-33.0

202.9

3.5

Table 4.1 – Model MPD: Drivers behind changes in sectoral producer CO2 emissions in the UK by fuel
type, 1992-2004, in Mt CO2, cif - CO2 intensity of fuel types, fm – fuel mix, fi – fuel intensity, L –
production structure, ys – final demand structure, yl – final demand levels

While in 1992 coal was still the most widely used fuel in the UK economy accounting
for 28% of the total fuel use, this reduced to 17% in 2004 as shown in Figures 4.2
and 4.3. In contrast, mainly the swift expansion of gas as a fuel in electricity
generation was responsible for increasing its share in the UK fuel mix from 26% to
41% over the same period of time.
These fuel mix changes were environmentally beneficial as gas is less carbon
intensive than most solid fuels. In particular, as shown in Table 4.1 the shift away
from coal and fuel oil in the UK fuel mix reduced CO2 emissions by 81 and 25 Mt
CO2 respectively, while the increased reliance on gas only added 66 Mt CO 2.
Overall, these fuel mix changes decreased the average carbon intensity of fuel use
in the whole UK economy from 2,913 kilotonnes CO2 per million tonnes of oil
equivalent fuel use to 2,720.

Figure 4.2 – Total UK Fuel Mix as reported in the
Environmental Accounts, 1992

Figure 4.3 – Total UK Fuel Mix as reported in the
Environmental Accounts, 2004

These fuel use changes in the UK economy are one major reason why UK producer
CO2 emissions increased only slightly between 1992-2004 and have substantially
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contributed towards the UK meeting its Kyoto targets early. However, in this context
two other, potentially policy relevant developments are worth mentioning:
First, while fuel use changes throughout the UK economy had positive effects in
terms of CO2 emissions, absolute levels of energy use continued to rise by more
than 10% between 1992 and 2004 from 213 to 231 million tonnes of oil equivalent
(see ONS, 2008a and 2008b). Second, year by year positive net effects in terms of
CO2 emissions from shifts in the fuel mix and from improvements in the intensity of
energy use have started to level off since the end of the 1990s. This is shown in
Figure 4.1 and in more detail in Figure 4.4. These trends indicate that measures are
required to continue the decarbonisation of the fuel mix and to conserve energy
throughout the UK economy.

Figure 4.4 – Model MPD: Cumulative producer CO2 emission changes from changes in sectoral fuel use
in the UK 1992-2004, in Mt CO2

How are UK sectors related to drivers behind trends in UK producer
emissions?
Table 4.2 shows sector contributions (for information on aggregation see Appendix
D) to the trends in the various drivers (decomposition factors) behind changes in the
UK‟s producer CO2 emission account for the period 1992-2004. Note that these data
reflect changes in the direct CO2 emissions of each sector from all (domestic and
foreign) final demands for final products provided by domestic industries and not in
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the direct and indirect CO2 emissions, which we will only deal with later in the
Section on consumer CO2 emissions.8

Δcif

Δfm

Δfi

ΔL

Δys

Δyl

ΔTotal

Agriculture, resource extraction

-2.7

-0.3

2.0

-1.2

-3.9

10.4

4.3

Manufacturing

-0.3

-6.2

-15.9

-35.6

-13.2

51.5

-19.6

Utilities

1.3

-33.6

-35.4

-9.2

-12.0

77.2

-11.6

Transport

0.0

0.3

20.0

-19.1

-5.6

36.3

32.0

Services

0.0

-2.2

-33.6

5.0

1.7

27.5

-1.6

-1.61

-42.0

-62.8

-60.0

-33.0

202.9

3.5

Total Factor Change

Table 4.2 – Model MPD: Drivers behind changes in sectoral producer CO2 emissions in the UK by major
economic sectors, 1992-2004, in Mt CO2, cif - CO2 intensity of fuel types, fm – fuel mix, fi – fuel intensity,
L – production structure, ys – final demand structure, yl – final demand levels

Utilities were able to reduce their total direct CO2 emissions between 1992 and 2004.
Even though the total reduction of 12 Mt CO2 might appear modest, their contribution
to changes in individual emission drivers was substantial. Based on the previous
discussion around the „dash for gas‟ it is not surprising that utilities have most heavily
contributed to CO2 emission reductions from changes in sectoral fuel use. About
80% of the 42 Mt of CO2 avoided through fuel mix changes in the UK economy can
be associated with utilities and more than 50% of 63 Mt carbon savings from
improvements in the fuel intensity. Moreover the fast rising final demand levels for
domestically produced goods and services required an increased fuel use (6.7 Mtoe
between 1992 and 2004: see ONS, 2008a and 2008b) by utilities to provide all
intermediate and final outputs (mainly electricity) demanded by other sectors. This
resulted in additional CO2 emissions of 77Mt CO2 between 1992 and 2004 off-setting
most of the carbon reductions achieved by the sector elsewhere.
The transport sector shows the biggest overall change in direct sectoral CO2
emissions in the UK. Between 1992 and 2004 CO2 emissions increased by 32 Mt as
shown in Table 4.2. As for utilities this was mainly driven by growing final demand
levels in the UK, which led to increased demand for transport services throughout
the economy resulting in increases in annual CO2 emissions of 36Mt. Going back to
Table 4.1 we find that more than 40% of this increase is related to emissions from
aviation spirit (15 Mt). The remaining are from increased use of diesel, petrol and
fuel oil for activities of the transportation sector.

8

Note that we could also analyse producer emissions in terms of direct and indirect CO2 emissions of sectors.
Particularly for services industries this changes the picture radically (e.g. Suh, 2006) as they are associated with
little direct CO2 emissions, but can rely heavily on carbon intensive inputs from other sectors in the supply
chain.
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Note that we refer here to CO2 emissions from the transportation sector only and not
to all CO2 emissions from transportation. All other sectors also support their own
vehicle fleets. Therefore, CO2 emissions from fuels typically used for transportation
(e.g. DERV, petrol, aviation fuels etc.) do not directly map into the CO 2 emission of
the transportation sector.
The most surprising result in the transport sector is the increase in fuel and therefore
carbon intensity (see Table 4.2). Between 1992 and 2004 this led to an increase in
annual CO2 emissions of more than 20 Mt. Within the transport sector this result is
entirely driven by the air transport industry as shown in Figure 4.6. Some other
transport sectors actually decreased their fuel intensity and counter-acted the trend
in aviation.
What is happening in the aviation sector? With decreasing prices for domestic and
international flights, it seems most likely that flight kilometres and fuel use have
grown faster than the output of the aviation industry. Reasons for this might be
economies of scale, increased competition across established airlines (economies of
scale) as well as the emergence and establishment of low fare airlines on the market
since the late 1990s.9
However, there is also the potential that forces within our model are partially
responsible for the result as discussed in Section 6. For avoidance of doubt, the
result does not imply that the aviation industry has become less fuel or carbonefficient per flight kilometre or passenger kilometre. The decrease in fuel intensity in
our model refers to CO2 emissions per unit monetary output of the aviation sector
(measured in constant, basic prices).

9

Also consider the rapid rise in low fare airlines since the middle of the 1990s (e.g. see
http://en.wikipedia.org/wiki/Image:Ryanair_passengers.png)
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Figure 4.5 – Model MPD: Cumulative changes in
sectoral CO2 emissions from combined fuel mix and
fuel intensity changes 1992-2004 (top ten sectors)

Figure 4.6– Model MPD: Cumulative changes in
sectoral CO2 emissions from fuel intensity
changes in transportation sector 1992-2004

The largest overall reduction in direct sectoral CO2 emissions occurred in the UK‟s
manufacturing industries with 20 Mt. A major driver of these net reductions (36Mt)
resulted from changes in the UK production structure away from manufacturing
associated with the on-going de-industrialization of the UK economy (see Helm et
al., 2007). Even though output of the manufacturing industry (measured in monetary
terms) has slightly increased again since the beginning of the 1990s, its relative
importance in the UK‟s domestic production structure (supply chain) has decreased.
While in 1992 still 30% of intermediate output (measured in constant, basic prices)
was associated with manufacturing industries, this reduced to 18% in 2004 (see
Figures 4.7 and 4.8). This decline in relative importance is captured in the
decomposition factor in Table 4.2.
However, the term de-industrialization falls short in characterizing the trends in the
UK economy. Observing the growth in importance of service sectors in the UK, these
structural developments might better be seen as a continuing transition of the UK
into a service-based economy. Even though the relative importance of the service
sector grew from 52% to 65% of all intermediate output between 1992 and 2004,
these structural changes in the UK‟s domestic production structure only resulted in
minor CO2 emission increases as shown in Table 4.2 (5 Mt CO2).
One reason for this development is the continuous decrease in the sectoral fuel
intensity of services between 1992-2004 avoiding a total of 34 Mt CO2 between 1992
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and 2004. This finding is reconfirmed by discussion in the most recent Environmental
Accounts publications by ONS: “The largest fall in emissions intensity is in the
commerce and public administration sector (including the other business services,
other services and education, health and social work). Since 1990, the emissions
intensity of commerce and public administration has fallen by 66.1 per cent”
(http://www.statistics.gov.uk/cci/nugget.asp?id=155). Mainly these improvements in
the fuel efficiency were responsible for the achieved overall reduction in CO2
emissions from services of 2Mt regardless of a doubling of total monetary output of
service industries and pressures from rising final consumption levels in general.

Figure 4.7 – Sector shares in total UK domestic
intermediate output, 1992

Figure 4.8 – Sector shares in total UK domestic
intermediate output, 2004

Hence, in this Section we have identified a second major source behind trends in
sectoral CO2 producer emissions in the UK: the UK‟s continuing transition towards a
service economy (see also Helm et al., 2007). We have quantified different drivers
behind this trend and discussed the most important aspects of this development.
However, we will show in the next Section that, in contrast to the positive effects on
CO2 emissions resulting from the dash for gas, the story for services becomes much
more complex once indirect CO2 emissions are considered in our analysis.
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Consumer emissions
In this Section we focus our analysis on the total (direct plus indirect) CO2 emissions
associated with UK final consumption of goods and services, regardless where these
emissions are released in the world. These are often referred to as the UK‟s
consumer emission or carbon dioxide footprint account (see Wiedmann and Minx,
2008). Overall, the UK carbon dioxide footprint grew from 657 Mt CO2 emissions to
733 between 1992 and 2004. 10 These estimates include CO2 emissions released
directly by UK households. They will not be part of the following analysis, but
considered later separately.
What are the main drivers behind changes in UK consumer emissions?
Figures 4.9 quantifies the factors driving the changes in CO2 emissions released
throughout the world in the production of final goods and services consumed in the
UK for the period 1992-2004. Overall, the UK‟s CO2 consumer emissions (excluding
direct household emissions) increased by 69 Mt CO2 over this time period.

Figure 4.9 – Model MCD/MCI: Cumulative changes in consumer CO2 emissions in the UK 1992-2004 by
six major determinants, in Mt CO2

10

For differences to previous estimates provided see Section 5. Most importantly, this figure is lower than the
one originally provided in Wiedmann et al. 2008 due to a misallocation of imports across foreign regions for the
years 1995, 2003 and 2004. Here we corrected for this problem
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As for producer emission, this trend in consumer CO2 emissions was driven by
increased final spending levels in the UK on (domestic and imported) final products
which caused CO2 emissions to grow by 248 Mt globally. Figure 4.9 shows that only
a small component of these CO2 emissions (52 Mt) from this increased final
consumption can be explained by socio-demographic forces in the UK – namely,
changes in household size and resident population. In this context it is interesting to
observe that the development towards smaller household sizes had a bigger impact
on CO2 emission levels than the increase of the UK resident population (see Table
4.3).

Unit

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

Households

Million

23.1

23.3

23.5

23.7

23.8

24.0

24.2

24.4

24.6

24.8

25.0

25.2

25.5

Population

Million

57.6

57.7

57.9

58.0

58.2

58.3

58.5

58.7

58.9

59.1

59.3

59.6

59.8

Household
size

People/household

2.5

2.5

2.5

2.5

2.4

2.4

2.4

2.4

2.4

2.4

2.4

2.4

2.3

Table 4.3 – Households, population and household size in the UK 1992-2004 (BERR, 2008)

A large part of the additional emissions from increased final spending in the UK was
offset by CO2 emission reductions from changes in sectoral carbon intensities
throughout the world in the production of final goods and services consumed in the
UK. Together they reduced annual CO2 emissions by 137 Mt between 1992 and
2004. Further reductions were brought about by changes in the global supply chain
(11 Mt) as well as changes in the composition of the average consumption basket of
UK residents (31 Mt).
What is particularly noticeable compared to the producer emission results in the
previous sub-section is that with the extension of the system boundaries of the
analysis from the national to the global economy, the contribution of changes in the
production as well as final demand structure (see Figures 4.1 and 4.9) to reducing
CO2 emissions become less significant. What are the reasons behind these
differences in decomposition results? One way of obtaining an understanding of
these trends is analyse the consumer emission account by emitting region. This will
be discussed in the next sub-section.
How do world regions influence the trends in the UK’s consumer emissions?
Figure 4.10 shows the CO2 emission contributions from world regions to the increase
of 69 Mt CO2 in the UK‟s sectoral consumer emission account. Even though there
has been an increase in the CO2 emissions released in the UK for the production of
exported goods and services, the growing gap between changes in consumer and
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producer emissions identifies the UK‟s growing CO2 trade deficit, which we
discussed in detail in Wiedmann et al. (2008a).

Figure 4.10 - Changes in UK consumer CO2 Emissions by emitting world region, 1992-2004

Figure 4.10 further reveals that the UK is the only region which experienced a
decrease in its contribution to changes in consumer emissions between 1992 and
2004. Overall 15Mt less CO2 emissions were released in the UK economy for the
production of goods and services consumed in the UK in 2004 than in 1992.
However, additional CO2 emissions were required in all other regions of our model to
support UK consumption. While this increase in CO2 was moderate for emissions
from the production of imports in the more industrialised regions of the model – for
OECD Europe 18Mt and for OECD non-Europe 12Mt – CO2 emissions from import
production in non-OECD grew much more rapidly, by 54Mt between 1992 and 2004.
In the climate change context this causes concern as most of the countries
aggregated into the non-OECD region (ROW) are non Annex-B representatives
under the current international climate change regime as agreed upon in the Kyoto
Protocol. These countries have currently no binding CO2 emission targets and their
engagement in a future climate agreement will therefore be important.
Figures 4.11 - 4.14 show world-regional contributions for four major decomposition
factors. Through reductions in sectoral carbon intensities throughout the global
supply chain, cumulative savings in annual CO2 emissions of 137Mt were achieved
as previously mentioned. Of these, 65 MT were realised in the UK, 21 Mt in Europe
OECD, 6 Mt in non-Europe OECD and 45 Mt in the non-OECD regions (for cautions
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in the interpretation please read footnote). Note that this result does not necessarily
mean that the UK has improved its carbon efficiency at a faster rate than other world
regions as the size of changes in structural decomposition exercises are also driven
by the size of the final demands for goods and services from the various regions.
Let us return to the discussion started in the previous sub-section, which highlighted
the smaller amounts of annual CO2 reductions from changes in the production
structure once we consider consumer rather than producer emissions. The regional
breakdown provided in Figure 4.12 shows that a considerable part of the CO2
reductions from changes in the UK‟s production structure (54 Mt11) have been off-set
by CO2 emissions increases from wider structural changes in the global supply chain
(9 Mt for OECD-Europe and 39 Mt for non-OECD (ROW)).
Hence, rather than interpreting the CO2 emission reductions of Figure 4.1 as a
“greening” of the UK supply chain, the consumption perspective suggests that they
should be mainly regarded as changes in the international division of labour (i.e.
shifts in the allocation of production processes across the globe and changes in
regional/ national specialisation in the production of goods and services), where the
UK increasingly specialises on the provision of services.
Furthermore, the UK‟s transition towards a service economy with lower direct CO2
emissions has not led to a decreased reliance on more carbon intensive production
in primary and secondary sectors, but has rather been accompanied by a growing
volume of imports of products from primary and secondary sectors (agriculture,
resource extraction and manufacturing) from abroad. Overall, once we take into
account shifts in all global production processes undertaken to produce goods
consumed in the UK, only a modest progress (11 Mt CO2) in de-carbonising the
(global) supply chains can be found (see also Table 4.4). With increasing trade
integration, the structural drivers of emissions changes can only be fully understood
if changes throughout the world economy are considered. A global model is needed
for an adequate interpretation of changes in individual countries. A similar, but less
pronounced trend is found for shifts in UK final demand (domestic and imports) as
shown in Figure 4.13.

11

The difference between this number and the one provided in the discussion of Figure 4.1 is that calculations of
the former do not consider CO2 emission changes in the domestic supply chain associated with the production
of export goods and services.
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4.11 – Model MCD: Cumulative changes in CO2
emission sources from world regions due to
changes in sectoral carbon intentsities 1992-2004

4.12 – Model MCD: Cumulative changes in CO2
emission sources from world regions due to
changes in global input structure

Figure 4.13 – Model MCD: Changes in CO2
emission sources from world regions due to
changes in the composition of the basket of final
products consumed in the UK

Figure 4.14 – Model MCD: Changes in CO2
emission sources from world regions due to
changes in the level of consumer spending in the
UK
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What are the sectoral drivers of changes in UK consumer CO2 emissions?
Figure 4.15 shows the direct and indirect CO2 emission changes associated with UK
consumption from 1992-2004 by major economic sectors. The most notable thing is
that once we undertake such a change in perspective and assign all CO2 emissions
in the global supply chain to the sector of final use, the importance of services for
understanding the CO2 emission changes increases dramatically. By 2004 services
have become the most important source of emission growth adding 30 Mt to
changes in annual UK consumer CO2 emissions since 1992. In comparison, direct
and indirect CO2 emissions from the manufacturing and transport sectors only grew
by 21 and 23 Mt respectively over the same period of time, while the supply chain
CO2 impacts from services provided by utilities reduced slightly (4Mt).

Figure 4.15 - Changes in consumer CO2 emission and sector contributions in the UK 1992-2004, in Mt
CO2

There are two main factors responsible for this importance of services. First, indirect
emissions are far higher relative to direct emissions than in other sectors (see Minx
et al., 2009). Second, the final demand for services has soared in the time period
analysed. As shown in Table 4.4 a total of 113 Mt in annual CO2 emissions was
added as a consequence of this growth in final consumption between 1992 and
2004.
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Agriculture, resource extraction
Manufacturing
Of which: Light manufacturing

Utilities
Transport
Services
Total Factor Change

Δcis

ΔL

Δys

Δyl

ΔTotal

-2.37

-0.95

-2.24

4.69

-0.87

-56.11

3.21

2.63

70.93

20.65

-18.46

1.29

11.32

18.99

13.15

-19.19

4.50

-25.26

35.73

-4.22

9.88

3.04

-13.59

23.96

23.29

-69.00

-20.62

7.08

112.66

30.13

-136.79

-10.82

-31.38

247.97

68.98

Table 4.4 – Model MCI: Drivers behind changes in direct and indirect sectoral consumer CO2 emissions
in the UK by major economic sector, 1992-2004, in Mt CO2, cis - CO2 intensity sectoral output, L –
production structure, ys – final demand structure, yl – final demand levels

Looking at Table 4.4 it is also noteworthy that in manufacturing it is not the energyintensive products such as iron and steel, chemical products or concrete, which drive
UK consumer emission upwards. Instead, light manufacturing is responsible for
roughly 65% of the CO2 emission increases in the entire manufacturing sector. 12
Shifts in the structure of final demand towards light manufacturing products cause an
increase in emissions of 11 Mt, while rising final demand levels are responsible for
an additional 19Mt of CO2 keeping everything else constant. Compared to services,
the rising final demand levels for light manufacturing products are much less
important, but their emission contributions from shifts in the composition of final
demand (final demand structure) are more prominent.
Overall, the results suggest that it might not be sufficient to look only at the direct
CO2 emissions of sectors and their direct carbon intensity as, for example,
conventionally done in the UK Environmental Accounts. Sectors low in direct CO2
such as services or light manufacturing often depend upon much more CO2 indirectly
in their supply chain and must be seen as one important driver behind CO2
emissions in other sectors.13 This is consistent with findings of other authors in the
literature (e.g. see, Suh, 2006; Nansai et al., 2007).
On a more general level, this highlights that care needs to be taken in assessing the
climate change benefits of moving towards a service economy. Once indirect CO2
emissions are taken into account, a clear conclusion becomes much less obvious
due to the interdependencies between sectors. The storyline that the shift to a
service based economy is associated with absolute CO2 reductions provided in the
previous sub-section as well as Helm et al. (2007) is certainly too simplistic. For
12

Under the heading light manufacturing we refer to textile, leather and wood product (incl. furniture) as well as
the production of electronic euqipment such as TVs, computers or radios.
13
For matters of completeness we have derived these results from model, which takes the entire global supply
chain into account. However, it can be shown that the finding also holds, if we consider only the UK’s domestic
supply chain.
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tracking the progress of service industries in the climate change challenge relying
only on direct CO2 emission measures is certainly not sufficient and should be
complemented with measures taking also indirect emissions in the supply chain into
account.
However, our assessment only concerns aggregate service sectors as defined in the
economic and environmental accounts. This does not mean that services, which
have been specifically been designed to be climate friendly and substitute rather
than complement demands for manufactured products, do not offer a large CO2
saving potential. It is beyond the scope of this report to deal with the service issue
comprehensively. However, this is directly relevant in different areas of the UK
climate change policy discussion. More research will need to be undertaken to
address the service issue comprehensively in the future.
Which product groups are on a climate-friendly development path?
Finally we would like to provide some additional insights into the CO2 development
paths of different product groups for the time period 1992-2004. This might provide
valuable macro-level evidence for the discussions surrounding product roadmaps
(see http://www.defra.gov.uk/environment/consumerprod/products/) or market
transformation (see http://www.defra.gov.uk/ENVIRONMENT/consumerprod/mtp/).
By undertaking a two-factor decomposition we focus the attention on the relationship
between the two most fundamental components of CO2 emission changes of product
groups over time: changes in emissions associated with the carbon intensity of
production and levels of consumption. While the volumes of global consumption
have grown considerably over the last few decades, changes in technology have
enabled more resource efficient production of the products consumed (see Nansai et
al., 2007). Once we restrict our analysis to these two factors we can visualise their
relationship as well as their net effect in terms of total CO2 emissions in a simple
scatterplot. This provides a visual impression of which product groups might be on a
“climate-friendly” development path and which not. Figure 4.16 provides a schematic
overview.
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Figure 4.16 – Schematic representation of scatterplots provided in Figures 4.18 and 4.19

In the second and fourth quadrant of such a plot trends in the carbon intensity of
production and levels of consumption jointly contribute to CO2 emission reductions or
increases respectively. From a climate change perspective we might therefore be
particularly concerned about product groups in quadrant IV and rather more relaxed
about products in quadrant II.
In the other two quadrants, factors show opposite trends. In quadrant I, less carbon
intensive means of production throughout the global supply chain contribute to CO2
emission reductions, while consumption growth increases CO2 emissions. The
opposite is the case for quadrant III. All points above the -45° line mark net CO2
emission increases, while the opposite is true for all points below. The horizontal
distance from the -45° line identifies the size of the total CO2 emission change.
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Figure 4.17 – Model MCI: Consumption vs technologically induced CO2 emission changes of 123 product
groups consumed in the UK 1998-2004, Mt CO2

In Figures 4.17 and 4.18 we show the contribution of changes in production
technology and levels of consumption on changes in CO2 emissions for 123 product
groups. Figure 4.17 provides results for the time period 1998-2004, while Figure 4.18
focuses on 1992-2004. For the latter the following major patterns arise from this two
factor decomposition:


For many product groups CO2 emission changes associated with both changes in
final consumption and technology have been relatively small. More than 70% of
the sectors have contributed less than 0.8% (average) to the absolute change in
each of the two factors. From a policy perspective this might be seen as good
news as it shows that by targeting a relatively small number of product groups
(and their supply chains), considerable progress towards a low carbon economy
could be made. The targeted approach of the product roadmap work is
reinforced;



75% of all product groups are located in quadrant I. This means that for three
quarters of all product groups, CO2 emission reductions from changes in
production technology were accompanied by CO2 emission increases from
additional final consumption. For two-thirds of these (or more than 50% of all
product groups) the latter were bigger than the former and therefore resulted in a
net increase in CO2 emissions. Hence, from a consumer emissions perspective
technological progress throughout the global supply chain has not been
substantial enough between 1992-2004 for most product groups to off-set the
increase in CO2 emissions from rising consumption levels. It will be particularly
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important to speed-up technological development in the fast growing sectors
such as retail distribution, construction, health and veterinary services among
others. The only sector with a strong negative net CO2 effect is electricity
production (the discussion from the previous sub-section applies).


Only 8% of all product groups are located in quadrant IV. Figure 4.18 provides
evidence that only a small number of product groups are on a fully unsustainable
development path in that they show increases in CO2 emissions from more
carbon intensive production processes as well as growing levels of consumption.
However, only for 2 product groups (Air transportation, Coke Oven Products &
Refined Petroleum), are these changes large enough to be of importance for
policy makers (see Figure 4.18).
It might be worthwhile to undertake some more detailed sector analysis for these
product groups in order to understand these trends. However, we caution with
regard to the interpretation of these results as production activities are only
represented in monetary terms in our data. For air transportation our previous
discussion on producer CO2 emissions applies. Gas distribution is the only
product group in quadrant III.

It is important to highlight that we cannot be fully confident about the detailed results
shown in Figures 4.17 and 4.18 as they can be associated with considerable error
margins (see Wiedmann et al., 2008b). Even though we believe that the overall
picture might be reasonable we cannot put a lot of weight to developments in
individual sectors. Further research would be required to confirm individual sector
trends for supporting specific sector policies.
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Figure 4.18 – Model MCI: Consumption vs technologically induced CO2 emission changes of 123 product
groups consumed in the UK 1992-2004, Mt CO2
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What drives CO2 emissions directly released by UK households?
In this sub-section we address the only emission component missing from the
consumer and producer CO2 emission analysed so far: direct CO2 emissions from
households. Due to an unsatisfactory data situation for transport related emissions,
we will focus on the remaining household emissions, which are mainly associated
with housing.
Housing
Direct emissions from fuel use of households for housing (non-travel) are
summarised in Figure 4.19. Between 1992 and 2004 fuel use related annual CO 2
emissions from housing increased by 2.4 Mt. This increase is the result of several
underlying developments. First, changes in the fuel mix – mainly from coal and
smokeless solid fuels (SSF) to gas - reduced CO2 emissions continuously from 1994
onwards. An overall CO2 emission reduction of 4.9 Mt was achieved between 1992
and 2004. These fuel mix changes contributed to a relative de-coupling of direct fuel
use and their associated CO2 emissions as highlighted in Figure 4.20 (see also
Figures 4.21 and 4.22).

Figure 4.19 – Model MHD: Cumulative changes in direct CO2 emissions of UK households by 6 major
decomposition factors
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Second, further reductions in CO2 emissions of 1.7 Mt were achieved through a
slight decrease in fuel use levels per household. While in 1992 every household
burned approximately 1.55 toe of fuels, this decreased to 1.52 toe in 2004. As welll
as trends in efficiency this represents the decreasing household size in the UK (see
Table 3) – and an associated reduction in the average floorspace area per
household. Additional pressures were added by the growing UK resident population.
Jointly both forces caused more than 8.3 Mt tonnes in additional annual CO2
between 1992 and 2004 (see Table 4.5).
Third, as most fuels are used for heating (see Appendix E) more important than the
slight reductions in per household fuel use are the large fluctuations across years,
which resemble the variations in outside temperature particularly during the winter
season. These also largely determine the changes in total CO 2 emissions in Figure
4.19. The influence of outside temperature can be seen in Figure 4.20 where we
map developments in annual mean temperature, CO2 emissions, fuel use and the
average room temperature (internal temperature).14 Figure 4.20 clearly shows the
anti-cyclic trends between mean temperature on the one hand and fuel use and CO 2
emissions on the other hand..

Δfm

Δfuh

Δhs

Δpp

Δother

Δtotal

Coal

-6.6

-0.1

0.2

0.1

0.1

-6.3

Gas

7.2

-1.2

4.0

2.7

1.1

13.8

Fuel Oil

-0.0

0.0

0.0

0.0

0.0

-0.0

Gas Oil

-0.3

-0.0

0.0

0.0

0.0

-0.3

Anthracite

-2.4

-0.2

0.2

0.1

0.1

-2.2

Burning Oil

1.1

-0.1

0.4

0.3

0.1

1.8

Coke

-0.6

0.0

0.0

0.0

0.0

-0.6

LPG

-0.3

-0.0

0.1

0.0

0.0

-0.2

Petroleum Coke

-0.9

-0.0

0.0

0.0

0.0

-0.9

SSF

-2.4

-0.0

0.1

0.1

0.0

-2.2

Total Factor Change

-5.3

-1.7

5.2

3.4

1.5

3.0

Table 4.5 - Drivers behind changes in direct CO2 emissions in the UK from fuel use in UK households,
1992-2004, in Mt CO2, fm – fuel mix, fuh – levels of fuel use per household, hs – average UK household
size, pp – UK resident population

However, even though overall outside temperatures seem to rise between 1992 and
2004, the same is true for fuel use levels. Moreover, it appears in Figure 4.20 that
14

Ideally we would use mean temperature changes for the late autumn, winter and early spring month only.
However, as such data was not readily available we used annual mean temperature data provided by BERR,
which was sufficient to support the argument:
See, www.berr.gov.uk/files/file47214.xls
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per household fuel use levels - in contrast to average annual mean temperatures –
show less pronounced oscillations for later years. This suggests other forces are at
work. One of the most important might be the considerable rise in temperature levels
within UK homes. Between 1992 and 2004 the internal temperatures increased from
15.5° to 18.0° putting additional demands on household fuel use.15

Figure 4.20 – Trends in direct fuel use, associated CO2 emissions, internal as well as external
temperatures (BERR, 2008)

Note that we have only looked at direct CO2 emissions of household from the use of
fuels in UK homes. It would be equally interesting to analyse their use of electricity
by purpose (even though the use of electricity only gives rise to indirect CO2
emissions from a household perspective).

15

Note that we will attempt to quantify these effects in the final version of this report, if time allows.
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Figure 4.21 – Model MHD: Cumulative changes in
Direct CO2 Emissions from Housing by Fuel Type
through changes in Fuel Mix by purpose

Figure 4.22 – Model MHD: Cumulative changes in
Direct CO2 emissions from housing by Purpose
through Changes in Fuel Mix
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Some Remarks on Result Sensitivity

General sensitivity MRIO model
As mentioned before DEFRA published a time series of consumer emission
estimates in 2008 (Wiedmann et al. 2008a). After the publication SEI continued to
develop the underlying MRIO model and corrected for misallocations in the regional
import matrices for the years 1995, 2003 and 2004 (see grey shaded areas). For this
study we deflated prices in the UK-MRIO-1 model, which led to some changes in
estimates.
For transparency Table 5.1 compares these three sets of results. In the first line the
original results published in Wiedmann et al. (2008a) are shown. The second line
contains the revised estimates with the trade corrections. In the third line the
emissions of the deflated model used from this study are shown (blue shaded). We
consider the trade corrected results to be the benchmark for our new model results.

Year

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

Consumer Emissions: UK Carbon Footprint
Wiedmann et al.
(2008a)

647.2

638.8

634.0

652.3

651.0

660.6

680.3

664.9

680.7

732.1

730.1

763.6

762.4

Wiedmann et al.
(2008a) with trade
corrections

646.8

638.9

634.1

616.4

651.0

660.6

682.2

666.5

682.5

731.9

730.4

724.2

730.3

This report

656.9

650.5

644.8

620.1

652.1

660.2

685.8

671.2

682.5

730.9

728.9

721.4

733.2

Table 5.1 – Consumer Emission Results from Different Versions of the UK-MRIO-1 Model

The differences in consumer emissions in the new study can almost entirely be
attributed to the import related emission components of the model. Even though the
deflation results in a slightly different allocation of UK emissions to domestic and
foreign final demands, these differences were of minor importance. With production
data for non-UK regions only available for 1997 and 2001, which was already
rudimentarily deflated in Wiedmann et al. (2008a), the differences in results are a
reflection of the deflation of the UK import matrices undertaken in this project.
Therefore, it is not surprising that these differences are largest for the years furthest
away from the years 1997 and 2001 for which foreign production data is available:
this is the time period 1992-1994. From 1995 results are reasonably close to the
benchmark.
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There is a good case that these results are an improvement to the old ones as they
correct for some deflationary effects associated with UK imports. However, there are
also uncertainties associated with some of the deflators used due to matters of data
availability as highlighted in the data section. In fact, the larger divergence of results
in earlier years could also be a reflection of the fact that the deflation was undertaken
based on much less information. Still, estimates lie within the error bands presented
in Wiedmann et al. (2008b) and for most years they largely match.

Added sensitivities: structural decomposition analysis
Figure 5.1 shows the result of a territorial decomposition using 6 factors. The vertical
axis represents each of the 56,160 change factors in the decomposition equation.
The percentage deviation varies from approximately -87% to about 90%. Figure 5.1
shows that these large deviations are associated with term changes with relatively
small magnitudes.
In fact, only 10 per cent of terms have a deviation greater than 20 per cent and their
average value is about 1.3 million tonnes of CO2. As pointed out in de Haan (2001)
there is considerable variation in change terms that appear in the decomposition
equation. He found that for 24 decomposition forms, the percentage deviation from
the mean ranged from 60% to +70%. Many take this as an indication of how wrong it
would be to arbitrarily pick just one of the n! equations, and consider the average
estimate of all decomposition forms to be solution to the problem of non-uniqueness
(see, e.g., Dietzenbacher & Los, 1998; De Haan, 2001; Rørmose & Olsen, 2005).

5.1 Decomposition of CO2 Emissions Individual ‘Change Terms’
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Figure 5.2 shows histograms of the estimated 720 component changes with 32
different values for the year 1999 for each of the six factors. A kernel density
estimate is superimposed. The vertical solid red lines in each panel is used to mark
the location of the average and median (thick and thin lines respectively), the two
dashed red vertical lines mark the location of the one standard deviation from the
mean. Clearly in most cases (and this is true for all other years) the average is not
representative of the distribution. These results clearly question the wisdom of the
standard ad-hoc solution of the SDA non-uniqueness problem of taking averages of
the decomposition results, whether of the two-polar decompositions or of all n! exact
decompositions, as they are not representative of the central tendency. This
evidence also suggests that standard deviations are also not appropriate.
Considering the skewness and multimodality of the distribution of the results,
reporting the ranges, as suggested in passing by Dietzenbacher & Los (1998),
seems to be justified. Ranges, which give considerable weight to the tail behaviour
as opposed to other measure of spread, do provide a conservative estimate of
variation.

Figure 5.2 - Decomposition of CO2 Emissions Individual ‘Change Terms’ for 1999
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5

Limitations and Future Research

This report provides unique evidence on the drivers behind changes in producer and
consumer CO2 emissions in the UK for the time period 1992-2004 using a structural
decomposition approach. The analysis utilises time series input-output data
developed for DEFRA in a previous project (Wiedmann et al., 2008a). Also from a
research perspective the report provides some ground-breaking analysis providing
the first comprehensive structural decomposition analysis within the context of a
multi-regional input-output model covering the global economy over a time period of
13 years.
Even though we believe that very relevant and sufficiently robust results could be
generated for this report to be a valuable source of evidence for the UK climate
change discussion, the analysis is also subject to a series of limitations, which
demands caution in terms of interpretation and application for policy purposes. In this
Section we will discuss the most relevant of these limitations and outline if and how
they could be overcome in future research.

Limitations
Several limitations associated with this piece of work are related to the UK-MRIO-1
model and have been discussed in depth in Wiedmann et al. (2008a) and Wiedmann
et al. (2008b). We reinforce the recommendations made in these reports with regard
to the improvements of the UK-MRIO-1. We will only further comment on some of
these issues to the extent they were brought back to the surface by our analysis
here. Overall we see four major limitations to the analysis:



UK input-output and environmental account data: Results are limited by the
quality of the UK input-output and environmental account data used for this
decomposition exercise. The data was constructed in a previous project for
DEFRA (Wiedmann et al. 2008a) as a response to the absence of official
analytical input-output tables from ONS for recent years. 16 The required price
conversions and estimations of import matrices had to be undertaken based on
comparatively sparse information. Further uncertainties were introduced through
the matrix balancing procedures that had to be performed on the data (see
Appendix G). As a result the supply and use tables applied in this project do not

16

Please note that the most recent analytical input-output table published by ONS covers the year 1995. More
recent data will not to be provided before 2010/11 and will not cover a 13 year time period as the data used here.
The supply and use tables published by ONS are not suitable for modelling as the data is provided in a mixed
price system (basic and purchasers prices) and the supply table is only provided at a high aggregation level with
suppressed information. Further, imports and domestic products are not distinguishable. Note that there were no
resources within this project to convert the most recent supply and use data for 2005 and 2006 into tables
suitable for modelling (http://www.statistics.gov.uk/about/methodology_by_theme/inputoutput/latestdata.asp).
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live up to the usual standards of the analytical input-output data published by the
ONS. However, a sensitivity analysis carried out prior to this project (Wiedmann
et al., 2008b) showed that the UK-MRIO-1 model provides sufficiently robust
results at high levels of aggregation. Uncertainty levels grow with sectoral detail.
Figure 6.1 provides an example of decomposition results at the most detailed,
123 sector level for changes in the structure of final demand. The increased
uncertainty seems to be well captured by the relatively large range bands around
our estimated effects. Also, these effects, consistent with the previous literature
(see e.g., Haan, 2001) are often relatively small compared to, say, the level of
demand. Because of the uncertainty and relatively small magnitudes, the
interpretation at this level of aggregation requires particular care. For instance,
Fig 6.1 seems to suggest that consumers have changed the composition of their
consumption baskets by demanding a larger proportion of goods requiring more
organic chemicals and less iron and steel. It is difficult to judge to what extent
these sectoral trends reflect actual developments in the UK economy and to what
extent they show noise in the data.

Figure 6.1 – Cumulative changes in UK producer CO2 emissions from changes in the structure of
final demand 1992-2004 (top ten sectors), in Mt



Deflation of monetary data: The UK-MRIO-1 model as presented in Wiedmann
et al. (2008a; 2008b) is based on supply and use tables in current, basic prices.
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For decomposition exercises, tables in constant, basic prices are required.17 Data
availability was particularly limited for service sectors. The SPPI data used in this
project is still experimental,18 not available for all service sector of the UK inputoutput classification and provided only from 1996 (or even 1998) onwards. Linear
trends in the SPPI index were assumed in order to obtain data for the period
1992 to 1995 (1997). While this procedure seemed to provide reasonable results
for most service sectors, it resulted in a very strong deflation in very few
individual sectors.
The SPPI of the aviation industry provided the most extreme case with the SPPI
index moving from 55 to 129. Even though alternative ways of extrapolation were
explored (see Figure 6.2), which would have resulted in less rapid growth of the
index between 1992 and 1997, it was decided to use linear trends for the
extrapolation for consistency.We therefore need to caution in terms of the
robustness of the results for the aviation sector in this study, which could be
considerably distorted through the deflation undertaken here. However, we would
also like to point out the fact that the impact of this strong deflation was rather
one of smoothing out than driving the strong positive trends in Figures 4.5 and
4.6 (observe the development over time).

160

y = 6.2042x + 48.681
R2 = 0.9682
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y = 64.5e0.053x
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Figure 6.2 – Three alternative ways of extrapolating the SPPI index for the aviation industry 1992-1997



17
18

Representation of foreign regions in the model: To our knowledge this is the
first comprehensive SDA study for a longer sequence of consecutive years based
on a multi-regional input-output model. However, such a model could not be built

Otherwise decomposition results could be heavily influenced by inflationary trends in the economy.
For information please visit the ONS website: http://www.statistics.gov.uk/statbase/product.asp?vlnk=7351
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without any trade-offs. This concerned particularly the representation of foreign
regions in the UK-MRIO-1 model.
While we were able to compile CO2 emissions, economic output and import data
for all regions in the model and all years, this was not possible for the
representation of production technologies outside the UK, where input-output
tables were only available for 2 time periods (1997 and 2001). This needs to be
taken into account when results are interpreted. Moreover, foreign sectors could
only be depicted at a lower sectoral resolution for foreign regions than for the UK
as outlined in Wiedmann et al. (2008a).
Even though UK-MRIO-1 model seemed to perform well at high aggregation
levels, we generally cannot attach the same levels of confidence to import-related
CO2 emissions estimates particularly for detailed results. However, the approach
taken seems to be much more appropriate than the alternative of imputing
import-related CO2 emissions based on the assumption of identical production
technologies at home and abroad as often applied elsewhere in the literature
(e.g. Common and Salma, 1992; Munksgaard et al., 2000, Yabe, 2004; Sanchez
Choliz and Duarte, 2006; Wu et al., 2007; Munoz and Hubacek, 2008). In fact,
Weber (2009) highlights that the level of aggregation at which decomposition
analyses are performed is a sensitive parameter for the determination of
structural change and that future studies should specifically address the amount
of detail necessary to adequately measure changes in economic structure. Here
we show that national production needs to be embedded in the context of global
production activities for a comprehensive understanding of structural change.



Structural Decomposition Analysis: Structural Decomposition Analysis can be
used to breakdown observed changes in pollution emissions into several
components representing changes in technology and consumer behaviour.
These components can provide considerable insight into the driving forces
underlying changes in emissions.
However, evidence remains often indirect and complex requiring considerable
attention to be correctly interpreted. For instance, a particular driver typically
affects several emission components. As an example, consider a shift towards
service industries. Expanding sectors might be able to avail themselves of newer,
more energy efficient technologies resulting in decreasing average energy
intensity. This shift can therefore also manifest itself through changes in emission
intensity and input structure of the economy. Therefore, establishing a causeeffect relationship can be difficult.
Moreover, concomitant developments, such as the dash for gas, can behave as
confounding factors, making the interpretation more difficult. In fact, a change
from coal to gas in electricity production can be captured by various factors such
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as fuel intensity, fuel mix and input-structure. In order to be properly understood,
many relative changes need to be interpreted jointly, often with additional
contextual information. Often, once adequately understood, results can be more
easily understood if presented at a high sectoral aggregation level which can hide
the true complexity underlying a specific change.

Future Research
Hence, the biggest limitations are attached to the detailed sector results provided by
this SDA exercise undertaken using the UK-MRIO-1 model. We responded to this
challenge by deriving the majority of our findings from results at high sectoral
aggregation levels and believe that these should be sufficiently robust for informing
climate change policy in the UK. However, more data and model developments will
be required, if more weight is to be put on sector results in the future and extend the
range of applications of such an analysis. In the light of these limitations and our
findings we see two major lines of policy-relevant climate change research arising
from our analysis:



Maintain UK multi-regional input-output model: We believe that this report has
further underlined the importance of a global environmental multi-regional inputoutput model for informing UK climate change policies. In a highly interdependent
world economy, it is difficult to understand structural change and its implications
in terms of carbon emissions outside the global context. We would see a big
value in a maintained and regularly updated multi-regional input-output model
that has the UK economy at its centre. This could, but does not necessarily have
to be a development of the UK-MRIO-1 model.19
Such a model should provide more detailed and more reliable sector results.
Analytical input-output tables published on a yearly basis by ONS as well as time
series input-output data in constant prices would provide an appropriate starting
point in terms of UK data. We welcome the higher sector detail of the next set of
analytical input-output tables to be published in 2010 by ONS and urge the
provision of environmental account data at the same level of detail. We see
important applications for such data in the context of the PAS 2050, product
roadmaps or market transformation among others.
Compared to the UK-MRIO-1, foreign regions should be presented in more
sectoral as well as regional detail. All main trading partners of the UK should be
represented in such a model including the emerging economies such as China,
India and Brazil and the full sector detail of the GTAP and/or EXIOPOL

19

Detailed recommendations for the development of UK-MRIO-1 has been provided in Wiedmann et al.,
2008a).
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databases should be used. More recent foreign production data for the year 2004
has also been published in the GTAP7 database in the meantime (see,
https://www.gtap.agecon.purdue.edu/).



Reassess role of service sector in UK climate change challenge: Our
analysis has shown the importance of services as a driver of CO2 emissions in
other sectors through their supply chains. While this supports similar findings by
other researchers in the U.S. and Japan (Suh, 2006; Nansai et al., 2007), it
stands in contrast to most climate change discussions of service industries in the
UK, which often focus on their small direct CO2 emission component (e.g. Helm,
2007; ONS, 2008). Also in the context of the current development of carbon
footprinting methodologies (incl. PAS 2050) as well as life cycle assessments
(see Suh et al., 2004; Suh, 2004), services are often widely neglected. Our
analysis suggests that a new, comprehensive evaluation of the contribution of
services in the UK climate challenge would be beneficial for the design of
effective carbon reduction strategies in the UK. In this context we would
emphasise the importance of distinguishing between “conventional” services as
defined in the national accounts and “green product service systems”, which are
explicitly designed to save resources and carbon.
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6

Conclusion
This report provides evidence on the drivers behind yearly changes in producer
and consumer CO2 emissions in the UK for the time period 1992-2004 applying
structural decomposition analysis in an environmental input-output framework.
The information obtained provides unique evidence for informing the UK climate
change mitigation discussion and constitutes the first comprehensive structural
decomposition analysis for an individual country based on a global multi-regional
input-output model for such a long annual time series. Our results focus on
changes in CO2 emissions over an extended time period of 13 years, free from
major oil shocks, a time of economic growth and wealth in the UK accompanied
by considerable changes in technology, trade, and consumer behaviour in the UK
and the world economy.
The analysis demonstrates the importance of considering structural changes in
the UK economy (and associated CO2 emissions changes) within a global context
(e.g. Peters, 2008) in the light of rapidly expanding international trade. Our
results show that the environmental consequences of economic activity can no
longer be understood within the confines of an isolated small region. A broader
recognition and understanding of structural change and global linkages is
required. This must be and was reflected in the modelling.
Apart from the need to understand the influence of trade on national CO2
emission inventories as discussed in Wiedmann et al. (2008a), this project
therefore demonstrates the importance of the availability of a detailed global
environmental input-output model such as the UK-MRIO-1 for adequately
understanding what is causing CO2 emission changes in the UK.
This is underlined by the summary of the main results below:



Sectoral UK producer CO2 emissions increased by 4Mt between 1992 and 2004,
while the increased reliance on imports from other countries led to more
substantial growth in the sectoral consumer emission account of 69 Mt over the
same period of time. Most of the growth in import-related CO2 emissions occurred
in the “rest of the world” region including the emerging economies such as China,
India or Brazil and other developing countries without binding emission targets in
the current international climate change regime.
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In this decomposition exercise we quantified the contribution of individual drivers
to these changes in the UK‟s producer and consumer CO2 emission accounts.
The overall increase in both accounts mainly resulted from CO2 emission growth
induced by rising levels of final consumption in the UK. Changes in final
consumption levels caused an increase in annual CO2 emissions of 203 Mt for
producer emissions and 249Mt for consumer emissions between 1992 and 2004
respectively. Only a small portion (one fifth) of these could be explained by sociodemographic forces – namely the trend towards a decreasing household size in
the UK and the growing resident population. CO2 emission reductions from
efficiency improvements in the domestic (for producer emissions) and global (for
consumer emissions) economy as well as changes in the structure of final
demand in the UK were not sufficiently large to off-set these rising levels of CO2
emissions from final consumption growth: technological progress and shifts
towards greener consumption patterns were simply not fast enough to bring net
CO2 emission reductions.



CO2 emission savings through reductions in the carbon intensity of UK sectors
and changes in the fuel mix were mainly associated with the “dash for gas” in the
early 1990s resulting from the privatisation of the UK electricity industry. Overall,
changes in sectoral fuel use avoided a total of 105 Mt CO2 (producer emissions).
However, most of these savings were achieved in the early 1990s. With
continuously rising levels of fuel use in the UK and the positive effects from the
“dash for gas” on sectoral fuel use levelling off, little progress has been made
since the late 1990s in saving additional carbon emissions through improvements
in the sectoral fuel use. This is a worrying trend in the light of the pressures from
growing final consumption levels in the UK as described above.



A further 60Mt reduction in annual producer CO2 emissions was achieved
through structural shifts in the UK‟s domestic production structure between 1992
and 2004. Looking at direct CO2 emission contributions of UK sectors, our
analysis shows that these reductions were associated with the on-going transition
of the UK towards a service economy. This was the second major source of CO2
emission savings in the UK between 1992 and 2004.



However, further analysis showed that during this transition the UK has not
become less dependent on (intermediate and final) manufactured products.
Manufactured products are just increasingly imported from elsewhere in the
world. Analysing UK CO2 emission changes in a global model, which is not
restricted to the boundaries of the national economy, shows that CO2 emissions
reductions from changes in the UK‟s domestic production structure are just the
result of wider changes in the international division of labour for the production of
goods and services consumed in the UK, where more carbon intensive activities
are increasingly performed elsewhere in the world.
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Hence, the CO2 emission reductions from changes in the UK‟s domestic
production structure from its increased specialisation on services is accompanied
by CO2 emission increases from changes in the production structure in all foreign
regions of our model. Overall, once the global production system is considered in
the provision of final goods and services to the UK consumer, structural changes
in the (world) economy only lead to CO2 emission savings of 11Mt CO2. This also
means that shifts in the international division of labour currently tend to reduce
the levels of emissions shown in the UK‟s producer and UNFCCC CO2 emission
accounts. A similar storyline can be drawn for CO2 emission reductions from
changes in the UK final demand structure.


While services sectors appeared to be very “climate friendly” if analysis is
restricted to direct CO2 emission contributions, the picture changed fundamentally
once the analysis also included the indirect CO2 emissions from the supply chain
of services. Our analysis revealed that service sector demands were a major
driver of direct CO2 emissions in other sectors through their supply chain. Overall,
services were the largest individual contributor to changes in sectoral consumer
CO2 emissions in the UK between 1992 and 2004 once all direct and indirect
emissions are accounted for.
These findings are consistent with studies focussing on the US, Japan and
elsewhere (Suh, 2006; Nansai et al., 2007) and cast doubts on the climatefriendly reputation often associated with services. Our analysis therefore
suggests that service industries should be given more weight in climate change
discussions. This also concerns the inclusion of services in life cycle analysis
studies – an issue that should be raised in the context of the further development
of the PAS 2050 as well as other international efforts to standardise carbon
footprinting.

The aim of this report is to provide an understanding of the driving forces behind CO2
emission trends in the UK and not to provide specific policy recommendations.
However, the fact that technological development has not been fast enough in
saving CO2 emissions to keep up with CO2 emission rise from growing consumption
levels in the UK suggests the need for an efficiency revolution on the production and
consumption side of the economy.
In terms of the provision of adequate evidence for informing the UK climate change
discussions, this report has highlighted the importance of global models for
understanding CO2 emission changes. Moreover, it shows that a sole focus on direct
CO2 emissions only will not provide adequate coverage of many important drivers
behind changes in CO2 emissions. Particularly, to keep track of the climate change
impact of services, both direct and indirect CO2 emissions estimates are required on
a yearly basis. This finding also exposes the limitations in the life cycle literature
where information for a wide range of services is absent. We feel in fact, that a more
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detailed analysis on the potential contribution of services for reaching UK climate
change targets would be beneficial.
Our findings highlight the importance of developing a more detailed, regularly
updated, multi-regional input-output model for the UK (see, Wiedmann et al., 2008a).
This would provide an important source of evidence in the UK climate change
challenge (e.g. Product Roadmaps; Market Transformation; PAS 2050/ Carbon
Footprinting). The UK government has been one of the pioneers in putting its
progress in producer CO2 emissions into the context of international trade. This
report confirms the direction taken and provides further arguments for the growing
need for taking a global perspective when addressing environmental concerns in an
increasingly interdependent world.

59

7

Acknowledgements

We are indebted to Prof. Manfred Lenzen and Richard Wood from the University of
Sydney, who contributed to this project by co-developing UK-MRIO-1 data and
model jointly with Stockholm Environment Institute (SEI). Moreover, we would like to
thank Ian Gazley from ONS for being so responsive, providing additional data for this
project and commenting on an earlier version of this report. Finally, we would like to
acknowledge Rocky Harris for initiating this project and all his comments and
suggestions. It is needless to say that the report remains the sole responsibility of
the authors.

60

8

Appendix A: 123 Sector Breakdown

IO No

Sector Name

SIC Code

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Agriculture, hunting and related service activities
Forestry, logging and related service activities
Fishing, fish farming and related service activities
Mining of coal and lignite; extraction of peat
Extraction of crude petroleum and natural gas; service activities incidental to oil and gas extraction
Mining of metal ores
Other mining and quarrying
Production, processing and preserving of meat and meat products
Processing and preserving of fish and fish products; fruit and vegetables
Vegetable and animal oils and fats
Dairy products
Grain mill products, starches and starch products
Prepared animal feeds
Bread, rusks and biscuits; pastry goods and cakes
Sugar
Cocoa; chocolate and sugar confectionery
Other food products
Alcoholic beverages - alcohol and malt
Production of mineral waters and soft drinks
Tobacco products
Preparation and spinning of textile fibres
Textile weaving
Finishing of textiles
Made-up textile articles, except apparel
Carpets and rugs
Other textiles
Knitted and crocheted fabrics and articles
Wearing apparel; dressing and dyeing of fur
Tanning and dressing of leather; luggage, handbags, saddlery and harness
Footwear
Wood and wood products, except furniture
Pulp, paper and paperboard
Articles of paper and paperboard
Publishing, printing and reproduction of recorded media
Coke, refined petroleum products and nuclear fuel
Industrial gases, dyes and pigments
Other inorganic basic chemicals
Other organic basic chemicals
Fertilisers and nitrogen compounds
Plastics and synthetic rubber in primary forms
Pesticides and other agro-chemical products
Paints, varnishes and similar coatings, printing ink and mastics
Pharmaceuticals, medicinal chemicals and botanical products
Soap and detergents, cleaning and polishing preparations, perfumes and toilet preparations
Other chemical products
Man-made fibres
Rubber products
Plastic products
Glass and glass products
Ceramic goods
Bricks, tiles and construction products in baked clay
Cement, lime and plaster
Articles of concrete, plaster and cement; cutting, shaping and finishing of stone; manufacture of other nonmetallic mineral products
Basic iron and steel and of ferro-alloys; manufacture of tubes and other first processing of iron and steel
Basic precious and non-ferrous metals
Casting of metals
Structural metal products
Tanks, reservoirs and containers of metal; central heating radiators and boilers; steam generators
Forging, pressing, stamping and roll forming of metal; powder metallurgy; treatment and coating of metals
Cutlery, tools and general hardware
Other fabricated metal products
Machinery for the production and use of mechanical power, except aircraft, vehicle and cycle engines
Other general purpose machinery
Agricultural and forestry machinery
Machine tools
Other special purpose machinery

01
02
05
10
11 + 12
13
14
15.1
15.2 + 15.3
15.4
15.5
15.6
15.7
15.81 + 15.82
15.83
15.84
15.85 to 15.89
15.91 to 15.97
15.98
16
17.1
17.2
17.3
17.4
17.51
17.52 to 17.54
17.6 + 17.7
18
19.1 + 19.2
19.3
20
21.1
21.2
22
23
24.11 + 24.12
24.13
24.14
24.15
24.16 + 24.17
24.2
24.3
24.4
24.5
24.6
24.7
25.1
25.2
26.1
26.2 + 26.3
26.4
26.5

53
54
55
56
57
58
59
60
61
62
63
64
65
66

61

26.6 to 26.8
27.1 to 27.3
27.4
27.5
28.1
28.2 + 28.3
28.4 + 28.5
28.6
28.7
29.1
29.2
29.3
29.4
29.5

67
68
69
70
71
72
73
74
75
76
77
78

Weapons and ammunition
Domestic appliances not elsewhere classified
Office machinery and computers
Electric motors, generators and transformers; manufacture of electricity distribution and control apparatus
Insulated wire and cable
Electrical equipment not elsewhere classified
Electronic valves and tubes and other electronic components
Television and radio transmitters and apparatus for line telephony and line telegraphy
Television and radio receivers, sound or video recording or reproducing apparatus and associated goods
Medical, precision and optical instruments, watches and clocks
Motor vehicles, trailers and semi-trailers
Building and repairing of ships and boats

79

Other transport equipment

80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

Aircraft and spacecraft
Furniture
Jewellery and related articles; musical instruments
Sports goods, games and toys
Miscellaneous manufacturing not elsewhere classified; recycling
Production, transmission and distribution of electricity
Gas; distribution of gaseous fuels through mains; steam and hot water supply
Collection, purification and distribution of water
Construction
Sale, maintenance and repair of motor vehicles and motorcycles; retail sale of automotive fuel
Wholesale trade and commission trade, except of motor vehicles and motorcycles
Retail trade, except of motor vehicles and motorcycles; repair of personal and household goods
Hotels and restaurants
Transport via railways
Other land transport; transport via pipelines
Water transport
Air transport
Supporting and auxiliary transport activities; activities of travel agencies
Post and courier activities
Telecommunications
Financial intermediation, except insurance and pension funding
Insurance and pension funding, except compulsory social security
Activities auxiliary to financial intermediation
Real estate activities with own property; letting of own property, except dwellings
Letting of dwellings, including imputed rent
Real estate activities on a fee or contract basis
Renting of machinery and equipment without operator and of personal and household goods
Computer and related activities
Research and development
Legal activities
Accounting, book-keeping and auditing activities; tax consultancy
Market research and public opinion polling; business / management consultancy activities; management
activities of holding companies
Architectural and engineering activities and related technical consultancy; technical testing and analysis
Advertising
Other business services
Public administration and defence; compulsory social security
Education
Human health and veterinary activities
Social work activities
Sewage and refuse disposal, sanitation and similar activities
Activities of membership organisations not elsewhere classified
Recreational, cultural and sporting activities
Other service activities
Private households employing staff and undifferentiated production activities of households for own use

111
112
113
114
115
116
117
118
119
120
121
122
123

Table A.1 – UK 123 sector breakdown
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29.6
29.7
30
31.1 + 31.2
31.3
31.4 to 31.6
32.1
32.2
32.3
33
34
35.1
35.2 + 35.4 +
35.5
35.3
36.1
36.2 + 36.3
36.4 + 36.5
36.6 + 37
40.1
40.2 + 40.3
41
45
50
51
52
55
60.1
60.2 + 60.3
61
62
63
64.1
64.2
65
66
67
70.1 + 70.2(pt)
70.2 (pt)
70.3
71
72
73
74.11
74.12
74.13 to 74.15
74.2 + 74.3
74.4
74.5 to 74.8
75
80
85.1 + 85.2
85.3
90
91
92
93
95 to 97

9

Appendix B: List of Fuel Types included in this
study

Fuel

Description

Anthracite

a hard type of coal with a carbon content of greater than 93%.

Aviation turbine fuel

This is a fuel used for aircraft jet engines, consisting either of kerosine (a
petroleum fuel) or a mixture of naphtha and kerosine.

Blast Furnace gas
(BF gas)

This is mainly produced and consumed within the iron and steel industry. It
is obtained as a by-product of iron making in a blast furnace, and is recovered
on leaving the furnace and used partly within the plant and partly in other steel
industry processes or in power plants equipped to burn it.

Burning oil

Otherwise known as kerosene and is a refined petroleum fuel, intermediate in
volatility between motor spirit and gas oil, and it used for lighting and heating.

Coal

This covers all grades of coal including slurry. This is a naturally occurring
solid fuel which exists in the form of seams at varying depths below the earth's
surface. In this study we distinguish three uses of fuel and apply different
emission factors accordingly: domestic uses, industrial uses by power plants,
other industrial uses

Coke

This is the dense product of the carbonization of coal in an oven. The process
of carbonization involves the decomposition of coal by heat in the absence of
air. Coke is used as a fuel and assist in chemical processes in blast furnaces.

Coke-oven gas

This is a gas produced as a by-product of solid fuel carbonisation and
gasification at coke ovens, but not from low temperature carbonisation plants.
As described above, carbonization involves the decomposition of matter by
heat in the absence of air. Gasification involves the conversion of a solid or
liquid feedstock to a lower molecular weight gaseous fuel of lower carbon to
hydrogen ratio.

Colliery Methane
(CH4)

a colourless, odourless gas that occurs in coal mines. It is the chief
component of natural gas.

DERV

This is diesel engined road vehicle fuel.

Fuel oil

These are the heavy oils from the refining process. These are used as fuel in
furnaces and boilers of power stations, industry, in domestic and industrial
heating and ships.

Gas oil

The medium oil from the refinery process; used as fuel in diesel engines,
burned in central heating systems and as a feedstock in the chemical industry.

Liquefied petroleum
gas (LPG)

This is gas, usually propane (C3H8) or butane (C4H10), derived from oil under
pressure so that it is in liquid form. Often used to power portable cooking
stoves or heaters and to fuel some types of vehicle, e.g fork-lift trucks

MSW

This is municipal solid waste.

Naphtha

A product of distillation of crude oil, and is often used as a solvent.

Natural gas

This is a mixture of naturally occurring gases found either in isolation, or
associated with crude oil, in underground reservoirs. The main component is
methane. Other components that may be present include ethane, propane,
butane, hydrogen sulphide and carbon dioxide, but these are mostly removed
at or near the well head in gas processing plants.

Landfill gas

This is gas that is not used as fuel, formed from the decomposition of organic
matter in landfill.
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Sewage gas
Orimulsion

This is an emulsion of bitumen in water and is used as a fuel in power
stations.

Petrol

a complex blend of products from crude oil distillation and is used as fuel for
motor vehicles.

Petroleum coke

This is the solid carbon-containing material obtained as a by-product by the
decomposition of gasoline into fractions of lower molecular weight using high
temperatures.

Scrap tyres
Sour gas

This is a gas burned on offshore platforms, consisting mainly of methane and
some other
hydrocarbons. Hydrocarbons are all compounds of carbon and hydrogen only.

SSF

This is solid smokeless fuel.

Waste oils

This is a mixture of solvents and oils and is burnt in cement kilns.
Table B.1 - Fuel type descriptions
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10 Appendix C: Emission factors
Emission factors for different sources and fuel types are provided in the National
Emission Inventory. Time series information were provided by ONS. In order to
combine these with the fuel statistics provided in ONS Environmental Accounts all
emission factors needed to be expressed in terms of kilotonnes of CO2 per million
tonnes of oil equivalent. This conversion required standard energy unit conversions
as well as conversions of from weight into energy content of fuel types. For the latter
information on the gross calorific value of different fuel types were taken from DECC
(2009). Currently, CO2 emission factors in energy units are derived using gross
calorific values consistent with the approach currently taken by DEFRA (2007).
Information on the gross calorific value of fuels was only available for selected
number of years (1990, 2000, 2003, 2004). Values for the remaining years were
derived through a simple linear interpolation.

Table C.1 - Fuel Type specific CO2 coefficients

Note that we cannot attach the same levels of confidence to the different emission
factors. However, for all major fuel types, the data availability was satisfactory and
comparatively robust emission factors could be derived. Emission factors were
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derived for the year 2006 and compared with the factors provided in DEFRA (2008).
These results confirmed emission factors of all major fuel types derived for this
study.
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11 Appendix D: Aggregation Schemes Used

Country coverage of three world regions in the UK-MRIO-1 model
In Table D.1 the country coverage of the three word regions in the UK-MRIO-1
model is provided. For detailed information see Wiedmann et al. (2008a).

Region e

Region o

Region w

OECD Europe

OECD non-Europe

non-OECD (rest of the
world)

Austria

Canada

All other countries

Belgium

Mexico

Czech Republic

United States

(Note that this region

Denmark

Australia

includes the large

Finland

Japan

economies of Russia,

France

Korea

China, India etc as well

Germany

New Zealand

as all countries that

Greece

joined the European

Hungary

Union in 2004 and are not

Iceland

in the OECD, i.e.

Ireland

Cyprus, Estonia, Latvia,

Italy

Lithuania, Malta and

Luxembourg

Slovenia)

Netherlands
Norway
Poland
Portugal
Slovak Republic
Spain
Sweden
Switzerland
Turkey
Table D.1 - Country coverage of three world regions in the UK-MRIO-1 model as in Nijdam et al. (2005)
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Aggregation scheme fuel use data
Table D.2 provides the aggregation scheme mapping 32 fuel types (and sources)
into eight major fuel type categories. This aggregation scheme was used to present
results of Section 4 more concisely.
Coal

Nat.
Gas

Petrol

DERV

Fuel
Oil

Gas
Oil

Aviation turbine fuel

0

Aviation spirit

0

0

0

0

0

Blast furnace gas

0

0

Burning oil

0

Coal (industrial)

0

0

0

1

0

0

0

0

1

0

0

0

0

0

0

1

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

Coal (power plants)

1

0

0

0

0

0

0

0

Coke

0

0

0

0

0

0

0

1

Coke oven gas

0

0

0

0

0

0

0

1

Colliery methane

0

0

0

0

0

0

0

1

DERV

0

0

0

1

0

0

0

0

Fuel Oil

0

0

0

0

1

0

0

0

Gas Oil

0

0

0

0

0

1

0

0

Landfill gas

0

0

0

0

0

0

0

1

LPG (Butane and propane)

0

0

0

0

0

0

0

1

Lubricants

0

0

0

0

0

0

0

1

MSW

0

0

0

0

0

0

0

1

Naphtha

0

0

0

0

0

0

0

1

Natural Gas

0

1

0

0

0

0

0

0

Nat. Gas (off shore own combustion)

0

1

0

0

0

0

0

0

Natural Gas (feedstock use)

0

1

0

0

0

0

0

0

OPG (Other petroleum gas)

0

0

0

0

0

0

0

1

Orimulsion

0

0

0

0

0

0

0

1

Petroleum coke

0

0

0

0

0

0

0

1

Petrol

0

0

1

0

0

0

0

0

Refinery miscellaneous

0

0

0

0

0

0

0

1

Scrap tyres

0

0

0

0

0

0

0

1

Sewage gas

0

0

0

0

0

0

0

1

Sour gas

0

0

0

0

0

0

0

1

SSF

0

0

0

0

0

0

0

1

Waste

0

0

0

0

0

0

0

1

Waste oils

0

0

0

0

0

0

0

1

Table D.2 – Aggregation Scheme Fuel Types
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Aviation
Fuels

Other

Sector Aggregation

69

Table D.3 – Aggregation Scheme Sectors
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12 Appendix E: Additional Graphs and Figures

UK Producer Emissions

Figure E.1 – Model MPD: Cumulative changes in
direct sectoral producer CO2 emissions from changes in
sectoral fuel use 1992-2004, in Mt CO2, top ten sectors

Figure E.2 – Model MPD: Cumulative changes in
direct sectoral producer CO2 emissions from
changes in production structure 1992-2004, in Mt
CO2, top ten sectors

Figure E.3 – Model MPD: Cumulative changes in
direct sectoral producer CO2 emissions from changes in
final demand structure 1992-2004, in Mt CO2, top ten
sectors

Figure E.4 – Model MPD: Cumulative changes in
direct sectoral producer CO2 emissions from
changes in final demand levels 1992-2004, in Mt
CO2, top ten sectors
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Figure E.5 – Model MPI: Cumulative changes in
direct and indirect sectoral producer CO2
emissions from changes in sectoral fuel use 19922004, in Mt CO2, top ten sectors

Figure E.6 – Model MPI: Cumulative changes in
direct and indirect sectoral producer CO2
emissions from changes in production structure
1992-2004, in Mt CO2, top ten sectors

Figure E.7 – Model MPI: Cumulative changes in
direct and indirect sectoral producer CO2
emissions from changes in final demand structure
1992-2004, in Mt CO2, top ten sectors

Figure E.8 – Model MPI: Cumulative changes in
direct and indirect sectoral producer CO2
emissions from changes in final demand levels
1992-2004, in Mt CO2, top ten sectors
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Territorial Emission Approximation (Producer emissions excluding
international aviation and shipping)

Figure E.9 – Model MTD/MTI: Cumulative changes in direct territorial CO2 emissions by six major
drivers 1992-2004, in Mt CO2

Figure E.11 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in fuel mix 1992-2004, in Mt CO2, top ten
fuels

Figure E.10 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in CO2 intensity of fuels 1992-2004, in Mt
CO2, top ten fuels
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Figure E.12 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in sectoral fuel intensity 1992-2004, in Mt
CO2, top ten fuels

Figure E.13 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in production structure 1992-2004, in Mt
CO2, top ten fuels

Figure E.14 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in final demand structure 1992-2004, in Mt
CO2, top ten fuels

Figure E.15 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in final demand levels 1992-2004, in Mt
CO2, top ten fuels
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Figure E.16 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in CO2 intensity of fuels 1992-2004, in Mt
CO2, top ten sectors

Figure E.17 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in fuel mix 1992-2004, in Mt CO2, top ten
sectors

Figure E.18 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in sectoral fuel intensity 1992-2004, in Mt
CO2, top ten sectors

Figure E.19 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in production structure 1992-2004, in Mt
CO2, top ten sectors
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Figure E.21 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in final demand levels 1992-2004, in Mt
CO2, top ten sectors

Figure E.20 – Model MTD: Cumulative changes in
direct sectoral territorial CO2 emissions from
changes in final demand structure 1992-2004, in Mt
CO2, top ten sectors
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Δcif
Coal
Natural Gas
Petrol

0.17
1.24
0.03
0.20

Δfm

Δfi

ΔL

81.38

26.65
21.14
6.95
7.82
5.53
6.69

13.51
9.95

Δfi

ΔL

65.63
9.91

Δys
9.23
6.32

Δyl
59.75
50.50

ΔTotal
70.84
77.48
9.64

0.38
0.30
6.57
DERV
12.85
6.70
1.76
20.19
16.57
Fuel Oil
0.12
25.35
3.03
2.89
9.32
27.36
Gas Oil
0.06
7.49
1.35
1.14
10.46
6.28
Aviation Fuels
0.00
0.55
0.39
0.36
0.98
1.85
0.35
Other Fuels
0.50
4.20
7.12
15.18
7.71
22.81
3.49
Total Factor Change
1.74
42.01
81.50
49.70
29.73 181.45
23.22
Table E.1 – Model MTD: Drivers behind changes in sectoral territorial CO2 emissions in the UK by fuel
type, 1992-2004, in Mt CO2, cif - CO2 intensity of fuel types, fm – fuel mix, fi – fuel intensity, L –
production structure, ys – final demand structure, yl – final demand levels

Δcif
Agriculture, resource extraction
Manufacturing
Utilities
Transport
Services
Total Factor Change

Δfm

Δys

Δyl

ΔTotal

- 2.70

- 0.28

2.03

- 1.24

- 3.92

10.37

4.26

- 0.33

- 6.17

- 15.88

- 35.57

- 13.15

51.54

- 19.56

1.33

- 33.57

- 35.37

- 9.19

- 11.98

77.16

- 11.61

- 0.08

0.24

1.36

- 8.74

- 2.35

14.88

5.31

0.04

- 2.22

- 33.64

5.03

1.66

27.51

- 1.62

- 1.74

- 42.01

- 81.50

- 49.70

- 29.73

181.45

- 23.22

Table E.2 – Model MTD: Drivers behind changes in sectoral territorial CO2 emissions in the UK
by major economic sectors, 1992-2004, in Mt CO2, cif - CO2 intensity of fuel types, fm – fuel
mix, fi – fuel intensity, L – production structure, ys – final demand structure, yl – final demand
levels

77

78

UK Consumer Emissions

Figure E.21 – Model MCI: Cumulative changes in
direct and indirect sectoral consumer CO2
emissions from changes in sectoral CO2 intensity
1992-2004, in Mt CO2, top ten sectors

Figure E.22 – Model MCI: Cumulative changes in
direct and indirect sectoral consumer CO2
emissions from changes in production structure
1992-2004, in Mt CO2, top ten sectors

Figure E.23 – Model MCI: Cumulative changes in
direct and indirect sectoral consumer CO2
emissions from changes in the final demand
structure 1992-2004, in Mt CO2, top ten sectors

Figure E.24 – Model MCI: Cumulative changes in
direct and indirect sectoral consumer CO2
emissions from changes in per household final
demand levels, in Mt CO2, top ten sectors
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Figure E.26 – Model MCI: Cumulative changes in
direct and indirect sectoral consumer CO2
emissions from changes in resident population
1992-2004, in Mt CO2, top ten sectors

Figure E.25 – Model MCI: Cumulative changes in
direct and indirect sectoral consumer CO2
emissions from changes household size 1992-2004,
in Mt CO2, top ten sectors

80

Direct Household Emissions - Housing

Figure E.27 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing from changes
in CO2 intensity of fuels by fuel use purpose 19922004, in Mt CO2

Figure E.28 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing from changes
in fuel mix by fuel use purpose 1992-2004, in Mt
CO2

Figure E.29 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing from changes
in structure of fuel use by fuel use purpose 19922004, in Mt CO2

Figure E.30 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing from changes
in levels of fuel use per household by fuel use
purpose 1992-2004, in Mt CO2
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Figure E.31 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing from changes
in household size by fuel use purpose 1992-2004, in
Mt CO2

Figure E.32 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing from changes
resident population by fuel use purpose 1992-2004,
in Mt CO2

Figure E.33 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing through
changes in CO2 intensities of fuels by fuel type
1992-2004, in Mt CO2

Figure E.34 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing through
changes in the fuel mix by fuel type 1992-2004, in
Mt CO2
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Figure E.35 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing through
changes in the structure of use by fuel type 19922004, in Mt CO2

Figure E.36 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing through
changes in per household fuel use levels by fuel
types 1992-2004, in Mt CO2

Figure E.37 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing through
changes in household size by fuel type 1992-2004,
in Mt CO2

Figure E.38 – Model MHD: Cumulative Changes in
Direct CO2 Emissions from Housing through
changes in resident population by fuel types 19922004, in Mt CO2
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13 Appendix F: Detailed Results
Due to the large amount of data generated in this project we only present the
detailed results for changes between 1992-2004 here to conserve space. However,
result for any other selection of years within this time period can be provided on
request by the authors. For matters of conciseness we will use the following
abbreviations for referring to the different decomposition factors.

Abbreviation

Description

Δcif

Changes in CO2 intensity of fuel types

Δfm

Changes in the fuel mix

Δfi

Changes in direct fuel intensity of secoral output

Δcis

Changes in direct CO2 intensity of sectoral output

ΔL

Changes in the production structure

Δys

Changes in the structure of final demand

Δyl

Changes in final demand levels

Δylh

Changes in final demand levels per UK household

Δhs

Changes in household size (UK household/resident population)

Δpp

Changes in the resident population
Table F.1 – Definition of abbreviations used in this Section
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Producer Emissions – Fuel type specific results

Table F.1 - Model MPD: Changes in direct producer CO2 emissions by six major determinants and fuel
types 1992-1998, in Mt CO2
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Table F.2 – Model MPD: Changes in direct producer CO2 emissions by six major determinants and fuel
types 1992-2004, in Mt CO2
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Territorial Emissions (Producer emissions excl. international
aviation and shipping)– Fuel type specific results

Table F.3 Model MTD: Changes in direct territorial CO2 emissions by six major determinants and fuel
types 1992-1998, in Mt CO2
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Table F.4 – Model MTD: Changes in direct territorial CO2 emissions by six major determinants and fuel
types 1992-2004, in Mt CO2

88

Producer Emissions – Sector specific results

Table F.5a – Model MPD: Change in Direct Producer CO2 Emissions by six major determinants and 123
sectors in the UK 1992-1998, in Mt CO2
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Table F.5b – Model MPD: Change in Direct Producer CO2 Emissions by six major determinants and 123
sectors in the UK 1992-1998, in Mt CO2
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Table F.6a – Model MPD: Change in Direct Producer CO2 Emissions by six major determinants and 123
sectors in the UK 1992-2004, in Mt CO2
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Table F.6b – Model MPD: Change in Direct Producer CO2 Emissions by six major determinants and 123
sectors in the UK 1992-2004, in Mt CO2
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Territorial Emissions (Producer Emissions excl. international
aviation and bunker fuels) – Sector specific results

Table F.7a – Model MTD: Change in direct territorial CO2 emissions by six major determinants and 123
sectors in the UK 1992-1998, in Mt CO2
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Table F.7b – Model MTD: Change in direct territorial CO2 emissions by six major determinants and 123
sectors in the UK 1992-1998, in Mt CO2
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Table F.8a – Model MTD: Change in direct territorial CO2 emissions by six major determinants and 123
sectors in the UK 1992-2004, in Mt CO2
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Table F.8b – Model MTD: Change in direct territorial CO2 emissions by six major determinants and 123
sectors in the UK 1992-2004, in Mt CO2
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Consumer Emissions – Sector Results

Table F.9a – Model MCI: Change in Direct and Indirect Consumer CO2 Emissions by six major
determinants and 123 sectors in the UK 1992-1998, in Mt CO2
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Table F.9b – Model MCI: Change in Direct and Indirect Consumer CO2 Emissions by six major
determinants and 123 sectors in the UK 1992-1998, in Mt CO2
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Table F.10a – Model MCI: Change in Direct and Indirect Consumer CO2 Emissions by six major
determinants and 123 sectors in the UK 1992-2004, in Mt CO2
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Table F.10b – Model MCI: Change in Direct and Indirect Consumer CO2 Emissions by six major
determinants and 123 sectors in the UK 1992-2004, in Mt CO2
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14 Appendix G – Data sources and Preparation
This Appendix contains a brief description of data sources and preparation of the
UK-MRIO-1 model. For details the reader is referred to Wiedmann et al. (2008a).
This Section is largely taken from the main body of this report.

Data sources and preparation
A detailed description of all data sources and of how the data of the UK-MRIO-1
model were prepared is provided in Section Error! Reference source not found. of
Wiedmann et al. (2008a). We used publicly available input-output data from the UK
Office for National Statistics (ONS) 20 , 21 and from Eurostat, trade data from HM
Revenue and Customs, foreign input-output data from the Global Trade Analysis
Project (GTAP) provided by the Netherlands Environmental Assessment Agency
(MNP), price indices from OECD, GDP data by sector from UN statistics and CO2
emissions data from ONS Environmental Accounts and from the International Energy
Agency.

Balancing data by using the CRAS method
A common problem in compiling and updating Social Accounting Matrices (SAM) or
input-output tables is that of incomplete or inconsistent data. Missing or conflicting
matrix elements may be due to a variety of reasons such as costly and therefore
incomplete industry surveys, the suppression of confidential information and
inconsistencies when sectors have to be disaggregated. The latter two are specific
problems in the compilation of the UK-MRIO-1 model.
External data points can be used to formulate a system of equations that constrain
the unknown matrix elements. Constraints in this context are „fixed‟ data values, i.e.
any data points in the system that are known with sufficient accuracy. Any available
and reliable data can serve as constraints. In order to constrain the preliminary
estimate of IO tables, it is important to incorporate as many sources of superior data
as possible. However, unknowns usually outnumber external constraints, resulting in
the system being underdetermined, that is exhibiting too many degrees of freedom to
be solved analytically. 22 The two most prominent numerical approaches for
20

21

22

Only data available from the ONS website http://www.statistics.gov.uk/inputoutput were
used. No additional input-output data could be made available by ONS upon request.
All input-output data were left in current years prices in order to minimise error through price
conversion.
A sensitivity analysis based on Monte-Carlo simulation will be carried out in 2008 to test the
stability of the results.
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reconciling such an underdetermined system are probably the RAS method, and
constrained optimisation.
During the past 40 years, both approaches have successfully tackled a number of
challenges, leading to a number of useful features23: Ideally, the technique should


incorporate constraints on arbitrarily sized and shaped subsets of matrix
elements, instead of only fixing row and column sums;



allow considering the reliability of the initial estimate;



allow considering the reliability of external constraints;



be able to handle negative values and to preserve the sign of matrix elements if
required;



be able to handle conflicting external data.

While all criteria have been addressed by constrained optimisation methods, there is
currently no RAS-type technique that satisfies the last criterion. In particular the
inability of RAS to deal with conflicting external data represents a considerable
drawback for practice, because for most statistical agencies such data are often
rather the norm than the exception.
The most simple case of conflicting data is probably a situation in which two data
sources are located that prescribe two different values for the same matrix entry,
resulting in inconsistent constraints. When faced with such constraints, existing RAS
variants adjust the respective matrix element in turn to both directly conflicting
values, and thus enter into oscillations without ever converging to a satisfactory
solution.
More generally, sets of external data can be conflicting indirectly amongst each
other. In practice, indirect conflict might present itself for example when on one hand,
data on final demand and output of iron ore suggest a certain intermediate demand
of iron ore, however on the other hand this intermediate demand is too large to be
absorbed by the iron and steel manufacturing sector. Further examples involving
conflicting external information are GDP measures24, and multi-national and regional
input-output systems. In practice, such inconsistencies are often traced and adjusted
manually by statisticians.25
23

24

25

Lahr and Mesnard (2004) provide a recent overview of extensions to the classic RAS
technique.
Barker et al. (1984, p.475) write: “… we observed that the income, expenditure, production
and financial estimates of data are typically inconsistent. The presence of such accounting
inconsistencies emphasises the unreliable nature of economic data.” See also (Smith et al.
1998).
Barker et al. (1984, p.475) remark that “…trading off the relative degrees of uncertainty of
the various data items in the system in order to adjust the prior data to fit the accounting
identities […] is essentially what national income accountants do during the last stages of
compiling the accounts when faced mith major discrepancies between data from different
sources”. Dalgaard and Gysting (2004a, p.170) report that many analysts responsible for
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In this work we use a new RAS variant that is able to handle conflicting external data
and inconsistent constraints. We achieve this capability by introducing standard error
estimates for external data. We build on previous RAS variants that satisfy the
remaining criteria, and thus arrive at a RAS-type method that matches the
capabilities of constrained optimisation. We will refer to this method as CRAS
(Conflicting RAS).

compiling input-output tables favour manual adjustment, because “based on the experience
that many errors in primary statistics are spotted in the course of a balancing process that is
predominantly manual, compilers are typically convinced that a (mainly) manual balancing
process yields results of higher quality than those emanating from a purely automatic
balancing of the accounts. From that point of view, the resources involved in manual
balancing are justified as a very efficient consistency check on the accounts.”
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15 Appendix H – Differences between UNFCCC and
Environmental Account inventories
The following text is taken from the UK‟s official Environmental Account publication
(ONS, 2008d). There are a number of formats for the reporting and recording of
atmospheric emissions data, including those used by Defra for reporting greenhouse
gases under the United Nations Framework Convention on Climate Change
(UNFCCC) and the Kyoto Protocol, and for reporting air pollutant emissions to the
United Nations Economic Commission for Europe (UNECE), which differ from the
National Accounts consistent measure published by ONS.
Differences between the National Accounts measure and those used for reporting
under the UNFCCC and the Kyoto Protocol, following the guidance of the
Intergovernmental Panel on Climate Change (IPCC), are shown in Table H.1.
The National Accounts measure puts emissions on an UK residents basis by
including all emissions generated by UK households and businesses transport at
home and abroad and excluding emissions generated by non-residents travel and
transport in the UK. This allows for a more consistent comparison with key National
Account indicators such as gross domestic product and gross value added. The
National Accounts measure also includes emissions of CO2 from biomass.
Greenhouse gas emissions reported following IPCC guidance for UNFCCC and
Kyoto Protocol purposes are reported on a territory basis. They therefore include
emissions from within an individual country but exclude emissions from international
transport. (Reporting of air pollutant emissions to the UNECE is also on a „territorial‟
basis). „Net‟ greenhouse gas emissions reported under the UNFCCC include the
total of all emissions and then net off removals from changes in land use and
forestry. More detailed emissions data on this basis are published by Defra.
The measure of greenhouse gas emissions used to monitor progress against the
UK‟s Kyoto Protocol target of a 12.5 per cent reduction by the period 2008-2012
differs slightly from the UNFCCC net greenhouse gases total previously mentioned
because it uses a narrower definition of land use change and forestry, and
additionally includes emissions from a number of Overseas Territories. This measure
is used in the UK‟s climate change sustainable development indicator published by
Defra. Table H.1 also shows the baseline used for this reduction target.
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Environmental Account
Bunker emissions (-)
CO2 biomass (-)
Cross-boundary (-)
Crown Dependencies (+)
Land, Land-Use Change and
Forestry (LULUCF) (+)
DECC Reported (Excl.
Overseas Territories)
Overseas Territories (including
net emissions from land use
change/forestry) (+)
UNFCCC reported in the UK
Greenhouse Gas Inventory

1992
619
24
4
13
1

1993
607
25
4
13
1

1994
602
25
5
12
2

1995
595
27
5
13
2

1996
623
29
5
16
2

1997
602
31
6
16
2

1998
608
34
6
16
2

1999
598
34
6
16
2

2000
609
36
7
17
2

2001
626
36
7
21
1

2002
610
34
8
23
1

2003
624
35
8
25
1

2004
631
38
10
27
1

2

1

1

1

1

1

0

-0

-0

-0

-1

-1

-2

583

568

562

553

575

552

554

543

551

563

545

556

556

619

607

602

595

623

602

608

598

609

626

610

624

631

Table H.1 – Transition Table between UNFCCC and Environmental Accounts for CO 2 Emissions 19922004 (in Mt CO2 Emissions)
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