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Abstract

Green growth? A consumption perspective on Swedish environmental
impact trends using input–output analysis

M̊arten Berglund

Consumption-based environmental impact trends for the Swedish economy have
been generated and analysed in order to determine their levels compared to official
production-based data, and to determine whether or not the Swedish economy has
decoupled growth in domestic final demand from worldwide environmental impact.
Three energy resources (oil, coal and gas use, as well as their aggregate fossil fuel
use) and seven emissions (CO2, CH4, N2O, SO2, NOx, CO and NMVOC, as well
as the aggregate CO2 equivalents) were studied. An augmented single-regional
input–output model has been deployed, with world average energy and emission
intensities used for products produced abroad. A new method for updating input–
output tables for years missing official input–output tables, was also developed.
For each of the resources and the emissions, two time series were generated based
on two different revisions of Swedish national accounts data, one for the period
1993–2003, the other for the period 2000–2005. The analysis uses a recently re-
vised time series of environmental data from the Swedish environmental accounts,
as well as recently published global environmental data from the IEA and from
the EDGAR emissions database (all data from 2010 or later). An index decompo-
sition analysis was also performed to detect the various components of the time
series. For fossil fuels consumption-based data don’t differ much from production-
based data in total. For the greenhouse gases there is a clear increase (CO2eq
emissions increase approximately 20 % from 1993–2005, mainly driven by an in-
crease in CH4 emissions), resulting from increased emissions abroad due to the
increased demand for imported products. This suggests Sweden has not decoupled
economic growth from increasing greenhouse gas emissions – contrary to what the
slightly decreasing official production-based UNFCCC data say. For the precursor
gases (SO2, NOx, CO and NMVOC), emissions are generally decreasing, with the
exception of SO2 and NOx which increase in the second time series. For all emis-
sions studied, consumption-based data lie at much higher levels than the official
production-based UNFCCC data. However, further research is needed regarding
the resolution of the data of the energy use and the emissions generated abroad
by the Swedish domestic final demand. Also, extension of the time series and of
the environmental parameters to such things as material use is needed to find out
with more certainty to what extent Swedish growth has been sustainable or not.

Keywords: Input–output analysis, emissions embodied in trade, environmental
Kuznets curve, index decomposition analysis, green growth, IPAT equation, car-
bon footprint, consumption-based accounting, fossil fuels, greenhouse gases, atmo-
spheric pollution, Sweden.
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Referat

Grön tillväxt? Svensk miljöp̊averkan ur ett konsumtionsperspektiv med
tillämpning av input–output-analys

M̊arten Berglund

I den här studien har konsumtionsbaserade tidsserier p̊a svensk fossilbränslean-
vändning och p̊a svenska utsläpp av luftföroreningar tagits fram i avsikt att jäm-
föra dessa med de officiella produktionsbaserade tidsserierna. Syftet har varit att
avgöra om det svenska samhällets p̊averkan p̊a resurser och miljö ur ett konsum-
tionsperspektiv har minskat eller ökat över tiden, och framförallt om en frikoppling
har skett mellan den svenska ekonomiska tillväxten och den p̊averkan Sverige har
p̊a miljön i Sverige och utomlands. Tre fossila bränslen (olja, kol, gas samt aggre-
gatet fossila bränslen) och sju luftföroreningar (CO2, CH4, N2O, SO2, NOx, CO
och NMVOC samt aggregatet CO2-ekvivalenter) har analyserats. En enkelregion-
al input–output-modell har tagits fram, utökad med globala medelintensiteter för
den produktion som sker utanför Sverige. En ny metod har ocks̊a utvecklats för
att generera input–output-tabeller för år där officiella s̊adana tabeller saknas. För
samtliga energiresurser och luftföroreningar, upprättades tv̊a stycken tidsserier,
baserat p̊a tv̊a olika revisioner av ekonomiska data fr̊an nationalräkenskaperna.
Den första tidsserien täcker åren 1993–2003, och den andra åren 2000–2005. Miljö-
data togs fr̊an nyligen reviderade tidsserier fr̊an de svenska miljöräkenskaperna
samt fr̊an IEA och den internationella luftföroreningsdatabasen EDGAR (alla da-
ta reviderade 2010 eller senare). En komponentanalys utfördes ocks̊a, för att iden-
tifiera olika bidragande komponenter i tidsserierna. Vad gäller fossila bränslen i
sin helhet, uppst̊ar ingen markant skillnad mellan konsumtionsbaserade och pro-
duktionsbaserade data. Vad gäller växthusgaserna kan en klar ökning urskiljas
(20 procents ökning av CO2-ekvivalenter mellan 1993–2005; CH4-utsläppen har
där bidragit mest), vilket beror p̊a stigande utsläpp utomlands orsakade av ökad
efterfr̊agan p̊a importerade produkter. Detta antyder att den svenska tillväxten
ännu inte frikopplats fr̊an ökade utsläpp av växthusgaser, vilket st̊ar i motsats
till den minskning i utsläpp som de officiella produktionsbaserade siffrorna fr̊an
UNFCCC-rapporteringen redovisar. För övriga luftföroreningar (SO2, NOx, CO
och NMVOC), sker i allmänhet en minskning, förutom för SO2 och NOx som ökar
i den andra tidsserien. Samtliga luftföroreningar ligger vidare p̊a en betydligt högre
niv̊a jämfört med UNFCCC-rapporteringen. Mer detaljerade studier behövs dock
p̊a den energiförbrukning och de utsläpp som svensk slutlig användning för med
sig utomlands. Tidsserierna behöver ocks̊a förlängas och fler miljövariabler som
t.ex. materialanvändningen behöver studeras för att kunna dra säkrare slutsatser
kring i vilken utsträckning som den svenska tillväxten har varit h̊allbar eller ej.

Nyckelord : Input–output-analys, inbäddade utsläpp, miljö-Kuznetskurvan,
komponentanalys, grön tillväxt, IPAT, kolavtryck, konsumtionsbaserad bokföring,
fossila bränslen, växthusgaser, luftföroreningar, Sverige.
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Populärvetenskaplig sammanfattning

I den här rapporten behandlas fr̊agan om det är möjligt att leva i ett samhälle
med ständig ekonomisk tillväxt1 utan att samtidigt tära p̊a naturresurser och miljö
p̊a ett oh̊allbart sätt. Många menar att det är dagens konsumtionssamhälle som
är grundorsaken till v̊ara miljöproblem, och att vi är tvungna att sl̊a in p̊a en
annan väg om vi ska kunna rädda v̊ar planet fr̊an utarmade resurser och ökade
temperaturer.

En del menar å andra sidan att det är den ekonomiska tillväxten som gör att vi
har r̊ad att göra n̊agot åt miljöproblemen, och som skapar möjlighet att utveckla
nya energitekniker och renare industrier. En del statistik över länders ekonomiska
utveckling och deras miljötillst̊and, visar till och med hur miljöproblemen i ett land
visserligen till att börja med förvärras med stigande BNP, men efter en viss niv̊a
tenderar dessa miljöproblem att avta ju högre landets BNP blir. Detta samband,
som kan beskrivas med en kurva som tar formen av ett uppochnedvänt U, brukar
kallas för miljö-Kuznetskurvan.

Detta resonemang g̊ar dock att problematisera ytterligare. Uppst̊ar denna miljö-
Kuznetskurva även när man tar hänsyn till den miljöp̊averkan som ett land orsakar
utomlands genom sin import? Kanske är det s̊a att v̊ar miljö p̊a hemmaplan har
kunnat bli bättre tack vare att vi har flyttat ut tung och smutsig industri till
andra länder som nu producerar de produkter vi efterfr̊agar. När det gäller fr̊agan
om huruvida v̊ar ekonomiska tillväxt och v̊ar konsumtion är h̊allbar eller ej, s̊a
kan det inte vara rimligt att bara titta p̊a den miljöp̊averkan som uppkommer i
Sverige, utan vi m̊aste först̊as ta reda p̊a vilka konsekvenser denna konsumtion f̊ar
p̊a miljön i b̊ade Sverige och utomlands.

I den här rapporten är det just den svenska konsumtionens p̊averkan p̊a miljön i
b̊ade Sverige och utomlands som har analyserats. Ett centralt tema för rapporten
är att de direkta miljöeffekterna som uppkommer av att ett företag tillverkar en
produkt, inte är det enda intressanta. För att tillverka n̊agot s̊a behöver ju ett
företag köpa in andra produkter som har tillverkats n̊agon annanstans (eventuellt
utomlands till och med), och dessa produkter har i sin tur sina best̊andsdelar som
tillverkats n̊agon annanstans, och s̊a vidare. Och i varje s̊adant steg uppkommer
miljöp̊averkan. Att analysera denna tillverkningskedja är själva poängen med den
metod som kallas för input–output-analys och som har använts för att ta fram
resultaten i denna rapport.

Input–output-analysen är fr̊an början en ekonomisk metod, men när den tillämpas
inom miljöomr̊adet, s̊a är den nära besläktad med livscykelanalysen. Skillnaden
är att när livscykelanalysen tittar i detalj p̊a den miljöp̊averkan en viss speci-
fik produkt orsakar genom hela sin livscykel, s̊a tittar input–output-analysen p̊a
miljöp̊averkan fr̊an en hel bransch, eller ett helt land.

1Med ekonomisk tillväxt i ett land, menar vi ökningen av det landets BNP, brutto-
nationalprodukten.
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P̊a sätt och vis kan därför denna rapport ses som en livscykelanalys över hela det
svenska samhället. Det är dock inte bara en livscykelanalys, utan för att kunna se
utvecklingen över tid för de miljöeffekter som denna rapport tar upp, s̊a har up-
prepade s̊adana här livscykelanalyser utförts för varje år mellan 1993 till 2005. De
miljöeffekter som studerats är användningen av fossila bränslen (olja, kol och gas),
samt utsläppen av växthusgaser (koldioxid, metan och lustgas) och av svaveldiox-
id, kväveoxider, kolmonoxid och gruppen av föroreningar med s̊a kallade flyktiga
organiska ämnen (exklusive metan).

När man försöker ta reda p̊a t.ex. vilka utsläpp som sker i Sverige eller utom-
lands i de olika stegen i den här tillverkningskedjan som nämndes tidigare, s̊a är
det – om man ska göra en analys över ett helt land – i stort sett omöjligt att
samla in exakta uppgifter fr̊an alla företag om deras utsläpp. Istället baserar man
beräkningarna p̊a det ekonomiska värdet för de produkter som företagen producer-
ar, samt de totala utsläppen för varje bransch. P̊a s̊a sätt f̊ar man fram en s̊a kallad
utsläppsintensitet, som beskriver ett för en viss bransch genomsnittligt värde p̊a
hur stora utsläppen är per krona producerad vara. Utsläppsintensiteten är s̊a att
säga kopplingen mellan de ekonomiska värdena i kronor, och de fysiska värdena
i form av t.ex. kilo koldioxid. För att uppskatta de utsläpp som v̊ar import or-
sakar utomlands, används ocks̊a dessa utsläppsintensiteter, fast justerat mot ett
världsgenomsnitt p̊a grund av att Sverige har en mycket renare och mindre ut-
släppsintensiv industri än vad som är det normala i de länder som v̊ar import
tillverkas i.

De mest intressanta resultaten i rapporten visar att gruppen av växthusgaser
(koldioxid, lustgas och metan) har tillsammans ur ett konsumtionsperspektiv ökat
med ca 20 procent mellan 1993 och 2005. Framförallt är det metanet som bidragit
till denna ökning. Detta skiljer sig fr̊an de officiella siffror som Sverige rapporterar
till FN:s klimatkonvention, där istället en liten minskning har skett under samma
period. Ökningen hänger direkt ihop med v̊ar ökande konsumtion, i synnerhet
eftersom ökad konsumtion ocks̊a innebär ökad import och därmed ökade utsläpp
utomlands.

För samtliga luftföroreningar som ingick i studien gäller vidare att de ligger p̊a en
mycket högre niv̊a under hela perioden jämfört med de officiella siffrorna. Vissa
resultat i studien är dock mer positiva, t.ex. har utsläppen av kolmonoxid under
perioden minskat.

Slutsatsen som kan dras är att för Sveriges del s̊a har den ekonomiska tillväxten än
s̊a länge inte kunnat förenas med minskande utsläpp fr̊an v̊ar konsumtion, åtmin-
stone inte i fallet med växthusgaser. Fler och noggrannare undersökningar behöver
dock göras för att f̊a fram säkrare samband mellan tillväxt och miljöp̊averkan,
t.ex. genom att även titta p̊a andra miljöproblem som r̊avaruanvändningen och
genereringen av avfall.
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Chapter 1

Introduction

The consumption society and the economic system of today’s world with its urge
for continuous economic growth, has among many environmentalists and concerned
citizens been pointed out as being the root cause to all environmental problems.

This is however not a trivial and undisputed fact since – as many economists has
argued – when looking at various countries in the world, the richer the country, the
less environmental problems the country has, at least to some extent. This relation
is described by the so called environmental Kuznets curve: as a country develops
it goes through a stage of deteriorating environment, which, after a sufficient level
of development, starts to level off and eventually the environment in the country
starts to improve.

However, such conclusions are based on measuring the environmental load only
in that particular country. Going one step further, it is therefore reasonable to
analyse that particular country’s environmental pressure on the world as a whole,
and find out if that load is increasing or decreasing with increasing prosperity.
Only then could we more accurately determine if the consumption society of today
– and in particular the economic growth – is associated with the environmental
problems or not.

This study is an attempt to contribute to that project, by analysing the envi-
ronmental pressure Sweden and its citizens impose on the world, and how that
pressure is developing with time and economic level.

The most widely used method to examine the environmental effects of the con-
sumption for a whole country, is environmental input–output analysis.1 Input–
output analysis is a powerful method used in economics to analyse the production
needed upstream throughout the whole supply chain, to satisfy the consumption
of some product or, collectively, some set of products. The environmental input–
output analysis extends this to cover all the environmental pressure, e.g. emissions,
occurring upstream throughout the whole supply chain, caused by some kind of
consumption – including the emissions occurring abroad. It can be considered to
be a sort of life cycle assessment, applicable to whole industries or whole countries.

1See Chapter 3.3 for studies.

1
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This study can in that sense be regarded as a time series of life cycle assessments
of Sweden as a whole country.2

1.1 Objective of the study

The primary objective of the study is to evaluate whether the environmental pres-
sure that the Swedish consumption causes is increasing or decreasing with time
and economic level. A secondary objective, motivated by climate change nego-
tiations, is to examine the official figures of environmental pressure such as CO2

that are allocated to Sweden compared to the environmental pressure Swedish
consumption causes. Another secondary objective is to estimate the environmen-
tal pressure caused by consumption of different kinds of products, in order to see
which type of consumption should be encouraged or discouraged.

1.2 Method, data and delimitations

To determine the environmental pressure caused upstream by Swedish consump-
tion, an environmental input–output model of the Swedish economy is developed.
The model developed is a single-regional input–output model, augmented with
world average energy and emission intensities for the production occurring abroad.
This means that the model, in theory, includes all emissions from the whole sup-
ply chain from the whole world, but with some assumptions, the most important
being that the production structure for the world is approximated by the Swedish
production structure, and that all emissions abroad have the same intensities, no
matter where abroad they are produced.3 When speaking about Swedish consump-
tion here, we mean, in economic terminology, final demand less exports, i.e. public
and private consumption, and investments, but not exports (however, investments
in the exports industry have not been excluded).

The environmental pressure caused downstream after consumption, i.e. the pres-
sure caused by use and disposal, is also part of the study.

Economic data come from the Swedish national accounts in two revisions, one for
the period 1993–2003, the other for the period 2000–2005. Environmental data
come from a newly revised time series from the Swedish environmental accounts
covering 1993–2005; all environmental variables in the environmental accounts
that refer to fossil fuels are used; all environmental variables in the environmental
accounts that have its correspondence in the official UNFCCC emissions data have
been used. Environmental data for the world are taken from recently published
figures from the IEA, and from the international EDGAR emissions database, both

2This analogy is used by e.g. Hendrickson et al., 2006.
3World average intensities for the rest of the world could be accused for being quite a strong

assumption, but in Chapter 4.3.3 it will be concluded that it is reasonable.
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covering the period 1993–2005. World economic data to calculate world average
intensities, come from the World Bank.

The environmental variables are the following:

� Fossil fuels: Oil, coal and gas use, and the aggregate fossil fuel use. Note
that this is fossil fuel use, and not supply, i.e. transformation losses are not
included.

� Emissions: CO2, CH4, N2O, SO2, NOx, CO and NMVOC, and the aggregate
CO2 equivalents.

Environmental variables are plotted against time and against economic level. Eco-
nomic level is final demand less exports per capita.

The purpose with the broad selection of environmental variables has been to give
an overview only of the consumption-based development of these variables, en-
couraging more in-depth analysis of specific variables for future studies. Environ-
mental variables not part of the study are for instance use of minerals, water use,
overfishing, total oil consumption (only oil used for fuel is counted in this study,
e.g. oil in plastics industry is not included), total energy consumption (including
consumption of electricity), emissions of phosphorus and nitrogen to aquatic sys-
tems, emissions of persistent organic pollutants, and waste flows. Also, changes in
emissions due to natural sinks like land use change and forestry, are not included.
Environmental pressure, like emissions caused by the treatment of waste exported
to other countries, is not included either. Another issue not included is the de-
velopment of the Swedish ecological footprint, which would be a relevant issue to
analyse in future research. See Chapter 6.4 for an overview of aspects not part of
this study but which are suggested for further research.

1.3 Outline of the report

After this introduction, a background follows in Chapter 2 that dwells more deeply
into the rationale and context of the study, analysing in more detail the debate
about economic growth and environmental degradation. Chapter 3, gives the
theoretical foundation of the environmental input–output analysis, as well as its
foundation in the system of national accounts, and the environmental accounts.
Chapter 4 describes in detail the method used in this study and Chapter 5 presents
the results. In Chapter 6 the results and conclusions drawn from them are dis-
cussed, and an overview of the various outcomes of the whole study is presented;
this chapter also concludes with suggestions for further research.
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1.4 Supporting information and technical details

Homepage of the report : Supporting information, i.e. the whole Excel database
with all calculations and results, can be found on the following web page:
http://www.fysast.uu.se/ges/en/marten-berglund.

Email of the author : The author of the report can be contacted through e-mail at
marten.berglund@physics.uu.se.

Browsing the report : It is possible to browse the PDF version of the report as a
hypertext. Headings in the table of contents, literature references in footnotes and
chapter references etc. are all clickable links. After clicking, to return to where you
were, push Alt + left arrow. To go forwards again, push Alt + right arrow. The
same applies to the blue links in the contents sheets of the Excel database. Many
of the references in the reference list also have links attached which by clicking
leads directly to the referred text on the Web (some texts may require subscription
though).

Software: The report is written in LATEX with the help of the LYX editor. Figures
are drawn in Inkscape, and diagrams are made in MATLAB. The database is built
in Microsoft Office Excel.

http://www.fysast.uu.se/ges/en/marten-berglund
mailto:marten.berglund@physics.uu.se


Chapter 2

Background

2.1 Analysing environmental problems

2.1.1 Ultimate versus proximate environmental
problems

This master thesis has its origin in the quest for the ultimate environmental prob-
lem, and its corresponding solution. Talking about the ultimate environmental
problem in this context, doesn’t mean to assess which of the global environmental
problems – whether it is climate change, oil depletion, water scarcity or overfish-
ing, to name but a few – that is the most important environmental problem, but
to find the ultimate causes behind these problems.1 It is a question about to re-
alize where the true problem causing all other environmental problems really lies,
which, if solved, has the most power to solve all the actual environmental problems
mankind faces.

This suggests that environmental problems exists at various levels. Suppose we
have a sea with dead fish. Some would say the high concentration of aluminum
ions in the sea is the environmental problem, others would say it is the sulfur
deposition onto the sea that is the environmental problem, still others would say
it is the industries and the transports producing the sulfur dioxide that is the
environmental problem. All are in a sense right. The former are pointing to
proximate environmental problems, the latter to ultimate environmental problems.
Proximate problems have their corresponding proximate solutions (lake liming),
ultimate problems their ultimate solutions (flue gas treatment, regulations). In
this way environmental problems and their solutions can be organized into an
ultimate–proximate spectrum.2

1The terms ultimate and proximate are here used in a new way, corresponding to a similar
usage in biology, sociology and philosophy. See e.g. Campbell, 1996, and Mayr, 1961.

2See Meadows, 1999, for an excellent account of how to deal with environmental problems in
a similar way, finding the solutions that has the most power to impose change. Daly and Farley,
2004, uses a similar approach, using an ends-means spectrum.

5
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The ultimate–proximate spectrum of environmental problems should in this con-
text be interpreted as a cause–effect chain. Environmental problems on lower levels
have their causes on higher levels, and trying to solve an environmental problem
through taking care of the direct proximate causes of the problem on a lower level,
often mean to engage in suboptimization, leading to the problem disappearing
in one place or appearance, popping up in an other place or appearance. This
would be the case when there are other more ultimate causes, which will continue
to create new environmental problems if not these ultimate causes are addressed.
Thus, taking care of the proximate causes are often in vain – instead, solving
environmental problems must be done upstream in the cause–effect chain.3

Looking into Figure 2.1 gives an illustration with examples from the area of climate
change.4 Going to the left in the figure, the ultimate causes of the environmental
problem and its corresponding ultimate solutions are shown. Going to the right,
the proximate causes of the environmental problem and its corresponding prox-
imate solutions are shown. For instance, when the effects of climate change are
inevitable, geoengineering or finally adaptation might be the only remaining mea-
sures available. More preferably would be to limit the withdrawal of fossil fuels, or
ultimately, to reform the world economy, in order to prevent the effects of climate
change to arise in the first place.

Even though the needs of society should be interpreted as an ultimate cause left-
most in the figure, they are at the same time a part of the society, shown as the
dotted round figure inside the anthroposphere box. The needs of society5 are there
the main factor pulling products from the supply chain upstream, shown by the
three arrows to the left inside the anthroposphere box.6 The rightmost arrow in
the anthroposphere box, denotes downstream effects after consumption, i.e. usage

Anthroposphere
Nature

Nature
Needs of society
x efficiency

Environmental problem:

Examples:

Solution:

Economic growth?

The world economy

Green GDP?
Performance economy?
Steady-state economics?

Resource depletion

Peak oil

Limit withdrawal
Use recycled materials

Emissions, waste

Burning of fossil fuels

Treatment, recycling

Contamination

CO2eq > 450 ppm

Geoengineering

Impact on society

Risen sea levels

Adaptation

Lithosphere
Hydrosphere

Etc.

Figure 2.1. Cause–effect chain of environmental problems.

3Robèrt, 2000, talks about upstream thinking in cause–effect chains.
4Though not exactly the same, Graedel and Allenby, 2010, use a similar approach for envi-

ronmental problems in general.
5In economic terms this corresponds to the so called final demand, i.e. consumption in a

general meaning.
6Though the final demand is the driving factor in this model, it should not be concluded that

the consumers are the sole responsible. As e.g. Sanne, 2007, argues, the industry is in a great
deal responsible for pushing consumers to buy their products. But yet, this is again ultimately
driven by the eager to grow economically.
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and disposal. All arrows denote a cause–effect relation, thick solid arrows denote
a material flow as well.

Accordingly, many researchers have suggested that the current economic system
with its demand for continuous economic growth may be the ultimate cause to all
other environmental problems.7 Meadows goes even further upstream in the cause–
effect chain talking about the current paradigm of thinking, and to reconsider what
really matters in our lives.8

This leads us to the core of this study, which goes no further than to the level of the
economic system. Its aim is to contribute to that project which tries to determine
whether the economic system is the ultimate (so far) environmental problem or
not. If it is concluded that the economic system is the ultimate environmental
problem, other studies need to develop ultimate solutions to that problem. If,
on the other hand, it is concluded that the economic system is not the ultimate
environmental problem, we need to study other parts of the cause–effect chain.9

This is important, since we must first try to obtain an accurate description of what
is really the problem, before trying to find solutions.10

2.1.2 The consumption versus the production
perspective

When we talk about the needs of society and the effects these needs cause, it is
important that we take into consideration not only the direct effects these needs
cause when producing the products needed, or the effects caused in just one par-
ticular country (like the effects on the Swedish territory), but also all the upstream
effects caused throughout the supply chain.11

This can be understood by looking at Figure 2.2, which as an example shows the
emissions of CO2. The needs of society, e.g. the needs of the Swedish consumers
(i.e. exclusive consumption abroad through exports) are there represented by the
final consumption. The final consumption should be interpreted as a vector of
various product groups consumed by ordinary people – an element in that vector
could for instance be cars purchased and used for private purposes and not for use
in the industry.

When a product is consumed at the final consumption stage, it has to be produced
in the stage just before that, leading to emissions in that stage. But for that

7Meadows et al., 1972, Jackson, 2009, and Rockström and Wijkman, 2011, to name but a
few. In works of Hornborg, theories from thermodynamics are used to argue for the society–
biosphere system being a zero-sum game, and that technological development is in vain; see e.g.
Hornborg, 1992, and Hornborg, 2010.

8Meadows, 1999.
9For instance Radetzki, 2010, Goklany, 2007, and Beckerman, 1992, propose that economic

growth is an essential contributor to the solution of environmental problems.
10This, and some of the reasoning in the preceding paragraphs, is also discussed in Ariansen,

1993.
11E.g. Spangenberg and Lorek, 2002.
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Anthroposphere

CO2CO2 CO2 CO2 CO2 CO2

Supply chain
Final

consumption
vector

Usage Disposal

Figure 2.2. Environmental impact upstream and downstream the final consumption.

product to be produced, the producer needs to consume other products (through
so called intermediate consumption, in contrast to final consumption) from the
production stage just before that. And the products in that stage need in turn
other products from the stage before that, and so on, all the way through the whole
supply chain (the three dots leftmost in the figure indicates that this supply chain
can be infinitely long). The total emissions occurring throughout the whole supply
chain correspond to the emissions in the consumption perspective.12 Calculating
all the emissions occurring in the whole supply chain is done with the help of
input–output analysis, which is the main method employed in this study.

For clarity in Figure 2.2, arrows indicating imports have not been drawn but should
be considered implicit. That means that all arrows in the supply chain includes
imports, and thus imports are included in the consumption perspective.

In Figure 2.2, the downstream effects are also shown. That is the effects occurring
after the final consumption stage, i.e. effects during usage and disposal.13 In
life cycle assessments, upstream effects correspond to the production phase and
downstream effects to the use and disposal phase, though in such studies only a
specific product is analysed, and just a few steps of the supply chain are included.
In this study all upstream and downstream effects are included for all products
consumed by Swedish consumers.

In Figure 2.2, it is also possible to see the emissions occurring from a production
perspective, i.e. emissions occurring in all phases shown in the figure, but only on
the domestic territory, and no matter if domestic consumers or consumers abroad
(exports) caused the emissions. Looking into the reporting done in Sweden, most
statistics and analyses use a production perspective. That is for instance the case
when it comes to the sixteen environmental quality objectives, which the Swedish
parliament has agreed upon.14

In this study we will focus on the consumption perspective, including downstream
effects, in order to determine all environmental impact caused by Swedish citizens.

12See e.g. Peters and Solli, 2010, Davis and Caldeira, 2010, Swedish EPA, 2010a, Wiedmann,
2009, Peters, 2008, Peters and Hertwich, 2008, and Rothman, 1998.

13OECD, 2001, uses downstream in this way.
14Though, in one of its latest report from the Environmental Objectives Council, the con-

sumption perspective is briefly analysed for the first time – see Swedish EPA, 2010a. For further
Swedish analyses using a consumption perspective, see Chapter 3.3.4.
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2.1.3 The IPAT equation

As we have suggested above, it is the needs of the society – i.e. the consumption –
that is to some extent the ultimate cause and the factor driving the environmental
problems. Leftmost in Figure 2.1 this is expressed as the needs of society times
the efficiency to fulfil these needs.

Let us examine this in more detail. To be more precise, the needs of the society
could be said to be equal to the number of humans, times the need per human,
times the efficiency by which the society fulfil these needs. This is exactly what
the so called IPAT equation says,

(2.1) I = P × A× T

which states that the environmental impact (I) equals the size of the popula-
tion (P ) times the affluence (A) of the population times a technology factor (T )
denoting the efficiency by which that affluence is generated.15

Affluence is normally referring to GDP per capita or income per capita,16 but
we will according to what has been said before focus on the need per capita,
expressed as the consumption per capita.17 The technology factor, expressed as
environmental impact per unit of GDP, e.g. CO2 per GDP, will consequently be
interpreted as CO2 per unit of consumption. To refer to the technology factor
as the efficiency factor is strictly speaking incorrect, since it rather measures the
inefficiency. Further on we will refer to this factor as the intensity of the production
or the consumption, i.e. how much resources needed or emissions emitted for the
production or consumption of one unit.

Sometimes the intensity factor T , is further decomposed into an energy intensity
factor Te (joule per GDP) and a carbon intensity factor Tc (CO2 per joule):18

(2.2) I = P × A× Te × Tc ,

or in the case of CO2

(2.3) CO2 = Population×GDP/cap× J/GDP × CO2/J .

Thus, we now have a way to analyse various factors driving the environmental
impact.

In Figure 2.3, an extended IPAT equation (corresponding to equation (2.2) and
(2.3)) for the whole world is shown. There one can see that population growth and
economic growth have been the driving factors, while the energy intensity of the

15The IPAT equation came up during an environmental debate in the beginning of the 1970s,
see e.g. Ehrlich and Holdren, 1970 and 1971, and Commoner, 1972. For a critical analysis, see
Dietz and Rosa, 1994.

16Income per capita, also expressed as GDI per capita, is approximately the same as GDP
per capita – see Sandelin, 2005.

17This was also what Ehrlich and Holdren, 1970, used.
18This is then called the Kaya identity, see Davis and Caldeira, 2010.
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Figure 2.3. Global IPAT diagram for CO2, extended with the energy intensity of the
world economy. GDP are in constant 2000 US dollars. Source: Data from the World
Bank, 2010.

world economy has had a restraining impact, though not even close to the degree
population and economic growth have been increasing. Even though population
growth is expected to decline and only grow an approximate 60 percentage points
the coming 40 years,19 if GDP/capita is growing linearly at the same rate as the
latest 40 years (approximately 80 percentage points the coming 40 years), and if
energy efficiency doesn’t improve faster than it has done the latest 40 years, the
prospects for decreasing CO2 emissions in the near future look not so encouraging.
However, the assumption that the variables in the IPAT equation are linear may
not be realistic, and the future development may be much more uncertain.20 But
anyway, what is crucial here is if it possible to decrease the T factors at a faster
rate than the P and A factors increase.

2.1.4 The rebound effect

Accordingly, looking at Figure 2.3 reveals that as the energy intensity of the world
economy has declined, GDP/capita has increased still more, which consequently
has lead to continued increasing CO2 emissions. This may lead us to the conclu-
sion that efficiency improvements always entail improved turnovers and thereby
increased environmental pressure. This is the hypothesis behind the rebound effect
– every efficiency improvement will lead to higher volumes, eating up some of the
reduced resource demand that the efficiency improvements to begin with resulted
in, or sometimes even has as a consequence that the total resources needed will in

19UN, 2011.
20E.g. Victor, 2008, points out that the factors in IPAT depend on each other, and that the

impact is dependent also on the composition of the GDP.
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fact increase.21,22 Even though the rebound effect may not arise as a logical conse-
quence of improved efficiency, awareness of its existence among policy makers and
in industry is crucial if the absolute environmental pressure are to be decreased.23

The rebound effect can be direct or indirect.24 Direct effects are increased con-
sumption of a product, due to the decreased energy intensity of that product.
Indirect effects happen when increased efficiency leads to lower prices and in turn
more space for consuming other products.

An important limitation of many environmental systems analysis tools like the life
cycle assessment methodology or environmental management systems,25 is that
they focus mainly on the environmental impact per unit of product, and tends
to disregard the volume effect.26 Similar conclusions are drawn in a couple of
studies by Alfredsson27 where the positive effect of “green consumption” is shown
to be eaten up by the growth in income. Consequently, looking at the IPAT
equation and considering the rebound effect, is utterly important when evaluating
environmental performance.

2.1.5 The environmental Kuznets curve hypothesis

Now, let’s turn our attention to the I and A factors in the IPAT equation. That
is, let’s look at how the environmental impact relates to the growth in the GDP
per capita. It turns out that for many pollutants in the richer world, the relation-
ship has an inverted u-shaped form: as the country develops the environmental
degradation in that country increases until a certain point when the environmen-
tal degradation starts to decrease. This is the hypothesis of the environmental
Kuznets curve (EKC).

The name origins from the economist Kuznets, who in the 1950s wrote a paper
suggesting that as a country develops it goes through a stage of increasing income
inequality which after a sufficient level of development is reached, turns to an
increasing income equality.28 In the environmental analogy to this Kuznets curve,
environmental degradation is substituted for income inequality.

In Figure 2.4 a schematic diagram of an EKC is shown. The y axis normally refers
to environmental degradation inside the particular country of study, and the x

21Also known as the Jevons paradox from the 19th century British economist William Stanley
Jevons, or the Khazzoom-Brookes postulate See Herring and Sorrell, 2009. See Jevons, 1866, for
the original work.

22Tsao et al., 2010, attracted much attention by asserting that when LED lamps become more
prevailing in society, total energy demand probably will increase.

23See von Weizsäcker et al., 2009, and Herring and Sorrell, 2009, for suggestions of how to
prevent the rebound effect.

24Swedish EPA, 2006, and Herring and Sorrell, 2009.
25See Finnveden and Moberg, 2005 for a good overview of environmental systems analysis

tools. An attempt to organize various environmental systems analysis tools is also done in The
Natural Step framework presented in Robèrt, 2000, and Robèrt et al., 2002.

26See Axelsson and Marcus, 2008, regarding environmental management systems.
27Alfredsson, 2002 and 2004.
28Kuznets, 1955.
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Environmental degradation

Economic level

Figure 2.4. Schematic diagram of an environmental Kuznets curve.

axis to the GDP per capita or income per capita. However, in this study we will
contrast this with the environmental degradation all over the world caused by the
consumption in a particular country, plotted against consumption per capita (or
more precisely, against domestic final demand per capita).

Statistical studies like the ones used for testing the hypothesis of the EKC, come
in two different shapes: cross-sectional studies and longitudinal studies.29 In the
context of EKCs, cross-sectional studies, are most often cross-country studies,
i.e. these studies plot these countries’ environmental performance against these
countries’ GDP/capita. However, in some cross-sectional EKC studies, analysis is
performed with consumption groups divided by level of income, in order to deter-
mine how the environmental impact varies with level of income.30 Longitudinal
studies on the other hand, analyse time series data of environmental performance
for a given country or region; this is the kind of study that has been performed
for this report.

The first studies of EKCs came in the beginning of the 1990s and analysed both
various emissions and natural resource uses as functions of income per capita.31

The results were that most emissions and resource uses actually declined with
level of income per capita, except for waste generation and CO2. Although mixed
results have been dominating the EKC studies, the general picture is that local
pollutants tend to follow an EKC pattern, while global environmental problems
like CO2 emissions tend to have an ever increasing trend with income per capita.
The Swedish situation looks similar,32 though in Sweden there is some support for
CO2 also declining, with a longitudinal study by Kander even showing a typical
EKC pattern.33 However, important to remember, these studies don’t consider
the environmental degradation caused abroad by the domestic consumption.

The mechanisms explaining the EKC pattern could be of three sorts.34 Firstly,
as an economy grows beyond a certain stage, the demand for more service ori-
ented products begins to dominate. Secondly, wealthier countries can afford to

29Compare Andersson et al., 2007.
30E.g. Roca and Serrano, 2007.
31See Grossman and Krueger, 1991, and Shafik and Bandyopadhyay, 1992. For a comprehen-

sive survey up to 1997, see K̊ageson, 1997. For a recent literature survey, see Carson, 2010.
32See for instance Johansson and Kriström, 2007 for SO2.
33Kander, 2002, and Kander and Lindmark, 2006.
34Adopted from Galeotti, 2003.
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spend more money on cleaner technologies and more efficient ones. Thirdly, as the
average income of the individuals in a country increases, they become more envi-
ronmentally aware, and the country as a whole starts to introduce environmental
legislation and environmental policies.

Another factor explaining the EKC pattern – which is also one of the main cri-
tiques that has been delivered – is the possibility that environmental performance
has been improved due to the fact that products from more heavy and dirty in-
dustries are being imported from abroad.35 In the literature, this is sometimes
covered under the term the pollution haven hypothesis or carbon leakage.36 We-
ber and Peters conclude that although there is little support for industries moving
to countries with less strict environmental legislation, due to stricter environmen-
tal policies at home, several studies suggest parts of the increasing consumption
is met by production abroad, consequently leading to higher emissions generated
abroad.37

This takes us back to what was concluded in Chapter 2.1.2 regarding the con-
sumption versus the production perspective. If the purpose is to determine if our
economy has been able to grow without any negative consequences on the envi-
ronment, we must take into account all the environmental impact caused by the
economy, or caused by the consumption of our economy, within and outside our
borders. Accordingly, diagrams showing the relationship between environmental
impact and GDP or consumption, must show the consumption-based environmen-
tal impact for being meaningful.38 Thus, in this study, the purpose is to generate
consumption-based such diagrams.

2.1.6 Green growth and decoupling

In this context, the concept of green growth and decoupling is fundamental, that
is when the growth in GDP or income is decoupled from the growth in natural
resource use or the growth in emissions.39 Decoupling could be relative or abso-
lute.40 Relative decoupling means that the emission intensity of an economy is not
anymore rising with rising income. For the world economy this has already hap-
pened with the energy intensity, as was shown in Figure 2.3. Though this measure
could be interesting in some types of analyses,41 as, again, Figure 2.3 showed, the
overall emissions were still on the rise. Therefore, absolute decoupling is in this

35See for instance Arrow et al., 1995, Stern et al., 1996, and Rothman, 1998.
36See Fullerton, 2006, and Weber and Peters, 2009. Carbon leakage is the carbon leaking

from e.g. Annex B countries to non-Annex B countries, due to undertakings the country has
signed under the Kyoto protocol.

37This is sometimes referred to as “weak carbon leakage” or demand-driven displacement, in
contrast to “strong carbon leakage” or policy-induced displacement. See Peters and Solli, 2010,
and Weber and Peters, 2009.

38This was the main conclusion in Rothman, 1998, and also commented in the EKC survey
by Carson, 2010.

39Victor, 2010, The Natural Edge Project, 2008, Azar et al., 2002, and OECD, 2002.
40OECD, 2002.
41E.g. Kander, 2002, focuses on relative measures.
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context a more relevant measure, i.e. a situation when the economy grows at the
same time as the emissions are constant or decreasing.42

However, absolute decoupling is not good enough. Obviously, if CO2 emissions
continue to be high, while neither increasing or decreasing, this is not enough as
we need to lower our CO2 emissions. This reasoning can go even further, saying
that not even when the emissions are decreasing it is good enough, because we
are still increasing the accumulated levels of CO2 in the atmosphere as long as
the emissions are higher than the natural sustainable uptake in the biosphere,
even though we’re then on the right track. Not before the emissions actually are
negative, we’re coming somewhere.

2.2 Stocks and flows in economic-ecological sys-

tems

2.2.1 The mass balance of the society

When we have been talking about environmental degradation in the preceding
sections, we have been a little bit unclear of what exactly we are referring to. Do
we refer to the level of how much the environment in total have been degraded, i.e.
the level of remaining resources in a resource pool and the level of accumulated
pollutants in the biosphere, in other words, the stocks? Or do we refer to the
ongoing process of environmental degradation, i.e. the flows of extracted resources
and the flows of emitted pollutants?43

It is important to distinguish between these two – the stocks and the flows – as
was shown in the section above about decoupling: it is not good enough to reach
a constant level of CO2 flow into the atmosphere, since integrating this flow over
time, yields an increasing stock of carbon content in the atmosphere. A similar
reasoning is essential in the debate on oil depletion and peak oil: peak oil is not
about the oil resources running out, but about how and when the flow of oil from
these resources will reach its maximum.44

Consequently, analysing only the flows gives us an incomplete picture. However,
measuring the level of the stocks could have its complications, since e.g. lagging
mechanisms in natural systems like buffering, will make it hard to see the true
levels. Therefore, most EKC studies analyse flows, but there are exceptions, as
one of the first EKC studies also analysed the total accumulated deforestation.45

In our study, only the flows are studied.46

42This is also emphasized in Azar et al., 2002.
43This conceptual model is described in many places, like Graedel and Allenby, 2010, and

Daly and Farley, 2004. In K̊ageson, 1997, these concepts can be considered included in the
pressure–state–response model presented there.

44Aleklett and Campbell, 2003.
45Shafik and Bandyopadhyay, 1992.
46The distinction between stocks and flows in EKC studies is also made in Carson, 2010.
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To get a more comprehensive picture of the stocks and flows between the society –
the anthroposphere – and the nature, we will elaborate Figure 2.1 a bit, focusing
on the anthroposphere box and its closest interactions – see Figure 2.5.47 In this
figure, the levels of the resource stocks, like oil and fossil water, are shown to
the left. These resource stocks decrease as they flow into the anthroposphere.
If not accumulated in the anthroposphere, they transform and flow out of the
anthroposphere as emissions or waste, eventually increasing the levels of various
stocks in nature to the right in the figure, like the carbon stock in the atmosphere.

The mass balance of the society in the figure can be expressed as

(2.4) R =
dA

dt
+ E ,

where R means the resource use inflow, dA
dt

the rate of change of mass in the
anthroposphere, and E is the outflow of emissions.48 Accordingly, as can be noted
by Figure 2.5 and equation (2.4), environmental problems can be divided into two
groups, depending on if they belong to the inflow side, or the outflow side.

Anthroposphere

Oil

Water

Minerals

Fish
stocks

CO2 stock
in atm.

SO2

PCB

Waste

Figure 2.5. Simplified model of the societal mass balance.

2.2.2 The production–consumption “mass balance”

Stocks and flows are also fundamental in economics,49 and a “mass balance” of the
economy can be expressed in a similar way, which fits into the overall mass balance
shown in Figure 2.5. We’re now referring to a balance between production and
consumption, or to be more precise, between the value of the supply of products,
and the value of the use of products.

Looking into Figure 2.5, and recalling the interpretation of the arrows inside the
anthroposphere box, the three arrows to the left in that box represent the produc-
tion side, and the small dotted circle the consumption side (the rightmost arrow
is disregarded for the moment). If the production side is to include production
from abroad as well, i.e. the imports, and the consumption side is to include the

47A model like this one is one of the main components in the field of industrial ecology, where
the “metabolism” of the society is studied. See e.g. Graedel and Allenby, 2010. A similar figure
is also presented in Statistics Sweden, 2002a.

48See Graedel and Allenby, 2010, for a similar version. This is ultimately based on the law of
conservation of mass.

49UN et al., 1993.
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investments made, and the foreign consumption abroad of domestic products, i.e.
the exports, the following supply–use balance can be put forward:50

(2.5) GDP + Imports = Consumption + Gross investments + Exports .

The production–consumption “mass balance” equation corresponding to equation
(2.4) then becomes

(2.6) GDP + I =
dS

dt
+ D + C + E ,

where GDP here should be interpreted as the production flow, I is the flow of
imports, dS

dt
is net investments, i.e. the rate of net change in the capital stock, D

is the depreciation flow, i.e. the decrease in the existing capital stock, C is the
consumption flow, and E is the flow of exports.

This balance can now be concluded in a similar figure like Figure 2.5 – see Fig-
ure 2.6. Note though, that here, in the use of supplies going to gross investments,
it is only the depreciation part that is an outflow – the rest (net investments) is
accumulated in the capital stock. This is depicted in the figure by the small arrows
inside the capital stock box, showing that gross investments can be divided into a
depreciation part and a net investments part. I.e. an initial decrease in the capital
stock through depreciation, will possibly turn into a net increase in the capital
stock when the gross investments been added.

Even though this is a balance of values, and not of masses, its resemblance to
the societal mass balance will be of interest in this study. Further on, value flows
and stocks are often the only proxies available for determining the mass flows and
stocks, since data on economic values are much more readily available. To convert
values to masses, intensities are the fundamental tool applied, e.g. CO2 emitted
per dollar’s worth of produced products.

It is important to note in Figure 2.6, that GDP is a flow, and is not equal to the
wealth of the society, here corresponding to the capital stock. Increasing GDP,
i.e. economic growth, doesn’t mean to increase the wealth of the society. In fact,

Anthroposphere

Capital stock

Gross
investments Depreciation

Net investments
GDP
Imports

Depreciation
Consumption
Exports

Figure 2.6. Balance of supply and use – the production–consumption “mass balance”.

50See e.g. Eklund, 2004. Statistics Sweden calls this the balance of resources, a term not used
in the international terminology though – Statistics Sweden, 2011a.
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it could very well involve the decreased value of the wealth through depreciation
(value destroyed), since GDP includes gross investments, which in turn include
depreciation. Furthermore, the wealth of the society is not only the economic
capital stock depicted in Figure 2.6, but also the natural capital stock resources,
as depicted in Figure 2.5. In this sense, a sustainable society is a society where
these boxes in Figure 2.5 and 2.6 are not decreasing. The concept of a green GDP
comprehends these aspects, and will be discussed further on in this report.

2.3 Problems–solutions: concluding remarks

2.3.1 Economic growth: Problem, solution or neither

We began this chapter by discussing ultimate and proximate environmental prob-
lems, asking ourselves if economic growth and the growth in consumption is an
ultimate cause to most other environmental problems. This study belongs to that
grand project which tries to find answers to that central question. When the re-
sults of that project begin to crystallize, other projects follow concentrating on
the solutions to the problems the former project has pointed out. In that sense,
this study belongs to the problem formulation side of the environmental problems–
solutions dichotomy.

Here it is of interest to structure the various possible outcomes of this research a
little bit. What we have seems to be three possibilities:

1. Economic growth causes the environmental problems. Stopping economic
growth is the solution.

2. Economic growth doesn’t cause the environmental problems. However, eco-
nomic growth does neither solve the environmental problems.

3. Economic growth solves the environmental problems.

However, finding clear and concise causal relationships like these, could be a del-
icate task. Just because B happens after A, doesn’t mean that B happens as a
necessary consequence of A. Something else, C, may have happened at the same
time without our notice, which really caused B to happen.51 In other words,
correlation does not in itself imply causation.52

Moreover, if we refer to the IPAT equation, growth may result in better technology
(decreased intensity and thus a decreased T factor), but may at the same time
increase the scale even more (an increased A factor). Consequently, growth could
be the cause behind increased environmental impact, and at the same time causing

51Compare Hume, 1739.
52However, it is possible to analyse causal relationships like these using e.g. Granger causality.

See Granger, 1969, and for applications regarding economic growth versus energy use, see e.g.
Cleveland et al., 2000, and Ozturk, 2010.
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this impact to be not as high. In other words, growth could simultaneously both
cause and solve the environmental problems – a combination of point one and
three above.

The degree to which growth contributes in decreasing intensity will not be analysed
in this study. Here we will only try to determine whether or not economic growth
– in particular growth in domestic final demand – has been a driving force in
increasing environmental impact. This will be done by a simplified decomposition
analysis.53

2.3.2 An overview of solutions

To sum up this chapter, we will still give a brief overview of the solution side of the
environmental problems–solutions dichotomy, solutions discussed in the literature
and the public debate. In this context, solutions to environmental problems can
be divided into three groups:

� Business as usual: Doing nothing beyond the normal, economic growth
will solve all our problems.

� Natural capitalism:54 This group can, as a suggestion, be further sub-
divided into the following groups:

– Ordinary environmental politics: Green investments, green subsidies,
carbon taxes and similar taxes on natural resource uses.55

– Green GDP: Allow a green GDP – or more correctly speaking, a green
NDP56 – to grow, if it takes into account the depreciation of natural
capital, which has been assigned appropriate economic values.57

– Performance economy: Build a market economy based on the sales of
functions instead of the sales of products, giving incentives for compa-
nies to cut down the use of resources instead of making profits on the
waste of resources.58

� Steady-state economics: Transform the current economic system to
an economy not built upon the principle of economic growth, and possibly
downscale the current economy to a sustainable level.59

53See Chapter 3.3.3 for details about the so called index decomposition analysis used in
this study. Whether growth contributes to decreased intensity can be analysed in a structural
decomposition analysis, which will be suggested for future research.

54The term comes from Hawken et al., 1999, and subsequently used by many authors, like
Robèrt et al., 2002, and von Weizsäcker et al., 2009. Here I use it in a broad sense for all market
friendly solutions trying to solve the environmental problems.

55See UNEP, 2011 for a recent and optimistic investigation.
56Net Domestic Product, i.e. GDP minus depreciation.
57E.g. SOU, 1991:37, Simon and Proops, 2000.
58This is an idea suggested in e.g. Stahel, 2010, and Stahel, 2007, and supported by many,

for instance in Rockström and Wijkman, 2011.
59Jackson, 2009, Victor, 2008, and Daly and Farley, 2004, among others. See Malmaeus,

2011, for a model applied to the Swedish economy.



Chapter 3

Methodological framework

In this chapter we will go into the details behind the methods enabling a consump-
tion perspective on a country’s environmental pressure. That means to lay the
foundations for the methodology of environmental input–output analysis upon
which the consumption-based accounting approach normally is based. We will
start off with the national accounts, in which the input–output tables have their
origin, continuing with the environmental counterpart to the national accounts
namely the environmental accounts. After that follows the environmental input–
output analysis, which has its roots in the input–output tables of the national
accounts and the environmental data from the environmental accounts.

Chapter 3.1 and 3.2 dealing with the compilation of data from the national ac-
counts and the environmental accounts, can be skimmed through or skipped for
the reader who wants to get straight to the methodology of the environmental
input–output analysis described in Chapter 3.3. Furthermore, the purpose of this
chapter is merely to give an overview of the methodology used in this area of
research, whereas the detailed method used in the study follows in Chapter 4.

3.1 The national accounts

The national accounts of a country is an accounting system for the flows and stocks
within a whole nation. It is similar to the accounting system of a company, but
for the national accounts, it’s about accounts on the country level. The national
accounts comprises not just the economy of the government or the public sector,
but all the economic actors in an economy – accordingly the industry and the
households are included as well, and also the economical transactions with the
rest of the world.1

The system of national accounts (SNA) is an international standard with its origin
within the UN system, recommending how the statistical offices of the member

1For more details, see e.g. Sandelin, 2005, and SOU, 2002:118.
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countries are to perform their national accounting. The standard has been devel-
oped through a couple of revisions since the first version in the 1950s,2 and the
latest revisions are the 1993 SNA3 and the recently published 2008 SNA.4 EU has
developed a more detailed standard, based on the last international standard 1993
SNA, called the ESA 1995,5 and this is what the Swedish national accounts still
uses.6

The national accounts can be regarded as a collection of overlapping accounts. One
of the most important economical statistics produced from the national accounts,
is the GDP. Another important product of the national accounts, are the supply
and use tables (SUTs), and the input–output tables (IOTs), which are of particular
interest for this study.7

In the following sections, we will explain the SUTs, and how they are used to
generate the IOT which in turn forms the basis for the matrices used in input–
output analysis. To be able to follow the reasoning, it is recommended to study
the SUTs and the IOT for Sweden 2005 in Appendix E. For the matrix algebra
used, see Appendix C.

3.1.1 The supply table

The supply table corresponds to the supply side in the balance of supply and use
depicted in Figure 2.6. Compared with Figure 2.6, the supply table describes not
only the total flow of supplies, but gives also a sectoral resolution of this supply
flow. Additionally, the supply table includes both supply going to the industry
and to the final consumers.

The supply table is principally made up of a product x industry table – called the
make matrix – of products produced by the domestic economy, and an imports
column of products produced abroad. In the make matrix, each column represents
an industry, and each such column consists of the various products produced within
that industry, with one product group on each row in that column. If we denote
the make matrix as S, this can be expressed as sij being the production of product
i made by industry j.

Appended to the make matrix and the imports column in the supply table are also
a column describing the conversion from basic prices to market prices,8 and total
columns. See Appendix E for the supply table for the Swedish economy in 2005.

2SOU, 2002:118.
3UN et al., 1993.
4UN et al., 2008.
5EC, 1996.
6Statistics Sweden, 2010.
7Details about the SUTs and the IOT and the conversion from the SUTs to the IOT are

found in Miller and Blair, 2009, Eurostat, 2008, UN, 1999, and UN et al., 1993. The following
text are mostly based on these sources.

8Basic prices are the values which the industries receive. Market prices, are the prices which
the purchasers pay, which include taxes less subsidies on the products, money that the producer
wont receive. See Statistics Sweden, 2010.
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3.1.2 The use table

The use table corresponds to the use side of the balance of supply and use depicted
in Figure 2.6. As in the supply table, the use table extends the description of the
economy depicted in that figure, by giving a sectoral resolution of that use flow.
But the use table doesn’t only describe the uses going to final consumption as in
Figure 2.6, but also all the use of products going to the industry. This corresponds
to the intermediate use higher up in the supply chain depicted to the left in Figure
2.2 – this will be described in more detail further down. For an example of a use
table, see Appendix E with the use table for the Swedish economy in 2005.

The use table is made up of two main tables, a product x industry table on the
left hand side – called the intermediate matrix of the use table, or just the use
matrix – and a final demand table on the right hand side. The former have, as in
the make matrix in the supply table, columns denoting the various industries in a
country. However, here the columns doesn’t consist of the products produced by
each industry, but the products used as inputs by each industry for the industry
to be able to produce its products. This is sometimes called the production recipe
for that industry to produce its products. If we denote the use matrix as U we
can, as in the corresponding case for S in the supply table, refer to uij as the
product i used as input in industry j.

However, the industries do not only use products as inputs, but also labor force
and profits to the owners of the industries. This is shown in the row below the
use matrix, as a row of value added. Value added is the difference between what
the industry earns when selling their products and the costs the industry have to
pay for products used as inputs.

Note that the column totals of the use matrix including the value added row,
equals the column totals in the make matrix of the supply table. That is just
because a particular industry’s total cost for inputs (including input of labor force
and profits to the owners), equals exactly, at least in theory, the total revenues
the industry receives when selling their products.

The right hand side of the use table consists of the final demand table, divided
in columns for the various types of final demand. This calls for an explanation of
the distinction between intermediate and final demand. Looking back into Figure
2.2 once again, the arrows to the left represent the supply chain upstream from
the consumer. This means that industries buy products from one and each other
in a supply chain, which downstream ends at the final consumers, i.e. the final
demanders (the small dotted circle in Figure 2.2).9 The final consumers is final in
the sense that they don’t use what they buy for production, but for own purposes.
The intermediate consumers on the other hand, are industries buying products for
the purpose of production.

Accordingly, looking for instance at the agricultural row in the use table, the cells
to the left in that row (the cells belonging to the intermediate matrix) represent

9Final consumer, final demander or final user are all used interchangeably in this text.
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what the various industries purchase of agricultural products, i.e. the intermediate
demand of agricultural products. The cells to the right (the cells belonging to
the final demand table) represent what the final users purchase of agricultural
products.

The final demand is further subdivided into consumption (which could be private
or public), investments and exports. Investments can be regarded as long term
consumption which will later on be used in the production (e.g. buildings and
machines).10 Exports can be regarded as consumption made by actors abroad
(the rest of the world).

The Swedish use table in Appendix E is in market prices. This makes sense,
since the industry or the final user are, so to speak, not interested in whether the
money for purchasing products goes to the state as taxes, or to the producer of the
products. However, it would also be reasonable to separate the taxes less subsides
part of all the costs an industry (or a final user category) have, by putting these
taxes less subsidies on a separate row in the industry’s column. Then we would
end up with a use table in basic prices and that is in fact how the input–output
table normally is presented – see the following section for details.

3.1.3 The input–output table

The input–output table (IOT) can on the whole be regarded as a use table, but
instead of having industries as intermediate consumers in the columns of the inter-
mediate use matrix, the IOT have products as the intermediate consumers. This
may sound strange, but it is quite reasonable to imagine products as having inputs
in order to be produced. It is also an essential part of the subsequent input–output
analysis that the intermediate matrix in the IOT is a product x product matrix,
of reasons that will be explained further on. See Appendix E for the Swedish IOT
in 2005.

The terms input and output may need some further clarification. The inputs of
a product are the products and the labor force needed for its production – for a
given product, these inputs are shown on separate rows in that product’s column.
It’s not just the inputs needed for one unit of that product, but the total inputs
needed to produce all products of that kind during one year (which in the case of
agricultural products in Sweden 2005 totals a value of 38 billion SEK). The inputs
correspond to what is used by different users or consumers, intermediate or final.
In that sense, the inputs correspond to the use side of the balance of supply and
use depicted in Figure 2.6 (although in that figure intermediate uses have been
stripped and only final uses are shown, not all uses).

The outputs of a product are the different uses (intermediate as well as final) which
that particular product is distributed to. I.e. for a given product these outputs
are shown in separate columns on that product’s row. The output corresponds to

10This has implications for the input–output analysis, see later sections.
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what is supplied, i.e. to the supply side in Figure 2.6 (although supply going to
intermediate uses has been stripped from that figure).

Total inputs for all products are consequently found in a separate row below the
intermediate matrix of the IOT. Total outputs for all products are found in a
separate column, to the right of the final demand table of the IOT.

Conversion of the use table to the IOT

To generate the IOT, mainly two methods are available depending on two different
assumptions. These assumptions deal with how the industries are converted to so
called homogeneous industries, i.e. imaginary industries producing only one prod-
uct each. These homogeneous industries will correspond to the product columns
in the IOT. In this study, we will use the industry technology assumption, which
means that when the conversion from the use table to the IOT is done, it is as-
sumed that each industry uses the same input structure (i.e. the same production
recipe), for all kind of products that industry produce.11

When it comes to the question of market prices and basic prices, the following
text works for both cases to the extent that the resulting IOT then is expressed
in basic prices or market prices, respectively. Though, to be able to use the IOT
for input–output analysis, it must be in basic prices.

The conversion is done in the following way:12 Firstly, we will make use of the
supply table and the make matrix there within, denoted as S. We start off by
constructing a coefficient matrix of the make matrix called Sc by dividing all the
cells in S with the column total from the column which that cell belongs to. If we
denote the row of column totals as xind, this procedure can be expressed as13

(3.1) Sc = Sx̂−1ind or (scij) = (sij/x
ind
j ) .

This means that each row, denoting a product, in a column, denoting an industry,
of Sc, is referring to the share of that product’s value to the total production value
of that industry. Or in other words, scij represents the share of the value of product
i to the total production value of industry j.

The next step is the actual conversion, i.e. the transformation of the intermediate
matrix in the use table to the intermediate matrix in the IOT. This is done by
multiplying the intermediate matrix U from the use table, by the transpose of Sc,

(3.2) F = US′c ,

where F is the intermediate matrix of the IOT. In F , element fij refers to the
total inputs per year of product i needed for the total production of products of
type j.

11The other common assumption used, is the commodity technology assumption, which states
that the same input structure is used for the same kind of product, whatever industry is producing
that product.

12This procedure is done in about the same way in Eurostat, 2008.
13See Appendix C for an explanation of these kinds of operations.
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How can this be understood? If one recalls the definition of matrix multiplication,
when the U matrix is multiplied by the first column of S′c, it means that the
input structure (i.e. the column) of the agricultural industry is multiplied by the
share of agricultural products produced in the agricultural industry, plus, the input
structure of the forest industry multiplied by the share of agricultural products
produced in the forest industry, and so on. This procedure is repeated until we add
up to the first column in F which consequently holds the generated input structure
for all agricultural products produced, whatever industry produced them. The
same procedure is then followed for the other columns in S′c when U are multiplied
by them.

Now we’re done with the intermediate matrix F of the IOT. The final demand
table – which, when its columns are added together, form the vector y – of the
IOT is just the same as the final demand table of the use table, so all in all, we
now have completed the conversion of the use table to an IOT.

Dealing with imports

As yet, the use table and the corresponding IOT, haven’t included any information
about the use of imports. The production recipe each industry or each product
possesses, should be understood as the inputs needed in total, no matter if the
inputs are purchased domestically or from abroad as imports. When performing
the conversion to an IOT, the procedure explained above is the most easy task.
The challenging part is to assess the domestic part and the imports part of all the
cells in the IOT, a job done primarily by the national accounts offices based on
extra trade data and qualified assessments. Since this is a quite demanding task,
IOTs are normally not produced on a yearly basis – in Sweden it is done every
five years.14

When the domestic–imports divide is done, the resulting IOT can be regarded as
a table in three layers: the domestic layer, the imports layer, and the domestic
plus imports layer. In the IOT in Appendix E these layers are all present directly
by presenting every cell as a domestic value + an imports value.

Updating IOTs

Since, as we said above, constructing IOTs are a quite resource demanding task
and therefore is not done on a yearly basis, a number of various techniques have
been developed to do the updating of IOTs automatically. These techniques are
more or less based on extrapolating the information in an original IOT to the
missing years, while at the same time calibrating the totals against the known
totals of the missing years.15 In this study a variation of these techniques have
been developed, which takes advantage of the information of imports shares from
the original IOT – see Chapter 4.2.2 for details.

14Statistics Sweden, 2011a.
15See Eurostat, 2008, for a good overview.
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Physical IOTs

As was mentioned in Chapter 2, the rationale behind using monetary flows for
estimating physical flows, is the fact that monetary values are much more readily
available. The monetary flows can then be regarded as proxies for the physical
flows, provided the correct conversions are done between price and e.g. mass. The
normal way to do this, which will be explained in the following sections, is to do
the calculations as far as possible in monetary values, and then finish by converting
with help of intensities. E.g. the total required production in the whole supply
chain for some kind of final consumption is first calculated monetarily, and then
this value is converted to a physical value.

Another possibility, which would be possible if more physical data was available,
would be to directly use physical IOTs, where assessments of the physical inputs
used for producing products are made. Some interesting research has been done
on this,16 but the prevailing method is still to use the former method described in
the preceding paragraph.

3.2 The environmental accounts

In the previous sections we have been talking about the national accounts, and
analysed their most important products for this study, the supply and use tables,
and the input–output tables. Appended to the system of national accounts, are
also so called satellite accounts, which are not a completely integrated part of the
national accounts, but still are developed in order to be able to use them together
with the national accounts to as high a degree as possible. The environmental
accounts is such a satellite accounting system.

In the SNA 1993 the use of satellite accounts, in particular environmental accounts,
was introduced. In 1993, UN also came with its first publication dealing with a
system of integrated environmental and economic accounting, SEEA 1993,17 which
now has been updated to the SEEA 2003.18

In Sweden the environmental accounts system has its origin in the Commission for
Environmental Accounting appointed in 1990,19 leading to the establishment of the
environmental accounts in Sweden, which have been in use since 1993. In Sweden,
Statistics Sweden, the National Institute of Economic Research, and the Swedish
Environmental Protection Agency have been responsible for the environmental
accounting.

16In Stahmer, 2000, not only a physical IOT is constructed but also a time IOT. Daly, 1968,
constructs a physical IOT where not only inputs and outputs from and to the biosphere is
included, but also the input and output flows within the biosphere (less the society). See also
Weisz and Duchin, 2006.

17UN, 1993.
18UN et al., 2003.
19SOU, 1991:37.
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The main purpose of the environmental accounting system is to organize statis-
tics on environmental data (e.g. resource flows and emissions flows) in a way that
make these data compatible with the national accounts. That means to classify
environmental data into the same industrial categories as used by the national
accounts, in order to be able to compare economical and environmental perfor-
mance of the various industries of a country (e.g. calculate emission intensities).
Earlier environmental statistics have not done this. This work goes under the
heading physical environmental accounts, and in Sweden this is the responsibility
of Statistics Sweden.20

Other important purposes of the environmental accounting system, is to try to
valuate natural resources, and to develop a green GDP. This is called the mone-
tary environmental accounts, and in Sweden the National Institute of Economic
Research has the responsibility for this work.21

3.2.1 Integrating national and environmental accounts

Statistics from the national accounts and from the environmental accounts can be
presented in an integrated matrix form, as seen in Figure 3.1. This is sometimes
called a NAMEA (National Accounting Matrix with Environmental Accounts).22

Figure 3.1 consists of the input–output table, extended with an environmental
matrix shown below (the two boxes in the lowermost part of the figure).23
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Figure 3.1. The structure of economic and environmental data into one framework, a
NAMEA. Source: Based on Statistics Sweden, 2000.

20SOU, 1991:37, Statistics Sweden, 2002a, and Peters, 2008.
21SOU, 1991:37, and Statistics Sweden, 2002a.
22UN et al., 2003.
23Based on Statistics Sweden, 2000.
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Some notes regarding Figure 3.1 are needed. The environmental direct use edir

below the final demand box, consists of the resource use and emissions generated
in the usage phase of the products, i.e. downstream after consumption. That is
energy use and emissions occurring e.g. for heating of housing and transports.
All downstream environmental impact is however not part of edir; environmental
impact during the disposal phase is instead considered impact happening upstream
in the waste industry, whose products are waste services.

Furthermore, to be more theoretical consistent, resource uses ought to be the
only environmental parameters shown below the intermediate matrix, since these
can be regarded as inputs. Analogously, the emissions ought to be found to the
right of the table, as outputs. However this is not the case, since in practice, the
environmental matrix Ep is one continuous table in the environmental accounts.
Also, it would be hard to show the direct emissions from final users in that way,
as there is no output row for final users.24 It is also possible to interpret emissions
as resources – for instance the emissions of CO2 can be considered being a use of
the carbon absorption capacity resource of the atmosphere – so in that sense it is
reasonable to have all environmental parameters as inputs.

3.2.2 Environmental data per industry and per product

In Figure 3.1, the environmental matrix Ep consists of rows representing energy
uses and emissions, and columns representing products using these energy re-
sources or emitting these emissions. I.e. epij is the energy use type or emission type
i used or emitted by product j. However, since the original environmental data in
the environmental accounts is presented per industry in a corresponding matrix
Eind, we need to convert this matrix first in order to get Ep. This is done in a
way that resembles the conversion of the use table to an IOT.25

To get Ep, we postmultiply Eind by S′c as is done in the following:

(3.3) Ep = EindS
′
c .

This can be understood in the same manner as in the SUT–IOT conversion. That
is, the first column in Ep is generated by taking the emissions column from the
agricultural industry in Eind multiplied by the production share of agricultural
products in the agricultural industry (i.e. the first element of the first column of
S′c), plus the emissions column from the forest industry in Eind multiplied by the
production share of agricultural products in the forest industry (i.e. the second
element of the first column of S′c), and so on, until we have all the emissions
that the agricultural products generate. The other columns of Ep are generated
analogously.

24Although, Daly, 1968, designs a households row corresponding to the final consumption
column, and is in this way able to construct physical inputs and physical outputs in this more
consistent way.

25Östblom, 1998, does this in an equivalent way.
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3.3 Environmental input–output analysis

Until this point, we have described how the data used in environmental input–
output analysis are organized and collected, by the use of economic data from
the national accounts and the use of environmental data from the environmental
accounts. The result of this organization is summarized in Figure 3.1. Even
though some of the data went through some processing – e.g. when the conversion
to the input–output table (IOT) was done, and when the environmental data per
industry were converted to environmental data per product – a regular analysis
has not really been done yet. That is the task for the following sections, which will
go into the details of the input–output analysis and its environmental extension.

The input–output analysis method was developed by the economist Wassily Leon-
tief,26 and earned him the Nobel Prize in economics in 1973.27 Since 1988 the Inter-
national Input–Output Association is active and responsible for e.g. the scientific
journal Economic Systems Research, specialized in research about input–output
analysis.28

3.3.1 Foundations of the input–output analysis

Domestic production and the Leontief inverse

We will start off with the pure economic part of the input–output analysis, by
firstly returning to the input–output table from the national accounts.29 Looking
at the domestic part of the IOT, this table can mathematically be expressed as

(3.4) Fd i + yd = xp ,

where F d is the domestic part of the intermediate matrix of the IOT, i is a unit
vector, yd is the domestic part of the final demand, and xp is the total output,
i.e. the total value of the various products produced over a year.

For the sake of the analysis, we’re now interested in expressing the intermediate
matrix Fd as a coefficient matrix, i.e. the domestic inputs expressed as shares of
total input (or as shares of total output, since total input equals total output).
Or, in other words, the value of the various domestic inputs per dollar’s worth of
produced output. This gives us the matrix

(3.5) Ad = Fd x̂
−1
p ,

called the matrix of technical coefficients, where each of the elements adij = fd
ij/x

p
j

expresses the value of domestic product i needed as input per dollar’s worth of

26First presented in Leontief, 1941.
27Another Nobel Prize in economics for the work in the IOA field was given to Richard Stone

in 1984. See UN, 1999.
28IIOA, 2011.
29This follows more or less the text of Miller and Blair, 2009, and UN, 1999.
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produced output of product j. This matrix describes the industry structure of a
nation for a given year as regards domestic production, and it is assumed to be
fixed, i.e. the relations between the industries are assumed not to change. This
is reasonable if not too many years have past, or the production volume of the
economy has not changed substantially. Concretely speaking, this means that we
can multiply Ad with any vector of products we want to be produced, and the
resulting vector will correctly show all the direct inputs needed to produce those
products. In other words, linearity is assumed since any vector of products we
want to be produced, use the same industry structure.

Now it also becomes clear that the intermediate matrix in the use table need be
converted to the product x product intermediate matrix in the IOT, in order to
make it possible to multiply the Ad matrix with a product vector in a meaningful
way. From the above and from what follows below, it is also evident that the IOT
must be in basic prices, so that Ad only reflects the pure inputs needed, excluding
taxes (e.g. inputs of inputs would otherwise be valued too high, since also the tax
part would have inputs, which is not the case).

Now, with the help of equation (3.5), it is possible to express equation (3.4) in the
following way:

(3.6) Adxp + yd = xp .

Rearranging gives us

(3.7) xp = (I −Ad)
−1yd

which means that if Ad is fixed, the total output xp can be considered a function
of the final demand yd which can be chosen arbitrarily.30 In other words, equation
(3.7) expresses the total domestic output needed throughout the whole supply
chain to satisfy the final demand yd.

How can we understand that equation (3.7) describes the production needed
throughout the whole supply chain more intuitively? Imagine that the products yd

are consumed. The direct production needed to satisfy this consumption will then
be just yd, or let us express it as Iyd = yd. What products are needed indirectly
to be able to produce yd? Now, look back to what the matrix Ad meant: every
column in Ad describes the inputs needed per dollar’s worth of produce. So if we
take Ad and postmultiply it by yd, we would, remembering how matrix multipli-
cation is defined, actually get the total inputs needed to be able to produce all the
products in the vector yd. So the vector Adyd expresses the production needed in
this step of the supply chain to produce yd. But how much production is needed
in the next step – to produce Adyd, what will the inputs be then? Remember now
that Adyd is the new consumption vector, and we will now see how much inputs
are needed to be able to satisfy the consumption Adyd. That is obtained by once
again postmultiplying Ad, this time by Adyd, which gives us the production A2

dyd

in this step of the supply chain.

30Even though an arbitrarily chosen final demand yd differs from the fixed final demand yd

of the IOT in equation (3.4) we will use the same notation. Analogously with the output xp.
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This procedure can be repeated infinitely, and if we add together all this production
produced in each step in the supply chain, as explained above, we will get the total
production needed to satisfy the consumption yd as

(3.8) (I + Ad + A2
d + A3

d + . . . + An
d)yd = xp .

Now, can this infinite series inside the parenthesis on the left hand side of equation
(3.8) be expressed in a more convenient way? As a matter of fact it can. If we
premultiply the parenthesis with (I −Ad) we get31

(I −Ad)(I + Ad + A2
d + . . . + An

d) = (I + Ad + A2
d + . . . + An

d)

− (Ad + A2
d + A3

d + . . . + An+1
d )

(I −Ad)(I + Ad + A2
d + . . . + An

d) = I −An+1
d = I , n→∞

(I + Ad + A2
d + . . . + An

d) = (I −Ad)
−1 ,

(3.9)

assumed that An+1
d → 0, as n→∞.32

So equation (3.8) can actually be expressed as

(3.10) xp = (I −Ad)
−1yd ,

and that is the same result as was obtained in equation (3.7) which means that the
interpretation of the supply chain offered by the reasoning behind equations (3.8)
and (3.9) must be correct. The infinite series I +Ad +A2

d + . . . is the power series
approximation of (I −Ad)

−1 and is known as a power series, or more specifically,
as a geometric series,33 here in matrix form.

In other words, an arbitrary final demand yd results – directly and indirectly
throughout the whole supply chain – in the total production that amounts to xp.
As was indicated earlier, this is true under the assumption that the input structure
given by Ad is fixed and exactly the same wherever we are in the supply chain,
and whatever production is produced in the various steps of the supply chain.

The matrix (I −Ad)
−1 is the so called Leontief inverse, and we will from now on

denote this as Ld = (I−Ad)
−1. Looking at equation (3.8) and (3.10) carefully, Ld

can be regarded as a matrix composed of an infinite number of layers, each layer
representing each of the terms in the power series approximation I+Ad+A2

d+ . . ..
This yields us an interpretation of the elements in Ld, where a column represents
all the direct and indirect production needed to satisfy the consumption of one
dollar of the product which that column represents, with the required production
per product on the various rows in that column. Or, in other words, ldij is the total
direct and indirect production of product i to satisfy the consumption per dollar’s
worth of product j.

31See Miller and Blair, 2009. This result can also be achieved by going backwards from the
standard Maclaurin series of (1− x)−1 – see Adams, 1995.

32This is plausible, since all elements in Ad are less than 1. However, a formal proof is
presented in Appendix D.

33Adams, 1995.
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Total production including trade

In the previous section, we only discussed the required production produced do-
mestically to satisfy some kind of final demand of domestic products. In this sec-
tion we will also discuss the required production produced abroad to satisfy the
total final demand. In consumption-based accounting studies related to environ-
mental pressure, there are in essence two methods when calculating the production
abroad needed to satisfy final demand – single-regional input–output (SRIO) anal-
ysis and multi-regional input–output (MRIO) analysis.34 We will briefly describe
both of them below, and also examine the production needed domestically for the
exports part of the final demand. But first, we will start off with some general
considerations regarding imports in input–output analysis.

If we are to include the imports part of the IOT, it is possible – as we did in
equation (3.4) for the domestic part – to express the IOT mathematically as

(3.11) (Fd + Fm)i + (yd + ym) = xp + m ,

where Fm is the imports to the industry, ym the imports to the final consumers
(i.e. the final demand of imports), and m is the total imports with m = Fm i+ym.

This means that the matrix of technical coefficients really should be expressed as

(3.12) Atot = Ad + Am = (Fd + Fm)x̂−1p

in order to properly describe the production recipes used in the production of
all the products, i.e. a production recipe including both domestic and imported
inputs. Thus, atotij = (fd

ij + fm
ij )/xp

j , represents the total direct input (domestic
and imported) of product i needed in the production of product j. Combining
equation (3.11) and (3.12) means that the total IOT can be expressed as35

(3.13) (Ad + Am)xp + (yd + ym) = xp + m .

To obtain Atot it is important not to divide the cells in F tot (= Fd + Fm), e.g.
cell f tot

ij , with the total supply of product j in the vector (xp + m) even though
(xp +m) is the vector of row sums of the whole IOT described by equation (3.13).
In other words, atotij 6= f tot

ij /(xp
j +mj). This is because the domestic products’ input

shares (even though imports are included in those input shares) should still be in
relation to the domestic products’ output, not in relation to the products’ supply
(which includes imports of already produced products). The latter would yield
a matrix which is not describing the domestic industry structure or the domestic
industries’ production recipes. In the IOT in Appendix E, this corresponds to
dividing by 38 billion SEK and not 52 billion SEK in the agricultural products
column.36

34Wiedmann, 2009.
35UN, 1999.
36This is discussed in e.g. Östblom, 1980, and Bergman, 1977. If information of the domestic–

imports proportions was insufficient in the IOT, this would not be a trivial fact.
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Single-regional input–output analysis SRIO analyses include the rest of the
world (ROW) by assuming it has the same technological structure as the modelled
country, e.g. as the Swedish technological structure. That means that the required
production to produce the imported products is calculated by using the technical
coefficients matrix of the modelled country. This is a quite strong assumption,
since the inputs needed to produce a certain product in other countries could
differ quite substantially. But when using SRIO modelling, it is the only option
available.

Various SRIO analyses use various approaches to the ROW.37 Some studies with
the purpose of only analysing domestic effects of the consumption, does accordingly
not include the effects abroad at all. Some studies use Ad to model ROW, other
Atot = Ad + Am, which would be the most correct method, since Ad doesn’t
describe the total direct inputs needed in the production recipes.

To express mathematically the production needed throughout the whole supply
chain domestically and abroad to satisfy the total final demand yd + ym – given
that the ROW is approximated by Atot – the power series approximation of the
Leontief inverse is helpful. In Figure 3.2 this is visualized as a binary tree. In the
top of the tree, final demand, ytot, is first divided into a domestic part, yd, and an
imported part, ym. The domestic branch to the left is then further divided into
domestic production, Adyd, and imported production, Amyd. For the imported
branch to the right, the same is done, however the division in Adym and Amym

is really not needed, since we’re already abroad.

The total production caused by ytot is the sum of all nodes in the whole tree, which
can be expressed as Ltotytot = (I+Atot+A2

tot+. . .)ytot. The production occurring
domestically due to ytot is the sum of all nodes on the left edge of the whole tree,
in other words Ldyd = (I + Ad + A2

d + . . .)yd. The production occurring abroad
is accordingly the sum of the whole tree, less the left edge, i.e. Ltotytot − Ldyd.

38

Note that in all these sums, the top node of the tree is always excluded, since it
is already counted at the second level of the tree.

ytot

Iyd Iym

Adyd Amyd Adym Amym

      AdAdyd           ...        ...                ...   ...                ...       ...                ...

Figure 3.2. Binary tree describing production occurring domestically and abroad in
the whole supply chain to satisfy final demand of domestic and imported products.

37See e.g. Lenzen, 1998, Östblom, 1998, Machado et al., 2001, and Lindmark, 2001.
38This result is also used in Finnveden et al., 2007.
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Accordingly, this gives us a way of separating the required production occurring
domestically and abroad. That separation will be used in this study when domes-
tical and ROW production will be attributed different resource use and emission
intensities. However, imports that has been exported from the modelled country
further back in the supply chain will then wrongly be included in the ROW part
– so called feedback effects – which implies that the higher ROW intensities will
be used on a slightly too big share of the total production Ltotytot.

Multi-regional input–output analysis In MRIO studies, the A matrices of
the trading countries in the ROW are known to some extent; also known is the
distribution of imports over the countries exporting to the model country.39

Mainly two methods are used in MRIO analysis.40 The first, the unidirectional
trade model, separates the imports vector m into different imports vectors, one
for each trading partner who is exporting products to us. These vectors mi for
various countries i, are subsequently premultiplied by the exporting countries’ Ad

matrices. In this way the production needed for the imports to be produced inside
the trading countries are included, but not the production these trading countries
in their turn need from their trading countries.

The second MRIO method, the multidirectional trade model, takes care of this, as
it in theory uses all trading countries’ A matrices, and information about how they
trade. This is implemented by setting up a block matrix of A matrices, so that for
every country, the Am matrix for that country is divided into separate Am matrices
for each country they are in turn importing from. These models also take care of
the feedback effects resulting from exports exported to one country, which after
being processed, are imported back to the first country.41 The multidirectional
MRIO model has been implemented in the GTAP database42 which a number of
studies have been using.43

Exports In consumption-based accounting studies, the purpose is to reallocate
the responsibility of the production to the citizens of the country causing that
production. Therefore, exports, i.e. production caused domestically due to the
consumption done by actors in the rest of the world, should not be part of the
modelled country’s required production. Accordingly, final demand ytot should
exclude exports. We will denote this as ynexp

tot .

39Weber and Matthews, 2007, distinguishes these as the two major types of data needed in
MRIO models.

40Lenzen et al., 2004, Peters and Hertwich, 2009.
41de Haan, 2002, and Peters and Hertwich, 2009.
42GTAP, 2011.
43E.g. Peters et al., 2011, Peters and Solli, 2010, and Davis and Caldeira, 2010. See Wied-

mann, 2009, for an overview.
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3.3.2 Environmental extension to input–output analysis

We have now discussed the methods to determine the total production needed
upstream all throughout the supply chain, domestically as well as abroad, to sat-
isfy the total final demand in a country. Now we’re heading for the main goal in
the analysis, and that is to see what environmental repercussions that production
causes – the consumption perspective on environmental impact. That is the sub-
ject of the environmental extension to the input–output analysis (environmental
IOA).44 See Chapter 2.1.2 and Figure 2.2 for the rationale behind this subject.

To translate flows of production from the IOA to flows of masses in the environ-
mental IOA, the environmental intensities of production is utilized (see discussion
in Chapter 2.2.2). E.g. the amount of CO2 emitted per dollar’s worth of some type
of product is calculated. In Chapter 3.2, we learned that through the environmen-
tal accounts, the total flows of resource uses and emissions generated in the various
industries were collected in an environmental matrix called Eind. This matrix was
transformed to the matrix Ep in order to see the resource uses or emissions per
total production of a certain product, during a year. To get the corresponding
environmental intensity matrix Ei, all resource use or emission types in a column
of Ep is divided by the corresponding production value of that product to which
that column refers, i.e.

(3.14) Ei = Epx̂
−1
p .

Thus, an element eiij in Ei refers to the resource use intensity or emission intensity
of resource use or emission type i in the production of product j.45

Having generated Ei means that it is possible to calculate the consumption-based
resource uses and emissions for multiple resource use or emission types all at once,
in a single matrix multiplication. This is done, postmultiplying Ei by the required
production from some final demand, as expressed in equation (3.10), i.e.

(3.15) ec = EiLy ,

where ec is a column vector denoting the consumption-based environmental im-
pact, with eci referring to the amount of resource use or emissions of type i gener-
ated through the whole supply chain, caused by the final demand of all products.46

Equation (3.15) is the central equation of the environmental IOA used in this study.

In some SRIO studies,47 Ld is used for L and yd is used for y, meaning that the
domestic causes of final demand (inclusive exports) are analysed (impact on ROW

44See Leontief, 1970, for one of the first accounts of the subject. Miller and Blair, 2009, gives
an overview. See e.g. SEI, 2010, and SEI et al., 2009, for current and recent projects using
environmental IOA.

45Östblom, 1998, is doing this in a similar way.
46See Miller and Blair, 2009. However, as is pointed out by Miller and Blair, caution must

be done when calculating energy use in this way, if both primary and secondary energy uses are
calculated. Blair, 2011, confirms though, that when using only primary energy uses (as is done
in this study), equation (3.15) is correct.

47E.g. Östblom, 1998.
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not included). Some other studies use Ltot (or Ld) and ynexp
tot or similar approaches,

in order to analyse the worldwide causes of the domestic final demand (exclusive
exports).48

In unidirectional MRIO studies, ec in equation (3.15) is calculated for every export-
ing country from which the modelled country are importing, with country-specific
intensities and Leontief inverses (Ei and L) and different y’s (denoting imports)
depending on country; then all these country-specific ec vectors are summed to-
gether.49 In multidirectional MRIO studies a block matrix is applied as mentioned
earlier, and every country are assigned country-specific intensities.50

In many consumption-based studies, downstream effects are also part of the analy-
sis by including the direct use edir in equation (3.15), thereby considering resource
use and emissions in the usage phase as well.51,52 Downstream effects in the dis-
posal phase are already a part of the analysis upstream, since these effects can be
considered included in the consumption of waste services from the waste industry.

LCA versus IOA

Since environmental IOA through its Leontief inverse, determines the environmen-
tal pressure caused throughout the whole supply chain, without any theoretical
system boundary, it could be used together with ordinary life cycle assessments
(LCAs). LCAs are still superior when it comes to determine the environmental
impact early in the supply chain of some specific product, since the analyses done
there are pretty detailed. However, it is impossible to extend the process tree of
an LCA for ever, since the data demands become to high. Therefore, IOA can
be used to cover up the rest of the process tree. IOA, on the other hand, cannot
be used as a substitution for LCA, since the IOA only gives an average value of
the pressure caused by a whole product group, whereas a LCA analyses a specific
product. In general, LCAs are more relevant for analyses on a specific product
level, whereas IOAs are more relevant on a country level.53,54

Ecological footprints and other embedded concepts versus IOA

The ecological footprint is an analytical tool for determining the land area needed
to produce the products consumed and absorb the waste and emissions produced
by a whole country.55 The ecological footprint takes into account imports and

48E.g. Lenzen, 1998, and Statistics Sweden, 2000.
49See e.g. Peters and Hertwich, 2006.
50See references in previous section about MRIO analysis.
51E.g. Östblom, 1998, Carlsson-Kanyama et al., 2007, and Swedish EPA and Statistics Swe-

den, 2008.
52See Chapter 3.2.1 regarding edir.
53See Hendrickson et al., 2006, for a good introduction. Peters, 2010, and Finnveden and

Moberg, 2005, discuss country-level to product-level issues, and hybrid models. Also discussed
in Spreng, 1988.

54See also Chapter 2.1.2 for a comparison between LCA and IOA.
55Introduced in Rees, 1992, and Wackernagel and Rees, 1996. See also WWF, 2010.
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exports, but not the indirect effects through the whole supply chain like the IOA
does. However, recent research has proposed a developed ecological footprint
analysis combined with IOA.56

In this context the concept of virtual water and similar embedded concepts like
emergy need mentioning. The analysis of these concepts in relation to IOA will
be suggested for further research.57

3.3.3 Time series and EKCs based on input–output analysis

Overview and studies performed

Most environmental IOA studies have been studying single years only,58 but there
are some exceptions. In a study by Weber and Matthews, the emissions embodied
in US trade for the years 1997, 2002 and 2004 are analysed using an unidirectional
trade MRIO.59 Roca and Serrano study Spanish pollution for the years 1995 and
2000, using a SRIO model.60 In a Nordic council study from 2010, Peters and Solli
study the Nordic countries using multidirectional MRIO analysis for 1997, 2001
and 2004.61 Wiedmann et al., construct a time series from 1992–2004 for the UK,
using a unidirectional MRIO.62 Recently, Peters and colleagues performed a MRIO
time series analysis covering the period 1990–2008 for embodied CO2 emissions in
trade between developing and developed countries.63 The general results from all
these studies show increasing emissions, and in general higher levels compared to
official production-based data.

For the sake of performing IOA-based EKC studies, time series are needed when
performing longitudinal analysis for a certain country. However, IOA-based cross-
sectional analysis is also an option when performing EKC studies. This is done by
Hertwich and Peters who perform a cross-country study utilizing multidirectional
MRIO analysis, covering the whole world.64 In a study by Davis and Caldeira a
cross-country analysis is also performed, though no EKC analysis is performed –
although, it can be shown from their data, that there exists no EKC-like pattern,
and CO2 emissions are rising with increasing GDP.65 In the Roca and Serrano
study above a cross-sectional EKC analysis is also performed over increasing in-
come groups – results suggest absolute decoupling does not occur.66

See Chapter 3.3.4 for Swedish studies.

56See Wiedmann et al., 2006, which also gives an overview of the ecological footprint literature.
57See Lenzen, 2009, for an IOA study concerning virtual water.
58Peters and Solli, 2010.
59Weber and Matthews, 2007.
60Roca and Serrano, 2007.
61Peters and Solli, 2010.
62Wiedmann et al., 2010.
63Peters et al., 2011.
64Hertwich and Peters, 2009.
65Davis and Caldeira, 2010.
66Roca and Serrano, 2007.
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Decomposition analysis

When constructing time series of environmental pressure, it is of interest to decom-
pose the various factors contributing to the change of the environmental pressure.
For instance, looking at the IPAT equation, the impact I is multiplicative decom-
posed into the factors P , A and T . It is also possible to decompose I additively
into contributing terms that individually correspond to P , A and T – this will be
shown below in the case of two variables.

The most common form of decomposition analysis is index decomposition analysis
(IDA), dealing with environmental factors which are not based on IOA and the
Leontief inverse. Structural decomposition analysis (SDA), on the other hand, is
a method for decomposing factors in IOA-based studies.67

Multiplicative decomposition measures the relative change in a variable, and is,
as the case for the IPAT above showed when the analysis was not done with
a sectoral resolution, straightforward. Additive decomposition, measuring the
absolute change in a variable, requires some examination though. Suppose we
have a simplified form of IPAT relation, say emissions (e) of CO2, depending on
volume (v) in GDP, and on intensity (i) expressed as CO2/GDP. Then we have

(3.16) e = vi .

The idea behind additive decomposition is to find out how much e would change
due to the change of v given that i remains unchanged, and how much e would
change, due to the change of i given that v remains unchanged.68 In other words,
we would like to express ∆e = ∆(vi) as ∆e = f(∆v) + g(∆i). This can be derived
by expressing the total derivative of e when e is a function e(v(t), i(t)) = v(t)i(t).
Differentiation gives69

(3.17)
de

dt
=

∂e

∂v

dv

dt
+

∂e

∂i

di

dt
⇔ de =

∂e

∂v
dv +

∂e

∂i
di ,

and considering that e = vi, the partial derivatives become ∂e
∂v

= i and ∂e
∂i

= v, so
equation (3.17) transforms to

(3.18) de = idv + vdi .

So for a small change in e we have actually decomposed e into two terms, the first
term depending only on changes in v, the other term depending only on changes
in i.

If considering the two-dimensional surface that the function e(v, i) = vi describes
in the diagram in Figure 3.3, the terms of de describe the change happening in e,

67See Wood and Lenzen, 2009, Hoekstra and van der Bergh, 2003, and Ang and Zhang, 2000
for overviews and literature surveys. Minx et al., 2009, is a recent SDA study for UK CO2

emissions.
68Kander, 2002, calls this counterfactual analysis, i.e. what would the change in impact have

been, if one of the independent variables had been constant.
69Hoekstra and van den Bergh, 2002, and Adams, 1995.
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Figure 3.3. Plot of the surface e(v, i) = vi.

i.e. the change in height above the v, i-plane (the floor of the box in the diagram),
when going on the surface e(v, i) = vi the infinitesimal distance from the start
point e0 to an end point infinitely close to e0. This distance is accomplished by
going along the surface for instance the distance dv in the v-direction, and the
distance di in the i-direction. Thus, going the distance dv in the v direction, leads
to the increase idv in height above the v, i-plane, and going the distance di in the
i-direction, leads to the increase vdi in height above the v, i-plane, all in all leading
to an increase in height that amounts to de = idv + vdi as described by equation
(3.18).

The distance on the surface from e0 to a point infinitely close to e0 could also
be accomplished by first going the distance di in the i-direction, and then the
distance dv in the v-direction. However, these two ways of getting from e0 to the
point infinitely close to e0 are unambiguous, since the function e can be considered
to be a plane for infinitesimal changes.

However, when discretization of equation (3.18) is done, we get for instance

(3.19) ∆e = i0∆v + v1∆i ⇔ (e1 − e0) = i0(v1 − v0) + v1(i1 − i0).

Consider the surface e(v, i) again in Figure 3.3. The arrows indicate one of the
possibilities of how to get from the starting point, e0, to the endpoint, e1, in the
discrete case, by first going in the v-direction, and then in the i-direction – this
alternative is also what equation (3.19) describes. However, there is also another
possibility, not shown in the diagram, and that is to, starting at the same point
e0, instead first go in the i-direction, and then in the v-direction, to end up at e1.
Accordingly, since e(v, i) is a non-linear function, there are two ways of going from
e0 to e1, and thereby two ways to discretize equation (3.18). A common solution
is to use the average of these two ways:70

∆e = i0∆v + v1∆i = i1∆v + v0∆i(3.20)

=
1

2
(i0∆v + i1∆v) +

1

2
(v1∆i + v0∆i) .(3.21)

70See Dietzenbacher and Los, 1998, and Miller and Blair, 2009. A number of other more
sophisticated methods are available, see e.g. Hoekstra and van der Bergh, 2003.
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We can now conclude, by saying that the change in ∆e = f(∆v) + g(∆i), where
the functions f and g are given by the two terms of equation (3.21). When
decomposing into more variables, the same approach as above is used. To arrive
at the percentage contributions of the components, division by e0 is done as in

(3.22) 100 · ∆e

e0
= 100 · f(∆v)

e0
+ 100 · g(∆i)

e0
.

Applying this for IOA studies, i.e. performing structural decomposition analysis
(SDA), yields that e.g. equation (3.15), i.e. ec = EiLy, can be decomposed for
instance as

(3.23) ∆ec = E0
iL

0∆y + E0
i ∆Ly1 + ∆EiL

1y1 .

It may at first seem strange in e.g. the second term above, to take the difference
of L, which is a matrix, when the difference ∆ec is a vector. That is however not
any problem, since the second term is in fact (E0

iL
1y1−E0

iL
0y1) which is indeed

a vector.

SDA is however only meaningful if the IOTs and subsequently L1 and L0 are
available in constant prices. In this study we have not been able to obtain IOTs
in constant prices, and consequently a SDA will not be performed. An IDA will
however be performed, based on the results in equation (3.21) and (3.22) – see
Chapter 4.4.3.

3.3.4 Swedish studies

Most of the studies utilizing IOA for estimating the environmental pressure caused
by the Swedish economy, analyse a single year only. In 1998, Östblom made
a study of CO2, SO2 and NOx comparing them with Sweden’s environmental
goals.71 In 2000, Statistics Sweden, analysed CO2, SO2 and NOx.

72 In 2007,
Carlsson-Kanyama et al., made a study of CO2 using among others data from mul-
tidirectional MRIO databases.73 The Swedish Environmental Protection Agency
performed a similar study in 2008.74

Swedish IOA-based time series analyses are few. Decomposition analyses was
performed in studies by Bergman75 and Östblom76 who analysed the change in
Swedish energy use during the sixties and the seventies. Kander and Lindmark
has performed long-term longitudinal studies for CO2 covering up to two hundred
years, though the IOA performed only include the twentieth century. They also

71Östblom, 1998.
72See Statistics Sweden, 2000 and an updated English version in Statistics Sweden, 2002b.
73Carlsson-Kanyama et al., 2007.
74Swedish EPA, 2008. Also referred to in Swedish EPA, 2010a, and Swedish EPA, 2010b. See

Swedish EPA and Statistics Sweden, 2008, for detailed methods.
75Bergman, 1977.
76Östblom, 1980.
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perform an EKC study based on their data.77 Statistics Sweden made a SDA
study in 2003 of CO2.

78 Finally, in 2010 a study based on multidirectional MRIO
for the years 1997, 2001 and 2004 was published.79

Most of these studies, show higher levels of pollutants compared to official pro-
duction-based data, and in the latest MRIO study from 2010, emissions increased
with time.80 An exception is the long term studies by Kander and Lindmark
mentioned above, though this is probably due to the employment of a SRIO model
with Swedish emission intensities for the production occurring abroad.

The study presented in this report, will add to the earlier Swedish IOA-based time
series analyses, by analysing, among others, the consumption-based emissions of
CO2 equivalents for a complete time series (1993–2005). This study will also
test the EKC hypothesis against the development of the consumption-based CO2

equivalents, which hasn’t been done before on Swedish data. See Chapter 4 for
details.

3.3.5 Uncertainties

Not so many studies have been performed analysing uncertainties in environmen-
tal input–output models.81 The uncertainties range from aggregation errors82 to
incomplete data or data of low quality. The latter applies for instance in all the
cases where input–output tables are not available for all years, or for all countries
which a particular study analyses – in other words, a prevailing problem in all
environmental IOAs.

The linearity, which is the basis of the input–output analysis, can be understood as
an assumption introducing uncertainties in the results when final demand differs
a lot from the original final demand from which the technological matrix origi-
nated. However, this ought to be a problem only in change-oriented studies or
projections, where an analysis of the effects of some certain change on the margin
is performed. In contrary, this present study could be considered as an accounting
study, whose purpose only is to allocate the energy use or emissions which already
have occurred.83

The problem of uncertainties in studies making use of exchange rates between
countries – which is almost always the case in MRIO modelling and in some

77See Lindmark, 2001, and Kander and Lindmark, 2006.
78Statistics Sweden, 2003. Statistics Sweden also has a time series of CO2 emissions available

on their web page, see Statistics Sweden, 2011h.
79Peters and Solli, 2010.
80Ibid.
81See Wiedmann, 2009, for a literature survey. Hendrickson et al., 2006, gives an introduction

to the subject, showing how Monte Carlo simulation can be employed.
82See Kymn, 1990, and Miller and Blair, 2009, for an overview of the aggregation problem

in input–output analysis in general. Lenzen et al., 2004, analyses the problem of aggregation in
connection to environmental IOAs.

83Finnveden and Moberg, 2005, make this distinction. In Brander et al., 2009, a similar
distinction is made between consequential and attributional approaches to LCA studies.
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cases in SRIO modelling as well – have been discussed by e.g. Weber in a study
of the embodied emissions in US international trade. In Weber’s study, using
purchasing power parity (PPP) exchange rates for valuing products instead of
market exchange rates (MER), yields almost 50 percent lower emissions.84

In this study uncertainties will be studied to the extent that the results are pre-
sented based on the PPP approach, with the Swedish intensities abroad approach
and the MER approach as lower and upper bounds respectively.85

3.3.6 Other topics

A consideration in input–output models not discussed so far is the extent to which
investments are used as inputs in the industry. The usual input–output table (e.g.
the Swedish 2005 IOT, see Appendix E) doesn’t consider investments as being
inputs in the intermediate matrix, but instead consider them to be a part of
the final demand. This means that the environmental repercussions coming from
investments in e.g. factories or power plants, are not included in the environmental
impacts occurring along the supply chain due to the consumption of some product.
For instance, when a final user is consuming electricity from the energy sector, the
CO2 emissions occurring directly and indirectly due to the building of the nuclear
power plant which produces the electricity, are excluded. These questions are
addressed in open versus closed input–output models, and in the field of dynamic
input–output modelling, and will be suggested as an area for further research.86,87

Another issue with interest for resource use research, is so called supply-constrained
input–output models.88 In normal models, the supply or the output is considered
to be a function of the final demand, x = f(y). In supply-constrained models,
some parts of the output will be constrained, making the other parts of the output
being a function of the constrained parts. Hence, the output of the non-constrained
products is not only dependent on the final demand, but also on how much output
the constrained products can deliver (in standard IO-models, there is no limit on
how much output the various products can deliver). This subject has been studied
for instance with respect to peak oil.89

84See Weber and Matthews, 2007. MER versus PPP is also discussed in e.g. ITPS, 2008, and
Nordhaus, 2007, arguing for the PPP approach, and in Peters and Hertwich, 2009, arguing for
the MER approach.

85Also, a short examination of the uncertainties in connection with the aggregation problem
was done in an early stage of the study, but this will not be presented here.

86See Miller and Blair, 2009, although environmental considerations in connection with this
issue is not discussed there.

87Including investments in this way would also solve the problem of not properly allocate
the investments in the exports industry. These are now wrongly included in the domestic final
demand.

88See Miller and Blair, 2009.
89Kerschner and Hubacek, 2009.



Chapter 4

Study-specific data and methods

In the previous chapter, we went through the theoretical foundations for the meth-
ods used in input–output analysis, and its environmental extension. In this chap-
ter, we will describe the methods used in this specific study. This chapter assumes
that the theory explained in Chapter 3 is already known, accordingly we will here
only describe the specifics for this study and not go into particulars about the
theory lying behind.

For detailed calculations and data, see the accompanying Excel database presented
in Appendix F.

4.1 Organization

Data and methods used can be organized into the following parts:

Economical data and methods:

� Collection and pretreatment of economical data from SUTs and IOTs.

� Generation of IOT time series using updating methods for years missing
official IOTs.

� Calculation of the Leontief inverse and the required production to meet final
demand.

Environmental data and methods:

� Collection of domestic environmental data

� Calculation of domestic intensities

� Calculation of world average intensities

42
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Master calculations:

� The master expression

� Physical trade balances

� IPAT and EKCs

� Decomposition analysis

� Sector analysis

� Analysis of final demand categories

4.2 Economical data and methods

4.2.1 Collection and pretreatment of economical data from
SUTs and IOTs

Supply tables, use tables and input–output tables are obtained from the Swedish
national accounts at Statistics Sweden.1 All these tables are available in two time
series revisions, and both these revisions are parallelly used in the calculations:

� Revision 1993–2003 : For each year a supply table in basic prices and a use
table in market prices are obtained. IOTs are obtained for the year 1995
and 2000. The IOTs are subdivided into a domestic table, an imports table,
and a total table (domestic plus imports).

� Revision 2000–2005 : For each year a supply table in basic prices and a use
table in market prices are obtained. IOTs are obtained for the year 2000 and
2005.2 The IOTs are subdivided into a domestic table, an imports table, and
a total table (domestic plus imports).

The original tables provided by the national accounts, are in sizes of 55 x 55
industries or products. Since the data from the environmental accounts are divided
into 52 industries, all SUTs and IOTs are aggregated using an aggregation matrix,
G, which means that certain industries or products are put together, yielding 52
x 52 matrices, and vectors 52 elements long.3 For vectors, e.g. total output and
final demand, the aggregation is performed through e.g.4

(4.1) x̃p = Gxp ,

1Statistics Sweden, 2011c, 2006a, 2009, 2006b, and 2008.
2The IOT for 2000 from this latter time series revision, should not be confused with the IOT

for 2000 from the former time series revision.
3The industries aggregated are shown in the accompanying Excel files, see Appendix F.
4See Appendix C for details about aggregation operations.
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meaning that some of the rows in xp are added and put together in x̃p. For the
make and intermediate matrices the aggregation is done by e.g.

(4.2) S̃ = GSG′ ,

meaning that some of the rows and their corresponding columns are added and
put together in S to form S̃.

4.2.2 Generation of IOT time series using updating meth-
ods for years missing official IOTs

Since the official IOTs are published every five years only, IOTs for the missing
years is calculated in the study. This is done beginning with a year where an
official IOT in basic prices is available, e.g. year 2000, in order to use that year’s
division of domestic production, imports, and taxes less subsidies. The following
steps are then undertaken:

1. The intermediate matrix in the IOT in market prices for year 2000 is gener-
ated from the SUTs from that year, through Fgen = US′c. The final demand
matrix y in the IOT in market prices for year 2000 is picked from the use
table for that year.5

2. The shares of domestic production, imports, and taxes less subsidies are
calculated for both the intermediate matrix of the IOT and the final demand
table of the IOT. For the intermediate matrix, this is done by6

F r
d = Fd � Fgen ,(4.3)

F r
m = Fm � Fgen ,(4.4)

and for the final demand matrix by

yr
d = yd � y ,(4.5)

yr
m = ym � y .(4.6)

3. For any year (here called the calculation year) that is using the official IOT
from year 2000 (see step 5 below), a domestic and an imports IOT is gen-
erated by firstly constructing an IOT in market prices (as in step 1 above),
yielding F̃gen and ỹ (tilde above variables will here mean variables referring

to the calculation year). Then F̃d, F̃m, ỹd and ỹm are calculated by using
the ratios calculated in step 2 above, yielding

F̃d = F r
d ⊗ F̃gen ,(4.7)

F̃m = F r
m ⊗ F̃gen ,(4.8)

ỹd = yr
d ⊗ ỹ ,(4.9)

ỹm = yr
m ⊗ ỹ .(4.10)

5Here y is considered a matrix, and not a vector as in all other calculations.
6See Appendix C for definition of the element-wise multiplication and division operators ⊗

and �.
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4. Finally, the calculated IOT for the calculation year, denoted by F̃d, F̃m,
ỹd and ỹm are calibrated against the known sums of the real official x̃p

and m̃ from the supply table from the calculation year. Since summing all
the elements of F̃d and ỹd should yield the sum of x̃p (see the tables in
Appendix E), but may not actually do this since they are generated from
the official IOT which applies for another year, the ratio between the sum
of x̃p to the sum of all elements in F̃d and ỹd is calculated, and then all

elements in F̃d and ỹd is multiplied by this ratio. This guarantees that the
new calibrated F̃d and ỹd sums up to the real official sum of x̃p. The same
reasoning goes for the imports part of the IOT.7

5. The official IOTs used for the various years in these calculations, are the
following:

(a) Revision 1993–2003: For the years 1993–1997 the IOT from 1995 is
used. For the years 1998–2003, the IOT from 2000 is used.

(b) Revision 2000–2005: For the years 2000–2003 the IOT from 2000 is
used. For the years 2004–2005, the IOT from 2005 is used.

4.2.3 Calculation of the Leontief inverse and the required
production to meet final demand

The next step is to calculate the matrix of technical coefficients A. Two versions
are calculated, the domestic version Ad and the total version Atot = Ad + Am:

Ad = Fd x̂
−1
p ,(4.11)

Atot = (Fd + Fm)x̂−1p ,(4.12)

where Fd and Fm are the calibrated intermediate domestic and imports matrices
from the calculated IOT for the current calculation year, and xp are the generated
and calibrated xp = Fd i + yd. The real official xp is not used, since it differs
element-wise from the generated and calibrated one (even though their sums are
equal), and this makes the calculations not completely consistent.

Based on that, the corresponding Leontief inverses are calculated as

Ld = (I −Ad)
−1 ,(4.13)

Ltot = (I −Atot)
−1 .(4.14)

Next, the total production – generated domestically and abroad due to domestic
final demand (i.e. exclusive exports) of domestically produced products (ynexp

d ) and
of products produced abroad (ynexp

m ) – is calculated as Ltoty
nexp
tot , where ynexp

tot =
ynexp
d + ynexp

m . That corresponds to the sum of the whole tree in Figure 3.2.
The production generated domestically due to only domestic final demand (i.e.

7See Eurostat, 2008, for more advanced calibration procedures.
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exclusive exports) of domestically produced products (ynexp
d ) on the other hand,

is calculated as Ldy
nexp
d . That corresponds to the sum of the nodes on the left

edge of the tree in Figure 3.2. And finally, the products produced abroad only
– due to domestic final demand (i.e. exclusive exports) of domestically produced
products and of products produced abroad – then becomes Ltoty

nexp
tot − Ldy

nexp
d .

Note though, that feedback effects are not taken into account here, i.e. the share
of products produced abroad will probably be slightly too big since some of the
imports have probably further back in the supply chain been produced in Sweden
as exports. See also Chapter 3.3.1.

To summarize, required production produced in Sweden is

(4.15) Ldy
nexp
d ,

and required production abroad is

(4.16) Ltoty
nexp
tot −Ldy

nexp
d .

The domestic production caused by our exports is also interesting, and it can be
expressed as

(4.17) Ldy
exp
d ,

where yexp
d is the exports part of the final demand of domestically produced prod-

ucts only (thus not including imports going to exports).

4.3 Environmental data and methods

4.3.1 Collection of domestic environmental data

Environmental pressure from industry, including bunkers

Environmental data are obtained from the environmental accounts from Statistics
Sweden.8 The data comes from a newly revised time series (March, 2011) covering
the period 1993–2005. Here the time series is pertaining to one revision only, i.e.
the same methods are used throughout the whole time series.

The data include bunkers, i.e. resource use and emissions data due to international
aviation and sea transports. This differs from the official UNFCCC data.9 Thus,
even though these data from Statistics Sweden are purely production-based, they
are still higher than the official production-based UNFCCC data. Bunkers are
used by both Swedish users and users from the rest of the world (e.g. domestic
and foreign shipping companies), which may suggest Swedish users get allocated

8See Statistics Sweden, 2011d. For methods used by the environmental accounts to obtain
the data, see also Statistics Sweden, 2004, and Statistics Sweden, 2005.

9The reporting done by Sweden to UNFCCC, the United Nations Framework Convention on
Climate Change. See Swedish EPA, 2011.
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too much. However, since Swedish users also use bunkers in other parts of the
world and that use is not included in the calculations, it may even itself out. In
lack of data covering the allocation of bunker use between domestic and foreign
users in Sweden, this is the best method available.10

The energy resource part of the data from Statistics Sweden, refer to total final
consumption of these resources, i.e. transformation losses during processing of the
primary energy source, is not included.11

For every year in the time series, these environmental data are organized in a
resource use and emissions x industry matrix, Eind, where eindij refers to resource
uses or emissions of type i generated by the production in industryj. The resource
uses and emissions i are the following 15 variables:

� Energy resource use types : Aviation fuels, other petroleum products,
fuel oil 1, fuel oil 2–5, engine petrol, diesel oil, solid fossils, and fossil gases
(measured as TJ/year).

� Emissions: CO2, CH4, N2O, SO2, NOx, CO, and NMVOC (measured as
Mt/year).

Environmental pressure from direct use

In addition to these environmental data of resource use and emissions in the in-
dustry (which will be used in the IOA calculations) the direct use of resource uses
or emissions by final consumers need be added to the total calculations. These
data correspond to the environmental direct use box, in the right lower corner
of Figure 3.1. This is the resource uses or emissions occurring downstream after
consumption during the usage phase, e.g. heating of housing and transports.

These data are obtained from the same data sets from the environmental accounts
as the data above, but will for the analysis be organized into a separate vector
edir, where ediri refers to energy resource use or emission of type i. In reality
edir is separated into columns denoting different consumer categories (non-profit
organizations’ use, public use, and private use), but here these columns are added
together and treated as one column.

Official data

For comparison, official production-based data corresponding to the environmental
variables listed above, are obtained from Statistics Sweden (include bunkers),12 the
Swedish energy authority (include bunkers),13 and from the Swedish reporting to
UNFCCC (exclude bunkers).14

10Statistics Sweden, 2011b. See Cadarso et al., 2010, for a recent attempt to develop a new
methodology in this field.

11Statistics Sweden, 2011b.
12Statistics Sweden, 2011d.
13Swedish Energy Agency, 2010.
14Swedish EPA, 2011.
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4.3.2 Calculation of domestic intensities

Firstly, the matrix Eind need to be transformed to obtain the resource uses or
emissions generated per product (see equation (3.3)). This is done by

(4.18) Ep = EindS
′
c ,

where epij refers to the resource use or emissions type i generated by product j.
Thereafter the Swedish environmental intensity matrix Eswe

i is calculated by

(4.19) Eswe
i = Epx̂

−1
p ,

where xp is the calibrated total production values for the various products over a
year (xp = Fd i + yd, Fd and yd obtained in the calibration procedure explained
in Chapter 4.2.2). Note that xp accordingly refers to gross output from the homo-
geneous industries, and not the value added numbers. In Eswe

i the element ei,swe
ij

refers to the intensity of energy resource use or emission type i, in the production
of product j.

4.3.3 Calculation of world average intensities

World average intensities approach

In order to estimate the resource uses and emissions Swedish final demand causes
abroad, world average intensities are used. The reason for this is that it is rea-
sonable to believe that production occurring abroad is more resource use and
emissions intensive than Swedish production, thus world average intensities yield
more accurate estimates of resource use and emissions than Swedish intensities
would provide.

It could be argued though, that the production abroad should be attributed inten-
sities depending on where the production is imported from.15 Two problems exist
with such an approach though. Firstly, in the Swedish statistics of imports, only
information of the dispatching countries are shown, thus information about the
country of origin where the products were produced and where the resource use or
emissions took place, is not known.16 Investigations done in the 1990s suggested
most of the dispatching countries where the same as the country of origin,17 but
it is hard to know how much this has changed since then. Secondly, the products
produced abroad to satisfy our final demand, are not only produced in the coun-
tries we are importing from, but also in countries that our import countries in
their turn import from, and so on through the whole supply chain. It may be that
a large portion of the indirect inputs come from other more resource and emissions
intensive countries.18,19

15This method is applied in Statistics Sweden, 2000, and in Swedish EPA and Statistics
Sweden, 2008.

16Statistics Sweden, 2000, Swedish EPA, 2008, and Swedish EPA, 2010b.
17Statistics Sweden, 2000.
18Swedish EPA, 2008.
19E.g. exports from China to Europe constitutes a considerable part of Europe’s CO2 emis-

sions, see Davis and Caldeira, 2010. See also Andersen et al., 2010, for transports from China.
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Accordingly, intensities from our direct import countries may yield too low values
of the emissions our final demand causes abroad. On the other hand world average
intensities may yield too high values, since these intensities are higher than typical
values from the European countries which we are importing from – somewhere
around 20 % higher in 2005 for CO2.

20 But again, an unknown part of what we
import from European countries, may actually have been produced somewhere
else, so the true values may be somewhere in between. A more detailed analysis
of these matters will be suggested for further research.

When it comes to the calculations of the world average intensities, the approach
used in this study is to calculate the ratio between world intensities of resource uses
or emissions per dollar GDP to Swedish intensities of resource uses or emissions
per dollar GDP, and then multiply this ratio with the Swedish environmental per-
product intensities (see details below). The world intensities (e.g. emissions per
GDP) can not be used directly, since the Swedish output resulting from the IOA
part of the study, refers to gross output from the industries and not from the value
added obtained in the industries.

Data

All GDP data is obtained from the World Bank.21 Swedish GDP and World
GDP are used, covering the whole period 1993–2005. Two different GDP time
series with different calculation methods are used. One uses the purchasing power
parity (PPP) method in constant 2005 international dollars – this is the time series
we mainly will use. The other time series uses market exchange rates (MER) in
constant 2000 US dollars – this time series will be used as a comparison only.

The reason for using the PPP approach, is that the allocation of Swedish-induced
emissions abroad will be estimated too high with the MER-based GDP, due to
the fact that MER-based GDP underestimates the output produced in the world
(when GDP is underestimated, the numerator in the ratio used to calculate the
world average intensity, will be too high).22 Some argue that the MER approach
should still be used, since products traded over borders are in fact valued MER.23

However, in this present study the argument is that the exports from the ROW
receives a too big share of the output from the ROW when the output of the ROW
is valued at MER, since the output from the ROW, going both to exports and to
domestic use, is really higher according to the PPP approach. Thus, the exports’
(from the ROW) share in the responsibility for producing emissions there, is not
as high.

World energy resource use data is obtained from IEA, with a time series covering
the whole period used in this study (1993–2005).24 The variables used from the

20Based on Statistics Sweden, 2011g, and World Bank, 2010.
21World Bank, 2010.
22ITPS, 2008, has the same reasoning.
23E.g. Weber and Matthews, 2007, and Peters and Hertwich, 2009. Nordhaus, 2007, gives a

contrary view.
24IEA, 2010.
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IEA database are oil, coal and gas. Note that these data refer to total final
consumption of energy, and not to total primary energy demand. The reason
for this is that the Swedish data refer to total final consumption of energy, i.e.
transformation losses when converting energy resources to the kind of energy used,
are excluded.

World emissions data is obtained from the EDGAR database, newly revised to
cover time series up to the year 2005.25 The variables used from the EDGAR
database is CO2, CH4, N2O, SO2, NOx, CO, and NMVOC.

World energy resource use and emissions data are assembled into the vector eworld.

All Swedish energy resource uses and emissions data used in the world average in-
tensities calculations are obtained from the Swedish environmental accounts as in
the calculations of the domestic intensities above. The data used are the sums of
the energy resource uses and emissions in both industry and as direct use, assem-
bled into the vector eswe = Epi+ edir. It could be argued that the environmental
data for Sweden ought to be obtained from the same sources as the environmental
data from the world above. However, the environmental data for Sweden from
these sources were found to differ too much from the Swedish environmental ac-
counts data, and it is reasonable to believe that Swedish environmental accounts
data are more reliable.

Calculations

Two vectors, kPPP and kMER are compiled describing the ratio of world intensity
to Swedish intensity. For the PPP case, each cell in these vectors are calculated
as

(4.20) kPPP
i =

eworld
i /GDPworld

PPP

eswe
i /GDP swe

PPP

where kPPP
i refers to the world–Sweden intensity ratio for the resource use or

emission type i, eworld
i (which comes from the vector eworld defined above) refers to

the total amount of that resource use or emission type i generated during a year
for the world, and eswe

i (which comes from the vector eswe defined above) refers to
the total amount of that resource use or emission type i generated during a year
for Sweden. Since eworld are obtained in a more aggregate version than eswe (in
eswe there are for instance six categories of oil, and in eworld there are just one
category of oil), some of the elements in eswe are added together before the cells
in kPPP are calculated.26

Finally, to obtain the world average intensities, every column in the matrix Eswe
i

are multiplied element-wise with column vector kPPP to obtain the matrix EPPP
i ,

which is done by first diagonalizing kPPP to k̂PPP and then do

(4.21) EPPP
i = k̂PPPE

swe
i .

The corresponding calculations are carried out to obtain EMER
i .

25EDGAR, 2010. This database is used by WRI among others, see WRI, 2011.
26See the accompanying Excel database for details (Appendix F).
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4.4 Master calculations

4.4.1 The master expression

At this stage, we put all previous calculations together, to produce the main
results. The master expression then obtained can be expressed as

(4.22) Environmental pressure = Domestic + Abroad + Direct use .

Domestic means all resource uses or emissions generated in Sweden due to Swedish
final demand of domestic products. Abroad means resource uses or emissions gen-
erated abroad due to Swedish final demand of domestic products and of prod-
ucts produced abroad. Direct use means resource uses or emissions generated by
Swedish final consumers in the usage phase of products (e.g. heating, transports).

More formally, the master expression is expressed as

(4.23) ẽtot = G (EiLdy
nexp
d + k̂Ei(Ltoty

nexp
tot −Ldy

nexp
d ) + edir ) ,

and this calculation is performed for every year in the two time series revisions
1993–2003, and 2000–2005.

The aggregation matrix G is used to aggregate the various environmental parame-
ters listed in Chapter 4.3.1, yielding the aggregated vector ẽtot which now contains
the following environmental parameters:27

� Energy resource uses types : Oil, coal, gas and total fossil fuel use (measured
as TWh/year).

� Emissions: CO2, CH4, N2O, CO2eq, SO2, NOx, CO, and NMVOC (measured
as Mt/year).

In the vector ẽtot, ẽ
tot
i refers accordingly to the resource use or emission of type

i generated totally upstream through the whole supply chain, and downstream
including the usage phase and the disposal phase.28 The world–Sweden intensity
ratio k is diagonalized to k̂ in order to be able to multiply it with the resource
use or emissions-based Swedish intensities.

Some variations of equation (4.23) are calculated. With k̂ as k̂PPP or k̂MER the en-
vironmental load based on PPP-based GDP or MER-based GDP are determined.
With k̂ = I the environmental load based on Swedish intensities for production
abroad, are determined.

27See the accompanying Excel database (Appendix F), too see the exact structure of G. For
CO2eq, the following weights are used: 1 for CO2, 21 for CH4 and 310 for N2O. See Fuglestvedt
et al., 2003. A similar aggregation approach for constructing CO2eq is used in Lenzen, 1998.

28The disposal phase is included to that extent that waste services are a part of the industry.
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4.4.2 Physical trade balances

The resource use and emissions caused by exports are calculated as

(4.24) ẽexp = GEiLdy
exp
d ,

where yexp
d is the exports part of the final demand of domestically produced prod-

ucts (imports going to exports not included). Based on this result and the middle
term in equation (4.23), a physical trade balance for resource uses or emissions is
calculated as

(4.25) G (EiLdy
exp
d − k̂PPPEi(Ltoty

nexp
tot −Ldy

nexp
d )) .

4.4.3 Decomposition analysis

Equation (4.23) is in itself decomposed into three terms. However, it is also pos-
sible to decompose the middle term into the contribution from k and the contri-
bution from the rest of that term, in order to analyse how much of the change in
environmental pressure abroad is caused by the change in the intensities abroad,
or by the change in impact abroad if Swedish intensities applied.

Analysing a certain environmental variable ei,
29 we have equation (4.23) as

(4.26) ei = ei
iLdy

nexp
d + kie

i
i(Ltoty

nexp
tot −Ldy

nexp
d ) + ediri ,

where ei
i is a row vector with intensities for the environmental variable i, and ediri

is the sum of direct use of resource uses or emissions for the environmental variable
i.

Now, if we denote the right side of the middle term in equation (4.26) as
mi=ei

i(Ltoty
nexp
tot − Ldy

nexp
d ) – thus the middle term becomes equal to kimi –

we can decompose the middle term into f(∆ki) + g(∆mi), to see the effects of
changing ki and the effects of changing mi. We also denote the leftmost term as
edi = ei

iLdy
nexp
d , in order to make the following equation easier to read. Relying

on the results in equation (3.21) and (3.22), the decomposition of equation (4.26)
then becomes

(4.27) 100 · ∆ei
e0i

= 100 · ∆edi
e0i

+ 100 · f(∆ki)

e0i
+ 100 · g(∆mi)

e0i
+ 100 · ∆ediri

e0i
,

and the components f(∆ki) and g(∆mi) are

f(∆ki) =
1

2
(m0

i ∆ki + m1
i ∆ki) ,(4.28)

g(∆mi) =
1

2
(k0

i ∆mi + k1
i ∆mi) .(4.29)

To obtain a decomposition diagram of equation (4.27), the “deltas” are changed
consecutively from the base year up to the end year of the time series.

29Index tot and tilde stripped from ẽtoti for making it easier to read.
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4.4.4 IPAT and consumption–environmental impact rela-
tionships

IPAT diagrams and consumption–environmental impact diagrams are also gener-
ated in order to see if any decoupling or EKC patterns can be detected. For a
certain resource use or emission type i in ẽtot from equation (4.23), the IPAT is
formed as30

(4.30) 100 · e
t
i

e0i
= 100 · P

t

P 0
× 100 · (C/P )t

(C/P )0
× 100 · (ei/C)t

(ei/C)0
,

where t runs over all years studied, and 0 indicates base year, P is population, C
is final demand less exports in constant prices.31 Note that C is used, not ynexp

tot ,
since the latter is not in constant prices.

Consumption–environmental impact diagrams are generated by plotting ei against
final demand less exports per capita in constant prices. The Swedish values in
constant prices are converted to dollars using a fixed exchange rate from 2005.32

4.4.5 Product groups analysis

The effect of the final demand of specific product groups for certain sectors is
done by applying equation (4.23) and in ynexp

d and ynexp
tot cancel all elements out

except for the ones which product groups are to be analysed. The use of edir is
not relevant here, since edir doesn’t belong to any product group.

4.4.6 Analysis of final demand categories

The environmental pressure caused by various categories of final demand (i.e.
households, public sector, investments and exports), is obtained by applying equa-
tion (4.23), but using yd and ytot rather than ynexp

d and ynexp
tot . Furthermore, in

yd and ytot all columns are removed except for the column which final demand
category is to be analysed (thus yd and ytot are considered matrices with several
columns which represent the various categories of final demand – in all other cal-
culations, the final demand vector is considered to be the sum of all final demand
category columns). The use of edir is excluded in these calculations.

30Index tot and tilde stripped from ẽtoti for making it easier to read.
31Population data and consumption data in constant prices from Statistics Sweden, 2011e,

and Statistics Sweden, 2011f.
32World Bank, 2010.



Chapter 5

Results

In the previous chapter we went through the detailed methods used in this study.
In this chapter we will present the results generated by those methods. The results
are organized into the following sections:

� Time series of environmental impact in domestic, abroad, and direct use
components. Diagrams for all energy use and emission variables studied.

� Decomposition analysis for oil use, and for CO2, CH4 and SO2 emissions.

� IPAT-diagrams for fossil fuel use, and for CO2, CH4 and SO2 emissions.

� Diagrams for analysing consumption–environmental impact relationships
(decoupling and EKC patterns), for fossil fuel use, and for CO2, CH4 and
SO2 emissions.

� Product groups analysis for fossil fuels, and for CO2 equivalents. This means
analysing how the consumption of various product groups affect the envi-
ronment.

� Emissions of CO2 equivalents distributed over the categories of final demand.

In some instances above where analysis is not done on all environmental variables,
a more comprehensive results table is available in Appendix G. For all results, see
the accompanying Excel database (introduced in Appendix F).

Sources for production-based data in the diagrams, and indications whether these
include bunkers or not, are given in the figure captions. For sources and meth-
ods concerning consumption-based data in the diagrams, see Chapter 4. All
consumption-based data are based on environmental accounts data which include
the use of bunkers. All consumption-based results including resource use and emis-
sions abroad are based on the PPP assumption, if not otherwise indicated – see
Chapter 4.3.3 for details.
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5.1 Environmental impact from production in

Sweden and abroad, and from direct use

In Figure 5.1–5.3, the consumption-based environmental impact is presented for
all the environmental variables analysed in the study. The diagrams in these
figures correspond to equation (4.22) and (4.23) in Chapter 4.4.1. That is, total
consumption-based environmental impact is divided into domestic impact (due to
domestic final demand of domestic products), impact abroad (due to domestic final
demand of domestic and imported products), and impact in direct use (impact due
to e.g. heating of housing and transports by final consumers). Production-based
data are included in the diagrams as a comparison.

Data for total consumption-based impact, domestic impact, and impact abroad,
come in two time series revisions – 1993–2003 and 2000–2005 – and for that reason
these curves are shown doubled for the years 2000–2003.

For energy uses (Figure 5.1), direct use seems to be declining a little bit, while use
caused abroad is increasing slightly, resulting in a neither decreasing or increasing
trend in total consumption-based energy use.
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Figure 5.1. Consumption-based time series of oil use, coal use, gas use, and fossil fuel
use. Source: Production-based data from Statistics Sweden, 2011d (including bunkers).
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For the greenhouse gases (Figure 5.2), an increasing trend for the consumption-
based data is detectable, going contrary to the emissions from the production-
based UNFCCC data. This is most evident in the case of CH4, which probably is
explained by a strong increase in net imports of food and agricultural products.1

In the aggregate, emissions of CO2eq increased approximately 20 % in the period.

For SO2 and NOx (Figure 5.3), the emissions are declining in the first time series,
but in the second time series they come at a higher level, and are possibly on the
rise. The reason for this large discrepancy between the time series seems to be
due to a large reclassification in the new time series revision of exports of shipping
services (i.e. sea transports), with a decrease of about 20 %. Since exports and
all their indirect effects are deducted from the calculations, emissions caused by
domestic final demand will then increase, especially since the shipping industry is
very emissions intensive.2

For CO and NMVOC (Figure 5.3), emissions decline. At the same time, however,
the component of emissions abroad increase.
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Figure 5.2. Consumption-based time series of greenhouse gas emissions. Source:
Production-based data from Swedish EPA, 2011 (UNFCCC; excluding bunkers).

1Increased by more than 30 % in the period 2000–2005 – see Statistics Sweden and Swedish
Board of Agriculture, 2006.

2Confirmed by Statistics Sweden, 2011b. Also, the data in the new time series revision are
considered to have higher quality according to Statistics Sweden, 2011a.
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Table 5.1 shows data for fossil fuel use and CO2 equivalents, with consumption-
based data based on three different assumptions: the PPP assumption, the MER
assumption, and the assumption of Swedish intensities for production abroad (see
Chapter 4.3.3 for details about these assumptions). Using the assumption of
Swedish intensities yields similar values as the official production-based data. Us-
ing the MER assumption yields even higher values than the PPP assumption. The
intensity ratio refers to the ratio between world intensities and Swedish intensities.

The physical trade balances refer to the net exports of fuel use or emissions. A
positive value means that the energy use or emissions occurring on the Swedish
territory due to the consumption abroad of Swedish products, are higher than the
energy use or emissions occurring abroad due to Swedish final demand. Negative
values mean that the energy use or emissions occurring abroad due to our final
demand are higher than the energy use or emissions occurring in Sweden due to
our exports. The physical trade balances for fossil fuel use and CO2 equivalents
show negative values, and in particular for CO2 equivalents these negative values
are growing (i.e. growing even more negative).
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Figure 5.3. Consumption-based time series of SO2, NOx, CO and NMVOC emissions.
Source: Production-based data from Swedish EPA, 2011 (UNFCCC; excluding bunkers).
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Table 5.1. Consumption-based and production-based data, and physical trade balance, for fossil fuel use and CO2 equivalents. Cons.
(PPP) refers to the PPP assumption; analogous for the other similar row captions. Source: Production-based data from Statistics Sweden,
2011d (fossil fuel use, including bunkers) and from Swedish EPA, 2011 (UNFCCC; CO2eq emissions, excluding bunkers).

Variable \ Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2000 2001 2002 2003 2004 2005

Economy

Population (1000s) 8719 8781 8827 8841 8846 8851 8858 8872 8896 8925 8958 8872 8896 8925 8958 8994 9030

Dom. FD/cap ($/year) 28807 29675 30293 30603 31205 32683 33921 35281 35261 35705 36287 35281 35261 35705 36287 36916 37845

Fossil fuels (TWh/year)

Cons. (PPP) 212 219 216 221 209 212 207 206 200 203 205 210 206 209 213 222 219

Cons. (MER) 237 246 244 249 237 240 236 238 231 235 237 244 239 243 249 265 264

Cons. (swe. int.) 188 195 189 198 182 189 180 174 172 174 177 178 177 180 185 188 180

Int. ratio (PPP) 1.58 1.53 1.61 1.51 1.60 1.52 1.61 1.70 1.63 1.63 1.61 1.66 1.59 1.60 1.56 1.59 1.66

Phys. trade balance -7.78 -4.58 -4.54 4.15 2.65 4.39 -0.77 -4.76 2.37 0.47 6.44 -9.38 -3.93 -6.38 -2.52 -10.47 -13.82

Production-based 204 215 211 226 211 217 206 201 203 203 211 201 203 203 211 212 205

CO2eq (Mt/year)

Cons. (PPP) 103 105 105 103 100 106 106 106 105 108 108 107 107 110 111 122 123

Cons. (MER) 122 125 126 123 120 128 129 131 130 134 135 132 133 137 139 156 159

Cons. (swe. int.) 75 76 74 75 70 74 71 69 68 69 70 70 70 71 72 75 72

Int. ratio (PPP) 2.36 2.31 2.41 2.30 2.40 2.42 2.55 2.61 2.62 2.69 2.66 2.59 2.60 2.67 2.63 2.70 2.83

Phys. trade balance -27 -26 -26 -21 -21 -26 -29 -32 -30 -33 -31 -33 -32 -35 -34 -43 -47

Production-based 72 75 74 77 73 73 70 68 69 69 70 68 69 69 70 69 66
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5.2 Decomposition analysis

In order to determine the various components contributing to the change in en-
vironmental pressure, an additive index decomposition analysis has been under-
taken. In Figure 5.4, the results for the period 2000–2005, for oil use, and for
CO2, CH4 and SO2 emissions, are shown. The results for the other variables, and
for the period 1993–2003 are available in the accompanying Excel database – see
Appendix F.

The decomposition analysis involves the examination of how much the various
components analysed contribute to the total percentage change in energy use or
emissions in the period. Here, the components in the diagrams are domestic energy
use or emissions caused by Swedish final demand for domestic products, energy use
or emissions abroad if Swedish intensities applied, intensity ratio between world
intensity and Swedish intensity, and energy use or emissions in direct use.

The decomposition of environmental pressure abroad into an intensity ratio com-
ponent (i.e. ratio between world and Swedish intensity) and a “neutral” abroad
component, entails the possibility to analyse how much the change in pressure
abroad is caused by changing world intensities in relation to Swedish intensities,
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Figure 5.4. Decomposition analysis of change in oil use, and in CO2, CH4 and SO2

emissions, in the period 2000–2005.
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or by changing impact abroad due to Swedish final demand when Swedish inten-
sities apply. See Chapter 4.4.3 for details regarding the calculations used in this
decomposition analysis.

As have been noted earlier, the decline in direct use for oil use is counteracted by
the energy use or emissions caused by our demand for foreign produced products
and their inputs through the supply chain abroad. For CO2 most of the change
comes from higher levels of emissions from products produced abroad, and to some
extent, worsened emission intensities of the world relative the intensities of Sweden.
The same applies to CH4 in an even higher degree. For SO2 total emissions rise,
even though the component of intensity ratio between the world intensity and the
intensity of Sweden declines.

5.3 IPAT diagrams

In Figure 5.5, IPAT diagrams for fossil fuel use, and CO2, CH4 and SO2 emissions
are presented for the period 2000–2005. For reasons easy to understand in the
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Figure 5.5. Consumption-based IPAT diagrams for fossil fuel use, and for CO2, CH4

and SO2 emissions in the period 2000–2005. Source: Production-based data from Statis-
tics Sweden, 2011d (fossil fuel use, including bunkers) and from Swedish EPA, 2011
(UNFCCC; CO2, CH4 and SO2 emissions, excluding bunkers).
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case of Sweden, the population factor does not contribute in a crucial way. The
affluence factor – consumption per capita, or more correctly, Swedish final demand
per capita – contributes in a more evident way. The technology factor – i.e. the
intensity – contributes more or less for the emissions shown in the figure, but for
fossil fule use, this factor counteracts the other in some extent.

Results for the other environmental variables and for the period 1993–2003, are
available in the accompanying Excel database – see Appendix F.

5.4 Consumption–environmental impact diagrams

concerning decoupling and EKC patterns

In Figure 5.6, consumption-based environmental impact against Swedish final de-
mand regarding fossil fuel use, and CO2, CH4 and SO2 emissions are shown. Dur-
ing the period from 1993–2005, Swedish final demand grew from approximately
28 000 constant US dollars, to 38 000 constant US dollars. At the same time,
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Figure 5.6. Consumption-based environmental impact versus domestic final demand
for fossil fuel use, and for CO2, CH4 and SO2 emissions. Source: Production-based data
from Statistics Sweden, 2011d (fossil fuel use, including bunkers) and from Swedish EPA,
2011 (UNFCCC; CO2, CH4 and SO2 emissions, excluding bunkers).
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fossil fuel use remained at approximately the same level. However, CO2 emis-
sions and especially CH4 emissions rose with rising domestic final demand. That
suggests that when looking from a consumption perspective, there is no EKC pat-
tern for these emissions and decoupling has not occurred – contrary to what the
production-based data indicate. Moreover, these emissions are much higher than
their production-based analogs.

Regarding SO2 emissions, they decline in the first time series and accordingly have
decoupled there, but the opposite applies to the second time series (see Chapter
5.1 for an explanation of this). Both time series though, show a higher level than
the official production-based data.

The doubling of the consumption-based curves, is due to the fact that the two time
series revisions of the Swedish national accounts were used, resulting in duplicate
values for the period 2000–2003.

The other environmental variables are available in the accompanying Excel database
– see Appendix F.

5.5 Environmental impact per product group

In Figure 5.7, the fossil fuel use and the emissions of CO2 equivalents due to
the consumption of goods or the consumption of services less transports,3 are
shown for the period 2000–2005 and compared to the production-based data for
these product groups. In Table 5.2, a more comprehensive list of product groups
are shown, and their consumption-based and production-based emissions of CO2

equivalents respectively. In the accompanying Excel database, results for the other
environmental variables are available – see Appendix F.
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Figure 5.7. Fossil fuel use and emissions of CO2 equivalents in 2000–2005, for goods
and for services less transports in the production-based case and in the consumption-
based case. Source: Production-based data Statistics Sweden, 2011d (incl. bunkers).

3Transports have been deducted from services in order to include only low environmental
impact activities, which is what is normally associated with services.
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Table 5.2. Consumption-based and production-based emissions of CO2 equivalents, per various product groups.
Source: Production-based data from Statistics Sweden, 2011d (including bunkers).

Product group \ Year 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2000 2001 2002 2003 2004 2005

CO2eq (Mt/year), consumption-based

Goods 52.85 54.13 54.34 52.64 49.90 56.09 55.53 56.17 56.17 59.02 59.99 55.17 55.82 59.06 60.16 66.78 67.57

Services 30.96 31.94 31.44 31.61 31.87 32.61 33.04 33.15 33.09 33.16 32.92 35.14 35.49 35.31 35.79 40.00 41.07

Services, excl. transp. 27.03 27.69 27.23 27.35 27.38 28.07 28.14 28.25 27.86 28.13 28.08 29.04 29.15 29.21 29.50 32.10 33.47

Food 18.03 18.59 17.46 17.05 16.75 18.07 17.65 17.07 16.29 16.43 16.36 15.42 14.81 15.28 15.38 18.69 19.32

Steal and metal -0.20 0.05 0.17 -0.21 0.17 -0.15 -0.12 0.29 -0.06 0.11 -0.17 0.27 -0.30 0.10 -0.18 -1.14 -0.22

Energy 5.68 6.00 5.55 7.19 5.62 5.99 5.20 4.12 4.99 5.58 6.36 3.99 4.86 5.48 6.25 5.96 4.83

Transports 3.93 4.25 4.20 4.26 4.49 4.54 4.90 4.91 5.24 5.03 4.85 6.10 6.33 6.11 6.29 7.89 7.60

Education, healthcare 5.99 6.06 5.87 5.67 5.49 5.78 5.59 5.44 5.72 6.10 6.10 5.52 6.17 6.24 6.24 6.73 6.74

Culture, sports 1.06 1.12 1.12 1.16 1.11 1.15 1.15 1.11 1.06 1.07 1.06 1.27 1.24 1.27 1.32 1.47 1.55

CO2eq (Mt/year), production-based

Goods 42.04 44.29 43.69 47.68 43.42 44.32 41.13 40.10 41.68 42.67 43.74 40.10 41.68 42.67 43.74 43.58 42.08

Services 14.91 15.94 15.69 15.85 16.89 17.99 18.14 17.71 17.62 16.74 18.34 17.71 17.62 16.74 18.34 19.79 20.03

Services, excl. transp. 6.25 6.25 6.04 6.11 6.10 6.09 6.08 5.97 6.14 5.96 6.02 5.97 6.14 5.96 6.02 6.10 6.05

Food 1.05 1.08 1.09 1.11 1.13 1.13 1.11 0.98 0.87 0.92 1.02 0.98 0.87 0.92 1.02 0.83 0.75

Steal and metal 5.11 5.51 5.87 5.71 5.72 5.69 5.91 6.14 6.18 6.34 6.16 6.14 6.18 6.34 6.16 6.42 6.12

Energy 10.02 10.67 9.76 13.18 10.02 10.67 8.75 6.83 7.98 9.04 10.54 6.83 7.98 9.04 10.54 10.28 8.97

Transports 8.67 9.69 9.65 9.75 10.79 11.90 12.06 11.74 11.49 10.78 12.32 11.74 11.49 10.78 12.32 13.70 13.98

Education, healthcare 0.13 0.14 0.13 0.13 0.13 0.14 0.14 0.15 0.16 0.15 0.15 0.15 0.16 0.15 0.15 0.15 0.14

Culture, sports 0.06 0.06 0.06 0.06 0.06 0.07 0.07 0.07 0.08 0.09 0.09 0.07 0.08 0.09 0.09 0.09 0.10
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It can be noted that the consumption-based emissions for various services are at a
much higher level than their corresponding production-based counterparts, which
shows that services, indirectly through the supply chain, depend on more resource
and emissions intensive sectors.

5.6 Environmental impact per final demand cat-

egory

Figure 5.8 shows consumption-based emissions of CO2 equivalents per final de-
mand category in 1993–2005. For e.g. households, all emissions occurring in Swe-
den and abroad due to the Swedish households’ consumption are included. Note
though that emissions due to direct use are not included – these data only refer to
the emissions caused upstream through the supply chain by the purchases these
final demand categories make. The doubling of the curves in 2000–2003 is due to
the use of the two time series revisions from the Swedish national accounts.

The public sector and the investments sector show almost no variation in the
period. The households sector however, show a quite strong increase from approx-
imately 55 Mt CO2eq per year in the beginning of the period to almost 75 Mt
CO2eq per year in the end of the period.

Exports, which are deducted from the other calculations in this study, are here
included as one of the final demand categories to show its rising environmental
impact – the emissions almost double in the period, from approximately 50 Mt
CO2eq per year to almost 95 Mt CO2eq per year. Note though that these emis-
sions include also emissions abroad due to the inputs from abroad required by the
Swedish exports industry.

Results for the other environmental variables are available in the accompanying
Excel database – see Appendix F.
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Figure 5.8. Consumption-based emissions of CO2 equivalents in 1993–2005, distributed
over the various categories of final demand.
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Discussion and conclusions

The purpose of this study has been to contribute to the understanding of whether
economic growth is the main cause to the world’s environmental problems. In
a world where we have already passed many of the ecological limits, and where
resource depletion and climate change are some of the biggest challenges facing
humankind,1 many are of the opinion that it is not possible to grow our economies
for ever. Others say that growing the economy is a prerequisite for being able to
develop new technologies which will solve the environmental problems. Referring
to the IPAT equation, this means to increase the A factor in order to decrease the
T factor even more, so that the A factor – and obviously the P factor as well –
doesn’t eat up the gains done by the T factor. In plain language, efficiency gains
need to be bigger than increases in scale.

When analysing whether it is possible to grow a particular country’s economy
and at the same time decrease its environmental impact – which is also what
the environmental Kuznets curve (EKC) hypothesis suggests – we have to get
an accurate description of what environmental impact the economy really causes.
That is, we have to consider not only the domestic environmental impact but also
the worldwide environmental impact caused by the consumption in the economy.
Considering only the domestic environmental impact – as is normally done in EKC
studies – is simply not telling the whole picture. That is the reason why EKC
studies and studies measuring individual countries’ environmental performance
need analyse the impact from a consumption perspective which includes the impact
caused abroad.2

In order to get an indication whether or not economic growth and increased con-
sumption is compatible with decreasing environmental impact, we have in this
study analysed the worldwide, consumption-based environmental impact caused
by the Swedish domestic final demand. This has been done by estimating the
consumption-based development of twelve environmental variables for the period
1993–2005, using environmental input–output analysis.

1See Rockström et al., 2009, for a recent overview of the environmental state of the world.
2E.g. Carson, 2010, Rothman, 1998, and Arrow et al., 1995.
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6.1 Summary of main results and outcomes

Below follows an overview of the main results obtained from the analysis. Included
in this overview are also methodological attainments and other outcomes that
this study has produced. After that, in the next sections, follows a discussion
regarding the reliability of these results, and the results in comparison to other
studies. Conclusions and suggestions for further research end the chapter.

� Methodological results:

– The wider conclusion that environmental impact be analysed from a
consumption perspective to supplement the production-based data pri-
marily published today. This has important policy implications, e.g. in
climate change negotiations.

– The development of a new method for updating input–output tables
which utilizes the shares of domestic production and imports from the
official tables, and calibrates against known yearly domestic production
and imports totals (see Chapter 4.2.2).

– The deployment of a single-regional input–output model augmented
with world average intensities (see Chapter 4.3.3).

– An index decomposition analysis which separates the change in impact
into components describing changes in domestic production, changes in
production abroad as if produced with Swedish intensities, changes in
the ratio of world intensity to Swedish intensity, and changes in direct
use (see Chapter 4.4.3).

– Analysis of the rationale behind using market exchange rates (MER)
or purchasing power parity (PPP) exchange rates, suggesting the latter
due to that measure taking into account the exported products’ share
of the exporting country’s total output in a more relevant way (see
Chapter 4.3.3).

� Results and features regarding data:

– The utilizing of recently (2010–2011) published environmental data
from the Swedish environmental accounts, IEA and the international
EDGAR database of global emissions.

– The construction of an Excel database with Swedish consumption-based
data for the period 1993–2005, showing results for all analysed environ-
mental variables on all aspects that was presented in Chapter 5 (for
some aspects presented there, only a selection of the environmental
variables was shown). See Appendix F.
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� Empirical results:

– Consumption-based emissions of CO2 equivalents increase approximate-
ly 20 % between 1993 and 2005, mainly driven by an increase in CH4

emissions. This should be compared to a decrease in the official pro-
duction-based UNFCCC data. That means CO2 equivalents and all
greenhouse gases exhibits no EKC patterns and has not yet decoupled
from growth in domestic final demand.

– In general, the increase in emissions is caused by increased demand for
imported products which yields increasing emissions abroad.

– The levels of all emissions are considerably higher in the consumption-
based case compared to the production-based case.

– Total fossil fuel use show no considerable difference to production-based
data, whether in level or in trends (though consumption-based coal
use and gas use lie at higher levels). CO and NMVOC emissions are
decreasing as in the production-based data, but from higher levels.

– Impact from the consumption of services are in some instances ten times
higher than the corresponding production-based impact.

– Impact from final demand categories (excluding direct use) are for both
energy resource uses and emissions in general increasing. This holds es-
pecially for the exports category, whose worldwide impact in the case of
CO2 equivalents has doubled in the whole period studied. The exports
dependence on fossil fuel use has also increased dramatically, approx-
imately 80 % in the period studied (see details in the accompanying
Excel database introduced in Appendix F).

� Further research:

– Identification of a number of aspects and extensions to this study that
need further research (see Chapter 6.5).
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6.2 Uncertainties

The main uncertainties arise in the calculations of the resource uses and emissions
generated abroad. To begin with, this impact is based on the use of Swedish
input–output tables as a proxy for the industry structure of the rest of the world,
where MRIO tables would be preferred. Building time series using SRIO tables
was still preferred as a first step in this research, and also since time series using
MRIO modelling has other limitations (see next section about comparisons to
other studies). Also, in one study where different methods were compared, it was
concluded that it is more important to obtain correct emission intensities than
correct input–output coefficients for the Swedish import countries.3 However,
future research should follow building time series using MRIO modelling.

Next in the uncertainties of impact abroad are the world average intensities. On
one hand they may be too high since, e.g. in the case of CO2, the Swedish im-
port countries have a somewhat lower intensity than the world average intensity
(though imports to importing countries are then excluded) – approximately 20 %
lower.4 On the other hand, the PPP approach used implies a conservative esti-
mate compared to the MER approach which is normally used in trade oriented
environmental IOA studies (the MER approach yields approximately 20 % higher
values).5 Note though, since Swedish emissions occurring on the domestic territory
are added to the total figure, this uncertainty will become only about 10 %.

Other uncertainties include the allocation of bunkers between Swedish users and
ROW users (see Chapter 4.3.1), and the general problem of aggregation errors
which occur in all IO models. Moreover, the required production to meet our
final demand may be somewhat overestimated due to including investments in the
exports industry6 and due to feedback effects.7 Uncertainties arise also in the IOT
updating procedure for years missing official IOTs, but, accordingly, the years
1995, 2000 and 2005 have in this sense no uncertainties.

When it comes to the linearity assumption in IO models – i.e. the assumption
that economies of scale are not considered and increased final demand use the
same input structure – it is regarded as not being a relevant issue of concern in
this study. This study can be considered an accounting study only, i.e. we are not
projecting the emissions occurring if final demand would change, but we allocate
linearly the historical emissions that actually occurred over various final demand
categories and over final demand for various product groups. For instance, this
is evident in the case of exports whose direct and indirect effects are deducted
linearly. To deduct the exports from a hypothetical industry structure which only
would serve the exports is irrelevant, since such an industry structure is not the
structure that we in fact had.

3Carlsson-Kanyama et al., 2007.
4Based on Statistics Sweden, 2011g, and World Bank, 2010.
5See Chapter 4.3.3 for details about the methods and assumptions in the calculations of the

world average intensities, and why the PPP approach was preferred.
6See Chapter 3.3.6 for a discussion of investments in IO models.
7See Chapter 3.3.1 and 4.2.3.
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6.3 Comparison to other IOA and EKC studies

This study is the first study building a complete time series (1993–2005) of consec-
utive IOAs regarding Swedish consumption-based emissions of CO2 equivalents.8

The most similar study to this regarding Swedish emissions of CO2 equivalents,
is a study by Peters and Solli from 2010 which compares emissions in 2001 with
emissions in 2004 using MRIO modelling.9 Their results lie in the same region
as in this present study (approximately between 100–120 Mt CO2eq/year). The
strengths in their study is that it uses MRIO modelling with more detailed res-
olution of emission intensities for the import countries. A weakness is that only
two years are analysed, which makes trend estimations uncertain. In that sense,
this present study is more robust as it has built a longer time series. It is also
robust in the sense that it uses fairly consistent IOTs and environmental data from
one single source (Statistics Sweden), whereas MRIO modelling is based on IOTs
with varying degree of aggregation and coming from different years for the various
countries included in the MRIO table.10

In the EKC studies by Kander and Lindmark,11 a SRIO model is used in con-
structing an IOA-based 80-year-long time series of CO2 emissions, which exhibits
a typical EKC pattern. However, in their studies, Swedish emission intensities are
applied for the production occurring abroad, yielding too low values since Swedish
import countries have considerably higher emission intensities than Sweden it-
self has.12 If superposing the values from the time series of consumption-based
emissions of CO2 from this present study upon their EKC-shaped data, the CO2

emissions will lie approximately at the peak of their EKC, and possibly be on the
rise as well. This doesn’t imply in itself that the consumption-based emissions
of CO2 are higher now than ever though. But it seems likely, since their EKC is
probably more correct in earlier years when the difference between the Swedish
energy system and the energy system abroad probably wasn’t so big with regards
to emission intensities (before the Swedish nuclear power plants were built).

The same conclusions regarding non-existent EKC patterns in IOA-based time
series of SO2 emissions seem not be possible to draw with the results from this
study. Even though SO2 emissions in the second time series seem to be rising at a
level of approximately 250 000 tonnes per year, the peak in production-based data
occurred in the end of the 1960s at a level of 960 000 tonnes per year.13 Thus,
it is unreasonable to believe that consumption-based data in that time was lower
than 250 000 tonnes per year.

8And some other variables. However, IOA-based time series of only CO2 have been analysed
before in Lindmark, 2001, and Kander and Lindmark, 2006, and in Statistics Sweden, 2003,
Statistics Sweden, 2011h, and Peters et al., 2011.

9Peters and Solli, 2010.
10See e.g. GTAP, 2011.
11Lindmark, 2001, and Kander and Lindmark, 2006.
12Statistics Sweden, 2011g, and World Bank, 2010.
13Johansson and Kriström, 2007.
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6.4 Conclusions

Reliability of results

Even though more detailed analyses are needed to get more robust results (see
further research in Chapter 6.5), the results seem to correlate quite well with
results from similar studies – at least in the case of CO2 equivalents. The results
could be a little bit high due to the world average intensities, but this is on the
other hand compensated by conservative estimates due to the PPP approach. An
advantage is also that the time series is built on consistent IOTs and environmental
data from one single source (Statistics Sweden). All in all, this means the results
from this study can be considered fairly reliable.

No decoupling and no EKC pattern in Swedish consumption-based
greenhouse gas emissions

As regards the EKC hypothesis, many earlier studies have shown that even though
local environmental indicators often exhibit EKC shapes, this is not the case for
global indicators like CO2 emissions.14 Official Swedish data have suggested Swe-
den is an exception in this matter, and many others have pointed out Sweden as a
country that has been able to decouple economic growth from increasing emissions
of CO2 and other greenhouse gases.15 However, this present study suggests that
even in the case of Sweden, greenhouse gases increase and a decoupling has not
occurred when considering the emissions caused worldwide by our consumption.

What has triggered the increase in greenhouse gases?

Has the growth in GDP or in domestic final demand even been the main cause
for the increasing emissions of greenhouse gases? The study suggests that it is
indeed the increase in our final demand that has triggered these emissions to in-
crease. This is pointed out by the decomposition analysis, which suggests that our
increased demand for imported products has driven the increase in emissions.16

This can be explained by, although we have a positive and increasing trade bal-
ance, the imported products have higher emission intensities than the products
we produce for exports. Accordingly, the increase in our consumption has been
possible at the expense of increased emissions abroad.17 This has important im-
plications for climate change negotiations where emission reductions need to be

14See e.g. Galeotti, 2003, and Carson, 2010.
15E.g. OECD, 2011, NIER, 2011.
16Even though bunkers make the levels higher than in official UNFCCC data, they seem not

to have contributed to the increase in a significant way.
17This is also the conclusion in Peters et al., 2011, but there with regard to increased con-

sumption in the developed world at the expense of higher emissions in the developing world –
referred to as “weak carbon leakage”.
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the obligation of those countries who through their consumption and way of living
are responsible for the emissions to occur.

On the other hand, if the world would have the same development of greenhouse
gases as the official Swedish production-based data, then we would have decreas-
ing emissions at the same time as final demand was increasing. But the world is
still not there, which may imply that increasing Swedish final demand as a ne-
cessity means increased emissions worldwide (if we were not to cut down heavily
on imports). It could well be that the development of world emissions of CO2

equivalents do have an EKC-shape, but that we are still too far left on this EKC
that it would be disastrous for us to wait until we have passed its peak.

Thus, Sweden has done a fairly good job in taking its responsibility to reduce its
territorial production-based emissions of greenhouse gases. But – as this study
suggests – we are still responsible for increasingly contributing to higher concen-
trations of greenhouse gases in the atmosphere through our consumption and way
of living.

Is growth the ultimate environmental problem?

What can this study tell us about growth in general as being either the ultimate
environmental problem causing all the other environmental problems to occur, or
as being a necessity in order to find solutions to decrease environmental impact?
We have found that for some resource uses and emissions decoupling has indeed
occurred and for some others decoupling has not occurred. More environmental
variables like material use and waste flows need be considered to get a more com-
prehensive picture, and to be able to find out with more certainty whether growth
is desirable or not.18 In the case of greenhouse gases, this study has showed that
the arguments in favor of growth in consumption have not been convincing so far.

From problem formulations to solutions

To conclude, this study belongs to the problem formulation side of the environmen-
tal problems–solutions dichotomy. Its aim has been to contribute to an accurate
description of our environmental problems and their causes, in order to better
know where to look for solutions to these problems. Accordingly, although more
research is needed to get more certain results here, what is even more important to
follow hereafter is research focusing on the solution side. An overview of both these
kinds of further research is presented in the following section. See also Chapter
2.3.2 for an overview of proposed solutions.

18However, production-based data of waste flows in Sweden show a steady increase – see e.g.
Sjöström and Östblom, 2010. See Krausmann et al., 2009 for a global outlook on material use.
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6.5 Further research

Further research to improve and extend the model used in this study is needed.
Also the objects of study could be extended in several ways, and even solutions
need be pursued. Some of the most important points include:

� Methodological improvements and extensions:

– Construct time series based on trade data and intensities of Swedish
trading partners, as a comparison to the world average intensities ap-
proach.

– More in-depth analysis of the various factors affecting the energy uses
and emissions caused, such as the causes behind the increased CH4 and
SO2 emissions. More detailed analysis of the contribution from bunkers.

– Include land use, land-use change and forestry (LULUCF) data.

– Perform a structural decomposition analysis based on IO-tables in con-
stant prices.

– Improve the IOT updating method with RAS techniques.

– Construct time series based on MRIO modelling.

– Include the use of investments in the intermediate matrix in dynamic
IO-modelling.

– Cross-sectional analysis of environmental impact over increasing income
groups.

� Extensions of system boundaries and objects of study:

– Extensions of objects of study: Total energy use (including electricity),
exergy and emergy use, virtual water, ecological footprint, pressure
on biological stocks and ecosystem services (e.g. our contribution to
overfishing), material use and waste flows, water pollution, emissions of
persistent organic pollutants.

– Temporal extensions: The extension of the time series backwards and
forwards in time.

– Geographical extensions: The study of other countries as well, and
ultimately the whole world.

� Solutions:

– Explore and analyse solutions to the environmental problems identified
in the research presented in this report and in the above suggested fur-
ther research. See Chapter 2.3.2 for an overview of proposed solutions.



Recommended readings

Some of the references that have been of particular importance for this study
are presented below for those who want to read more. Full references of these
recommendations are given in the reference list in the following chapter.

A systems theory approach for analysing environmental problems at various system
levels is presented in the must-read paper Leverage Points: Places to Intervene
in a System by Donella H. Meadows, 1999. A good textbook introducing the
field of industrial ecology is Industrial Ecology and Sustainability Engineering by
Thomas E. Graedel and Braden R. Allenby, 2010. The field of ecological economics
is inspiredly introduced in Ecological Economics. Principles and Applications by
Herman E. Daly and Joshua Farley, 2004.

A recent contribution to the growth debate is Prosperity without Growth. Eco-
nomics for a Finite Planet by Tim Jackson, 2009, which also presents several
important concepts in the field, including decoupling and the IPAT equation. The
rebound effect is discussed in Energy Efficiency and Sustainable Consumption.
The Rebound Effect edited by Horace Herring and Steve Sorrell, 2009. An im-
portant Swedish study analysing economic growth is the dissertation Economic
growth, energy consumption and CO2 emissions in Sweden 1800–2000 by Astrid
Kander, 2002. Another important Swedish dissertation in this field is Growth
versus the Environment – Is There a Trade-off? by Per K̊ageson, 1997.

Input–output analysis is very well covered in Ronald E. Miller and Peter D.
Blair’s classical textbook Input–Output Analysis. Foundations and Extensions
from 1985, now in an extended second edition from 2009. For environmental input–
output analysis, a good introduction is Environmental Life Cycle Assessment of
Goods and Services. An Input–Output Approach by Chris T. Hendrickson et al.,
2006. Various interesting environmental applications are also given in Handbook
of Input–Output Economics in Industrial Ecology edited by Sangwon Suh, 2009.

Solutions within the frame of conventional economic theory are given in the opti-
mistic Factor Five. Transforming the Global Economy through 80% Improvements
in Resource Productivity by Ernst von Weizsäcker et al., 2009. Non-mainstream
solutions are given in The Performance Economy by Walter R. Stahel, 2010, who
proposes an economy based on the sales of functions instead of the sales of prod-
ucts. In Managing Without Growth. Slower by Design, Not Disaster by Peter A.
Victor, 2008, a non-growth-based model of an economy is presented.
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sions of international freight transport and offshoring: measurement and alloca-
tion. Ecological Economics, 69 (8), 1682–1694.
http://dx.doi.org/10.1016/j.ecolecon.2010.03.019

Campbell, N.A., 1996. Biology. 4th ed. The Benjamin/Cummings Publishing
Company, Inc., Menlo Park, California.

Carlsson-Kanyama, A., Assefa, G., Peters, G. and Wadeskog, A., 2007. Koldiox-
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Hume, D., 1739. A treatise of human nature: being an attempt to introduce the ex-
perimental method of reasoning into moral subjects. Vol. I. Of the understanding.
London.

International Energy Agency (IEA), 2010. World energy balances. IEA World
Energy Statistics and Balances (database). Retrieved 2011-04-14.
http://dx.doi.org/10.1787/data-00512-en

International Input–Output Association (IIOA), 2011. Retrieved 2011-05-09.
http://www.iioa.org

ITPS (Swedish Institute For Growth Policy Studies), 2008. Konsten att n̊a b̊ade
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Statistics Sweden, 2010. Nationalräkenskaper 1993–2007. Statistiska medde-
landen, Nr 10, SM 1001.
http://www.scb.se/statistik/NR/NR0102/2007A01/

NR0102_2007A01_SM_NR10SM1001.pdf

http://www.scb.se/statistik/MI/MI1202/2000I02/MI71%C3%96P0005.pdf
http://www.scb.se/statistik/MI/MI1202/2000I02/MI71OP0203.pdf
http://www.scb.se/statistik/MI/MI1202/2000I02/MI71OP0202.pdf
http://www.scb.se/statistik/MI/MI1202/1993I99/MI1202_1993I99_BR_MIFT0407.pdf
http://www.scb.se/statistik/MI/MI1202/1993I99/MI1202_1993I99_BR_MIFT0407.pdf
http://www.scb.se/statistik/_publikationer/MI1202_2004A01_BR_MIFT0409.pdf
http://www.scb.se/statistik/_publikationer/MI1301_2005A01_BR_MIFT0502.pdf
http://www.scb.se/statistik/NR/NR0101/2007a03a/S%20&%20U%20tab%201995-2003%20(NR0101%2029-11-07).xls
http://www.scb.se/statistik/NR/NR0101/2007a03a/S%20&%20U%20tab%201995-2003%20(NR0101%2029-11-07).xls
http://www.scb.se/statistik/NR/NR0101/2007a03a/I-O%20tab%201995%20&%202000%20(NR0101%2029-11-07).xls
http://www.scb.se/statistik/NR/NR0101/2007a03a/I-O%20tab%201995%20&%202000%20(NR0101%2029-11-07).xls
http://www.scb.se/statistik/NR/NR0102/2008A06A/Input-output%202000%20and%202005_2008.xls
http://www.scb.se/statistik/NR/NR0102/2008A06A/Input-output%202000%20and%202005_2008.xls
http://www.scb.se/Statistik/NR/NR0102/2006A01a/SUT00-06_CUP.xls
http://www.scb.se/statistik/NR/NR0102/2007A01/NR0102_2007A01_SM_NR10SM1001.pdf
http://www.scb.se/statistik/NR/NR0102/2007A01/NR0102_2007A01_SM_NR10SM1001.pdf


References 85

Statistics Sweden, 2011a. Personal communication with Ann-Marie Br̊athén, Na-
tional accounts.

Statistics Sweden, 2011b. Personal communication with Anders Wadeskog, Envi-
ronmental accounts.

Statistics Sweden, 2011c. Supply and use tables for 1993–1994. Retrieved from
Ida Björk, National accounts, 2011-04-08.
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konsumtion och global miljöp̊averkan. de Facto 2010.
http://www.naturvardsverket.se/Documents/publikationer/

978-91-620-1280-9.pdf

Swedish Environmental Protection Agency (EPA), 2010b. Den svenska konsum-
tionens globala miljöp̊averkan.
http://www.naturvardsverket.se/Documents/publikationer/

978-91-620-1284-7.pdf

Swedish Environmental Protection Agency (EPA), 2011. Sveriges rapportering till
FN:s klimatkonvention och EU. Updated 2011-03-15. Retrieved 2011-04-12.
http://www.naturvardsverket.se/sv/Start/Statistik/Vaxthusgaser/

Sveriges-rapportering-till-FNs-klimatkonvention-och-EU

Swedish Environmental Protection Agency (EPA) and Statistics Sweden, 2008.
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Glossary and abbreviations

Aggregate E.g. when two different emissions are put together, considered as one
homogeneous group of emissions. Implies loss of information.

Basic prices Prices not including taxes less subsidies. It is the money the pro-
ducer gets after the state has taken their part which was included in the
market prices.

Bunkers Fuels or the emissions from these fuels used in international transporta-
tion (maritime or aviation).

Carbon leakage Emissions of greenhouse gases outside the domestic territory
due to regulations or increased consumption inside the domestic territory.

CH4 Methane, a greenhouse gas 21 times more powerful than CO2. Emitted from
e.g. the livestock industry.

CO Carbon monoxide, a toxic gas resulting from combustion of carbon in oxygen-
deficient environments, e.g. in vehicles.

CO2 Carbon dioxide, the most common greenhouse gas, emitted from the burning
of fossil fuels in energy production and transportation, and in the cement
industry. Sweden emit approximately 60 million tonnes per year, globally
approximately 30 billion tonnes per year.

CO2eq CO2 equivalents, the amount of greenhouse gas emissions taking into ac-
count that other greenhouse gases besides CO2 has a higher global warming
potential than CO2 itself. E.g. one tonne of methane becomes 21 tonnes of
CO2eq, and one tonne of N2O becomes 310 tonnes of CO2eq.

Consumption-based, consumption perspective Calculations of energy use
or emissions occurring through the whole supply chain, as a consequence of
the final consumption of a product. Compare production-based, production
perspective.

Constant prices Prices stripped from changes caused by inflation, only reflecting
real volume changes. Used when comparing economic values between years,
e.g. the development of GDP.

Current prices Prices including inflation.

Direct use, environmental direct use The energy use or the emissions occur-
ring in the usage phase of a product, e.g. petrol for the usage of a car or
heating of housing.

Depreciation The wearing out of capital, value reduction of capital .
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Domestic final demand That part of the final demand that represents what
the domestic users purchase, i.e. the final demand less exports. Compare
Final demand of domestic products.

Downstream In this study, the usage phase and the disposal phase of a product.
Or anything happening later on from a certain point in the supply chain.

Ecological footprint A measure of the area needed to take care of all the envi-
ronmental impact a product or an individual causes.

EKC Environmental Kuznets curve.

Environmental input–output analysis The usage of input–output analysis com-
bined with intensities of environmental flows per monetary value, to estimate
the environmental impact throughout the whole supply chain.

Environmental Kuznets curve A hypothesis saying that environmental degra-
dation as a function of economic level, will take an inverted U-shaped form.

FD Final demand.

Feedback effect Imports to a country that have been exported from the same
country in an earlier stage of the supply chain.

Final consumption The same as final demand.

Final demand Purchases done by private and public consumers, purchases done
for investments, and exports (purchases done by the rest of the world). Also
denoted as final consumption, or final use. It is final in the sense that it is
not used for further production. Compare Intermediate use.

Final demand of domestic products Purchases done by the consumer, invest-
ment and exports categories, of products produced domestically, thus not
including imports. Compare Domestic final demand.

Final demand of imports Purchases done by the consumer, investment and
the exports category, of products produced abroad.

Final use The same as final demand.

GDP Gross domestic product.

Gross domestic product The sum of all industries’ value added in a country.
Also the sum of consumption, investments and net exports (exports less
imports). It is gross in the meaning that also the depreciation part of the
investments is included.

Gross output The output or production value from an industry, including all
inputs of other products. It is gross in the meaning that both the value of
the production that the industry has performed (the value added), and the
production other industries has performed for the first industry’s input, are
counted. Not the same as gross in Gross domestic product.
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Input Some kind of resource, often a product, needed in the production of prod-
ucts. Mostly measured in monetary values (exception: physical IO-tables).

Input–output analysis An economic method used to analyse the production
needed throughout the whole supply chain in order to satisfy a certain kind
of final demand.

Input–output table A table showing the input of products needed per user
categories, i.e. intermediate users (products’ use of products) and final users.
The input–output table is a converted use table. It differs from the use
table in that the intermediate users are products (imaginary homogeneous
industries producing only one product) instead of industries.

Intensities The amount of resources needed or emissions generated per dollar’s
worth of products. Intensities link economic flows with physical flows, so
that physical flows can be estimated with the use of economical data in
combination with intensities, i.e. by multiplying the latter two.

Intermediate matrix The product x product table in the input–output table or
the product x industry table in the use table (there normally called the use
matrix). The intermediate matrix describes the intermediate use of products
in contrast to the final use of products.

Intermediate use Purchases done by industries and used as inputs in produc-
tion. Also denoted as intermediate demand or intermediate consumption.
Compare Final demand.

IO Input–output. E.g. IO-model, IO-table.

IOA Input–output analysis.

IOT Input–output table.

kt Kiloton, thousand tonnes.

LCA Life cycle assessment.

Leontief inverse A matrix describing the total amount of various products (along
a column) needed throughout the whole supply chain to satisfy the final con-
sumption of some set of products (each column representing some kind of
final consumed product each). In this report denoted with L = (I −A)−1.

Make matrix The product x industry matrix in the supply table.

Market prices Basic prices plus taxes less subsidies.

Matrix of technical coefficients The matrix describing the value of inputs
needed in the production of products, per dollar’s worth of total inputs.
In this report denoted with A.
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MER Market exchange rates. The exchange rates normally used when different
currencies are exchanged for each other.

MRIO Multi-regional input–output. MRIO models include IOTs from various
regions or countries.

Mt Megaton, million tonnes.

N2O Nitrous oxide. A greenhouse gas 310 times more powerful than CO2. Emit-
ted e.g. in agriculture and in industrial processes.

NDP Net domestic product.

Net domestic product The sum of consumption, net investments and net ex-
ports (exports less imports). Net investments are investments less depre-
ciation, i.e. the part of investments which increase the capital stock (see
Figure 2.6).

NMVOC Non-methane volatile organic compound, a group of organic compounds
emitted from e.g. car traffic and industrial processes.

NOx Nitrogen oxides, i.e. NO and NO2. Among the most important gases respon-
sible for the acidification of ecosystems. Emitted in combustion processes
e.g. from car traffic.

Output In this study mostly the same as gross output, i.e. the value of a product,
including all the inputs needed for its production, including wages going to
labor force inputs needed in the production (value added). Sometimes it
means only the value added part of e.g. an industry’s output, but it should
then really be denoted as net output.

PPP Purchasing power parity. Exchange rates which take into account the fact
that a certain amount of money expressed in a common currency has the
power to buy various amounts of the same goods depending on country.

Production-based, production perspective Energy use or emissions occur-
ring inside a country’s territory, without the inclusion of indirect use or
emissions occurring abroad due to imports.

Products In this study either goods or services. Can be divided into SNI groups
which correspond to the various industries producing the products.

ROW Rest of the world.

SNA System of national accounts. The accounting system standard developed
by UN and used by national accounts offices all around the world.

SNI Swedish Standard Industrial Classification (Svensk näringsgrensindelning).
The standard in which Swedish industries are divided into various groups de-
noted by SNI codes. The classification of products is based on this standard.
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Every row and column in the intermediate matrix of the use table and the
input–output table and in the make matrix of the supply table correspond
to a SNI code. SNI is based on the EU standard NACE. See Appendix G.

SO2 Sulfur dioxide, one of the most important gases responsible for the acidifica-
tion of ecosystems. Emitted in the combustion of fossil fuels.

SRIO Single-regional input–output. SRIO models use a single input–output table
from a single country.

Supply The flow of products going into the society, later on used (i.e. purchased)
by the industry or the final consumers. Includes both products produced
domestically, and imports, i.e. products produced abroad.

Supply chain The chain of suppliers (industries) transforming inputs (ultimately
raw materials) step by step to a finished product for final use.

Supply table A table showing the various products produced by the various
industries as well as imports of these products.

SUT Supply and use table.

TWh Terawatthours. The total Swedish energy supply has been around 600
TWh per year the last 20 years.

UNFCCC United Nations Framework Convention on Climate Change. A treaty
signed at the Rio summit in 1992. The Kyoto protocol is an amendment to
this treaty. As a part of the treaty, Sweden submit emission reports to the
UNFCCC secretariat annually.

Upstream The production occurring in an earlier stage in the supply chain.

Use The various ways in which the supply flow coming into the society is used and
distributed over various user categories (i.e. various consumer categories).
These categories could be intermediate users (consumption carried out by
industries) or various final users (private and public consumers, investors
and consumers abroad (exports)).

Use matrix The intermediate product x industry matrix in the use table.

Use table A table showing the input of products needed per user category, i.e. per
various intermediate users (industries) and per various final users (private
and public consumers, investors and exports).

Value added Revenues of production less costs for product inputs.

World average intensities In this study, the resource use or emission intensities
of the various products groups produced in the average world industries.
Correspond to EPPP

i and EMER
i in equation (4.21).



Appendix B List of variables 97

Appendix B

List of variables

Ad The domestic part of the matrix of technical coefficients: Ad = Fd x̂
−1
p

or (adij) = (fd
ij/x

p
j). The element adij represents the use of domestic

input of product i per dollar’s worth of production of product j.

Am The imports part of the matrix of technical coefficients: Am = Fm x̂−1p

or (amij ) = (fm
ij /x

p
j). The element amij represents the use of imported

input of product i per dollar’s worth of production of product j.

Atot The matrix of technical coefficients, domestic plus imports: Atot =
Ad + Am or (atotij ) = ((fd

ij + fm
ij )/xp

j). The element atotij represents the
use of domestic plus imported inputs of product i per dollar’s worth
of production of product j.

Eind Environmental matrix of resource uses and emissions per industry. The
element eindij represents resource use or emission of type i generated
directly by industry j.

Ep Environmental matrix of resource uses and emissions per product:
Ep = EindS

′
c. The element epij represents resource use or emission

of type i generated directly by product j.

edir The environmental direct use vector. The element ediri represents direct
resource use or emission of type i generated directly by final consumers
downstream the event of consumption. This vector is originally divided
into several columns, but here it is treated as a single vector.

Eswe
i The Swedish environmental intensity matrix: Eswe

i = Epx̂
−1
p . The

element ei,swe
ij represents resource use or emission of type i generated

directly in Sweden per dollar’s worth of product j.

EMER
i World average intensity matrix based on the MER approach: EMER

i =
k̂MERE

swe
i . The element ei,MER

ij represents resource use or emission of
type i generated directly abroad per dollar’s worth of product j.

EPPP
i World average intensity matrix based on the PPP approach: EPPP

i =
k̂PPPE

swe
i . The element ei,PPP

ij represents resource use or emission of
type i generated directly abroad per dollar’s worth of product j.

eswe The vector of Swedish total resource uses and emissions from both
industry and direct use, including bunkers: eswe = Epi + edir. The
element eswe

i represents resource use or emission of type i generated
directly by industry and final consumers.

eworld The vector of global total resource uses and emissions. The element
eworld
i represents resource use or emission of type i generated totally in

the whole world.
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ec The vector of consumption-based resource uses and emissions gener-
ated directly and indirectly throughout the whole supply chain due to
final demand. The element eci represents resource use or emission of
type i generated.

etot The vector of consumption-based resource uses and emissions gener-
ated directly and indirectly throughout the whole supply chain due
to total final demand (excluding exports) of domestic and imported
products, including downstream effects in direct use (edir). The ele-
ment etoti represents resource use or emission of type i generated. See
equation (4.23).

Fd The intermediate product x product matrix of the domestic part of
the input–output table. The element fd

ij represents the input of the
domestical products i in the production of all products j produced
over a year.

Fm The intermediate product x product matrix of the imports part of
the input–output table. The element fm

ij represents the input of the
imported products i in the production of all products j produced over
a year.

Ftot The intermediate product x product matrix of the domestic plus im-
ports input–output table. The element f tot

ij represents the input of the
domestical and imported products i in the production of all products
j produced over a year.

G Aggregation matrix.

i The unit vector (a column vector with only ones).

k Ratio of world intensity to Swedish intensity vector. Could be kMER

or kPPP depending on whether the MER or the PPP approach is
used. The element ki refers to the world–Sweden intensity ratio for
the resource use or emission type i. See equation (4.20).

I The identity matrix.

Ld The Leontief inverse, domestic: Ld = (I − Ad)
−1. The element ldij

represents the total domestic production, direct and indirect, of prod-
uct i needed throughout the whole supply chain per dollar’s worth of
consumption of product j.

Ltot The Leontief inverse, total: Ltot = (I−Atot)
−1. The element ltotij repre-

sents the total domestic and imported production, direct and indirect,
of product i needed throughout the whole supply chain per dollar’s
worth of consumption of product j.

m The vector of total imports per product.
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S The make matrix of the supply table.

Sc The coefficient matrix of the make matrix: Sc = Sx̂−1ind .

U The intermediate use matrix of the use table.

xind The vector of total output per industry, equals to total domestic pro-
duction per industry.

x̂ind Diagonalization of the vector xind.

xp The vector of total output per product, equals to total domestic pro-
duction per product, equals to total input per product.

x̂p Diagonalization of the vector xp.

yd The vector of final demand (including exports) of domestic products.
The final demand vectors are each originally divided into several col-
umns, but are here treated as single vectors.

ym The vector of final demand (including exports) of products produced
abroad.

ytot The vector of final demand (including exports) of domestic products
and products produced abroad.

ynexp
d The vector of domestic final demand (excluding exports) of domestic

products.

ynexp
m The vector of domestic final demand (excluding exports) of products

produced abroad.

ynexp
tot The vector of domestic final demand (excluding exports) of domestic

products and products produced abroad.
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Matrix algebraic conventions

General conventions

� Matrices are in uppercase bold letters: A

� Vectors are in lowercase bold letters: x

� Elements in vectors or matrices are in lowercase, normal letters: x1

� For an element aij in the matrix A, i refers to the row number of that
element, and j refers to the column number.

� A matrix or a vector could be denoted as A or (aij); these ways of writing
are equivalent, i.e. A = (aij).

� The matrix I is the unity matrix, with only ones on the diagonal.

� The vector i is a unit vector with only ones in a column, e.g. i′ = ( 1 1 1 ).

� Denoting matrices or vectors with some attribute, is done in index position,
e.g. Ad. For elements this is however denoted in exponent position, as index
position is reserved for purpose of position of the element in the matrix,
e.g. adij. This will probably not be any problem, since elements are seldom
powered. Some times exponent position is used as well for matrices, e.g.
in decomposition analysis where E0

i refers to intensities in year 0. When
powering is done, this will be evident from the context.

� Vectors are by default column vectors. Row vectors are consequently denoted
by e.g. x′.

Diagonalizing

Diagonalizing of vector x is denoted x̂, which means that if x′ =
(
x1 x2 x3

)
,

then

x̂ =

 x1 0 0
0 x2 0
0 0 x3

 .

In x̂−1 all elements on the diagonal are inverted, that is

x̂−1 =

 1/x1 0 0
0 1/x2 0
0 0 1/x3

 .

So doing F x̂−1, means to divide every element in the first column of F with x1,
the second column with x2, and so on.
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Multiplication

Multiplication like Ay can be interpreted as

Ay = b⇒ a11 a12 a13
a21 a22 a23
a31 a32 a33

 y1
y2
y3

 =

y1
 a11

a21
a31

 + y2

 a12
a22
a32

 + y3

 a13
a23
a33

 =

=

 y1a11 + y2a12 + y3a13
y1a21 + y2a22 + y3a23
y1a31 + y2a32 + y3a33

 =

 b1
b2
b3

 ,

which means that the first column in A is multiplied by y1, the second column
in A is multiplied by y2, and the third column in A is multiplied by y3, which
after adding the resulting columns leads to a new column vector b. If A is instead
multiplied by a matrix Y , the same procedure is done fore each column in Y
yielding subsequently as many columns in the resulting matrix B.

Aggregation

Aggregation of vector x, meaning that certain rows of x are put together, is
accomplished by e.g.

x̃ = Gx⇒ 2
5
7

 =

 1 0 0 0
0 1 1 0
0 0 0 1




2
4
1
7

 ,

showing that row number 2 and 3 are put together. Aggregation of matrix S so
that certain rows and corresponding columns are put together, is done by e.g.

S̃ = GSG′ ⇒ 2 7 5
5 16 11
7 17 0

 =

 1 0 0 0
0 1 1 0
0 0 0 1




2 3 4 5
4 5 6 7
1 2 3 4
7 8 9 0




1 0 0
0 1 0
0 1 0
0 0 1

 ,

showing that rows 2 and 3 and columns 2 and 3 are put together.
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Element-wise multiplication

Since a matrix A = (aij), and A + B = (aij + bij), element-wise multiplication
between A and B can be expressed as (aij · bij). This is sometimes denoted as
A⊗B, called the Habermard product. Accordingly,

A⊗B = (aij · bij) =

(
a11 a12
a21 a22

)
⊗
(

b11 b12
b21 b22

)
=

(
a11b11 a12b12
a21b21 a22b22

)
.

A similar Habermard division can then be defined as A � B which is the same
as (aij/bij). Sometimes a column vector is multiplied element-wise with all the
columns of a matrix. If we have A and x, this is described as (aij · xi).

1

Environmental matrices built upon the Leontief inverse

Using element-wise multiplication it is possible to construct a sort of “environmen-
tal Leontief inverse” matrix for a certain environmental impact. If the impact’s
intensity vector is ei (e.g. describing the CO2 intensities of various products), this
matrix becomes

El = (eii · lij) ,

where the element elij denotes the emissions from the production of product i
needed directly and indirectly per dollar’s worth of consumption of product j.

A similar matrix is possible to construct using ordinary matrix multiplication in

EL = EiL ,

where Ei is the environmental intensity matrix (with eiij denoting resource use or
emission of type i generated directly per dollar’s worth of production of product
j), and the element eLij in EL denotes the total environmental impact of type i
caused directly and indirectly per dollar’s worth of consumption of product j.2

Upon this result, a consumption-based environmental impact matrix describing
environmental impact per environmental variable and per consumed product due
to any final demand y (not just per dollar) can be constructed through

Ec = (eLij · yj) .

Thus, the element ecij denotes the total environmental impact of type i caused by
the consumption of product j. An example of this matrix is shown in Appendix G.

1The dot in between the factors of e.g. (aij · bij) is not needed, only there for clarity.
2Miller and Blair, 2009, discuss this matrix.
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Appendix D

Proof that An+1 converges to zero1

This adds to the derivation of the power series approximation of the Leontief
inverse, presented in equations (3.8) and (3.9), which assumed that An+1 → 0 if
n→∞.

We can assume that the column sums of A are all less than 1 since all products
have not only other products as inputs, but also labor force inputs, so the share
of product inputs must be less than 1. Saying this, we have at the same time
said that all the elements aij of A are also each of them less than 1, and we also
assume that they are equal to or greater than 0. Further on, we define the norm
||A|| as the maximum element of A, i.e. ||A|| = max(aij), and we also define s as
the maximum column sum of A, i.e. s = max(

∑
k akj).

Now, we will start off by examining if the maximum element of A2 is less than
the maximum element of A:

||A2|| = ||AA|| = max(
∑
k

aikakj) ≤ max(||A||
∑
k

akj) = ||A||s < ||A|| ,

since s < 1. The sum
∑

k aikakj in the equation above is the definition of matrix
multiplication. In the step just after that, we have exchanged ||A|| for aik since
aik ≤ ||A||, so if the proof holds when inserting ||A||, it will be even more true for
aik. Thus, apparently is ||A2|| ≤ ||A||s < ||A||, i.e. the maximum element of A2

is less than the maximum element of A.

The similar reasoning can now be done for the higher powers as well, yielding that

||An+1|| = ||AnA|| ≤ ||An||s ≤ ||An−1||s2 ≤ . . . ≤ ||A||sn → 0, n→∞,

since, again, s < 1. So the maximum element of An+1 goes to 0, which implies
that the whole matrix An+1 → 0 as n→∞.

1Based on Physics Forums, 2010. A slightly different approach is found in Waugh, 1950, and
in Miller and Blair, 2009.
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Appendix E

SUT and IOT for Sweden 2005

Supply table, Sweden 2005 (basic prices, current prices)

Industries

Products
Agricult. 
industry

Forest 
industry

…
House- 
hold 
serv.

Total 
production 
per product Imports

Total supply 
at basic 
prices

Taxes 
less 
subs.

Total supply at 
market prices

Agricultural products (SNI 01) 36 2 38 14 52 19 71
Forestry products (SNI 02) 20 2 22 4 26 26

… (SNI 03-94)

3 1
Household services (SNI 95) 1 1 1

Total production per industry 39 21 1 5100 1100 6200 400 6600

(Unit: Billion SEK/year)

Use table, Sweden 2005 (market prices, current prices)

Industries Final demand

Products
Agricult. 
industry

Forest 
industry

…
House-
hold 
serv.

Total 
intermed. 
use per 
product

Con-
sumption

Gross 
investments Exports

Total final 
demand per 
product

Total supply per 
product

Agricultural products (SNI 01) 6 31 37 31 3 34 71
Forestry products (SNI 02) 1 24 25 1 -1 1 1 26

… (SNI 03-94)
21 6

Household services (SNI 95) 1 1 1

Total use per industry or FD 27 7 0 2700 2100 500 1300 3900 6600

Value added per industry 12 14 1 2400
Total input per industry 39 21 1 5100

(Unit: Billion SEK/year)

Input-output table, Sweden 2005 (basic prices, current prices)

Products Final demand

Products
Agricult. 
products

Forest 
products

…
House-
hold 
serv.

Total 
intermed. 
use per 
product

Con-
sumption

Gross 
investments Exports

Total final 
demand per 
product

Total supply per 
product 
(output+imports)

Agricultural products (SNI 01) 4+1 27+3 31+4 5+9 2+1 7+10 38+14
Forestry products (SNI 02) 1.2+0.1 20+4 21+4 1+0 -1.5+0 1+0 0.5+0 22+4

… (SNI 03-94)
15+4 4+2

Household services (SNI 95) 1+0 1+0 1+0

Total use per product or FD 19+5 5+2 1900+700 1700+200 300+100 200+100 3200+400 5100+1100
Taxes less subsidies 2 1 100 200 100 0 300 400
Total use incl. taxes 26 8 0 2700 2100 500 1300 3900 6600

Value added per product 12 14 1 2400
Total input per product 38 22 1 5100
Imports 14 4 0 1100
Total supply per product 52 26 1 6200

(Unit: Billion SEK/year) Note: Cells include domestic+imports figures.

Source : Statistics Sweden, 2008 and 2009.
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Organization of the Excel database

The Excel database is available at:
http://www.fysast.uu.se/ges/en/marten-berglund

The database is divided into ten different files, organized in three levels – see Figure
F.1 below. Arrows in the figure describe the relationships between the files, i.e.
from which files the various files fetch data used in the sheet calculations.1,2

Original data, files on the base level:

S.xls The official supply-tables, from 1993 to 2005, in both revisions.

U.xls The official use-tables, from 1993 to 2005, in both revisions.

IO.xls The official IOTs, from 1995 and 2000 in the first revision, and 2000
and 2005 in the second revision.

GDP.xls GDP time series and other economic data, for Sweden and for the
whole world.

E swe.xls Official Swedish environmental data from the Energy authority (en-
ergy use, including bunkers) and from the Swedish reporting to UN-
FCCC (emissions, excluding bunkers).

E mir.xls Environmental matrices (flows per industry) from the environmental
accounts (including bunkers), from 1993–2005.

E world.xls Official global environmental data from IEA and from the EDGAR
database. Including bunkers.

IO_r.xls

Main.xls

E_int.xls

S.xls U.xls IO.xls E_swe.xls E_mir.xls E_world.xlsGDP.xls

Figure F.1. Relations between the files in the Excel database.

1Only the most important relations are shown in the figure. Main.xls also fetches data
directly from all the files on the base level except from IO.xls and E world.xls.

2Though not included in the calculations, two additional files are part of the database:
Figs.xls (data from figures in report) and Results.xls (results sheets from Main.xls, see below).

http://www.fysast.uu.se/ges/en/marten-berglund
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Auxiliary calculation files, files on the middle level:

IO r.xls In this file, the domestic and imports shares in the IOTs are extracted.

E int.xls In this file, the environmental matrix from E mir.xls is converted from
an energy uses or emissions x industry matrix, to an energy uses or
emissions x product matrix. The corresponding intensity matrix is
calculated. The intensity ratio between the world and Sweden, is cal-
culated.

Main calculation files, files on the top level:

Main.xls All the main calculations are done here. Data are fetched from the files
on the lower levels. The A matrix is generated and its corresponding
Leontief inverse. The vectors and matrices describing required pro-
duction per consumed products, as well as required energy use and
generated emissions per consumed products, are calculated. All re-
sults are gathered in the 8th sheet section of this file, in five separate
sheets (see the table of contents of the file in the first sheet).

The database can be considered a vector valued function f(t), which as input, t,
takes years, and as output pours out various consumption-based environmental
data. The input, t, is given in cell [Main.xls]Tot!B3 and the output is generated
in the sheets in the 8th sheet section of the file Main.xls. The input t is actually
not just a year, but also indicates which revision is to be used, denoted by a or b.
Valid values for t are 1993a–2003a, and 2000b–2005b. A time series is generated
by entering such a year and revision in the cell mentioned, and then saving all the
outputs coming from that year and revision in a separate column. The same is
repeated for all years in that revision.

The output is divided onto five sheets, with the following contents:

Tot Consumption-based totals for various assumptions (PPP etc.), physical
trade balances, economical data, official production based data, for all
environmental variables.

IPAT IPAT data and indices for all environmental variables.

IDA Decomposition analysis data for all environmental variables.

Prod Product groups analysis, the environmental impact per various product
groups, for all environmental variables.

FD cat Environmental impact per the various final demand categories, for all
environmental variables.

Calculations are done in accordance with what has been described in Chapter 4.
The detailed description of these calculations are found in the table of contents-
sheets, and directly as cell formulas in the various sheets.
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Appendix G

Excel tables

A selection of interesting tables from the Excel database is shown on the following
pages.

Page Description

108 SNI codes for the various product groups.

109 The Swedish matrix of technical coefficients Atot for 2005.

110 The Swedish Leontief inverse Ltot for 2005.

111 A consumption-based Swedish environmental impact matrix describ-
ing worldwide environmental impact per environmental variable and
per consumed product due to Swedish final demand in 2005 of domes-
tic and imported products. Corresponds to the Ec matrix described
in Appendix C about environmental matrices (though Ec here is con-
structed from several different environmental intensity matrices due
to distinct intensities in Sweden and abroad). Data are based on the
PPP approach. Direct use is not part of these values, since this matrix
only describes the impact caused upstream per consumed product, not
the direct use impact by the final user (which can not be allocated per
product).

112–116 The Tot sheet from Main.xls (slightly adjusted), showing the main
consumption-based results for all environmental variables.
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SNI codes

01 Agriculture
02 Forestry
05 Fishing
10-12 Extraction of energy resources
13-14 Mining of metal ores, other mining and quarrying
15-16 Food products, beverages and tobacco
17 Textiles industry
18 Textile products
19 Tanning and dressing of leather
20 Manufacture of wood and wood products
21 Pulp, paper and paper products
22 Publishing and printing
23 Coke, refined petroleum products and nuclear fuel
24 Chemicals and chemical products
25 Rubber and plastic products
26 Non-metallic mineral products
27 Basic metals
28 Fabricated metal products
29 Machinery and equipment
30 Office machinery and computers
31 Electrical machinery and apparatus
32 Radio, television and communication equipment
33 Medical and optical instruments, watches and clocks
34 Motor vehicles, trailers and semi-trailers
35 Manufacturing of other transport equipment
36 Furniture and other manufacturing
37 Recycling/Samhall
40 Electricity, gas, steam and hot water
41 Water
45 Construction
50-52 Auto sales, wholesale trade, retail trade
55 Hotels and restaurants
60 Land transport, pipelines
61 Water transport
62 Air transport
63 Supporting transport activities
64 Post and telecommunications
65 Banking
66 Insurance and pension funding
67 Other financial activities
70 Real estate activities
71 Renting of machinery and equipment
72 Computer and related activities
73 Research and development
74-75 Other business activities and public administration
80 Education
85 Health and social work
90 Sewage and refuse disposal
91 Membership organizations
92 Recreational, cultural and sporting activities
93 Other service activities
95 Private households with employed persons
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