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Abstract
Consumption-based accounting (CBA) allocates all the final consumer's production and
delivery chain emissions rather than the producer, therefore providing information on the
emissions caused by residents and users of certain geographic areas, including cross-border
emissions. This thesis will look at two different allocation principles of CBA, personal and
areal, in calculating consumption-based carbon footprints (CBCF) of 27 European countries.
The two allocation principles have often been referred to as territory and residence
principles, but in this study, they will be defined as areal and personal. Areal carbon footprint
(ACF) combines the consumption-based carbon footprint of economic activities based
within a selected geographic border and the global production and delivery chain emissions
of the consumer goods and services. That includes the consumption of visitors. Personal
carbon footprint (PCF), on the other hand, entails the consumption of the residents of a
specific area, disregarding the place of consumption, and also excludes the consumption of
visitors of the area. The methods used in the thesis are multiregional input-output, hybrid
models, and two consumption datasets. The two datasets used in looking at these different
allocation principles comes from EORA26 and the Eurostat household budget survey.
EORA26 in finding the ACF of each country and the Eurostat household budget survey to
calculate the PCF for those countries. The results of this study show that the difference in
allocations leads to difference in results, where ACF for almost all of the countries results in
higher emissions of 𝐶𝑂2 𝑒 than PCF.

Úrdráttur
Neysludrifið reikninshald ráðstafar öllu framleiðslu- og afhendingarkeðjunni frá
endanlegum neytendum frekar en framleiðandanum og veitir því upplýsingar um
kolefnislosun af völdum íbúa og notenda tiltekinna landfræðilegra svæða, þar með talið
kolefnislosun sem ganga yfir landamæri. Þessi ritgerð mun skoða tvær mismunandi
skiptingareglur innan útreikninga á neysludrifnu kolefnisfótspori með því að nota
Evrópulönd sem dæmi. Þessar tvær úthlutunarreglur sem notaðar eru í þessari rannsókn
kallast svæðisbundið kolefnisfótspor og persónulegt kolefnisfótspor. Svæðisbundið
kolefnisfótspor sameinar neyslumiðað kolefnisspor efnahagsstarfsemi sem byggist innan
ákveðna landamæra ásamt alþjóðlegrar framleiðslu og afhendingakeðju neysluvara og
þjónustu innan þess svæðis en nær það einnig til neyslu gesta innan svæðissins. Persónulegt
kolefnisspor hefur aftur á móti í för með sér neyslu íbúa tiltekins svæðis, að undanskildum
neyslustað, og útilokar einnig neyslu gesta á svæðinu. Þessi ritgerð notast við tvo gagnasöfn
við að skoða þessar mismunandi úthlutunarreglur. Notaðar eru neytendaupplýsingar frá
EORA26 gagnasafninu(sem inniheldur gögn fyrir inntaks- og úttakslíkön notuð í báðum
aðferðum) til að reikna út svæðisbundið kolefnisfótspor og neytendaupplýsingar frá Eurostat
könnun á fjárhagsáætlun til að reikna út persónulegt kolefnisspor. Niðurstöður þessarar
rannsóknar sýna að mismunur á þessum tveimur skiptingareglunum þar sem kolefnis
útblástur hjá svæðisbundnu kolefnisfótspori nánast allra landa mælist hærri en hjá
Persónulegu kolefnisspori.

For the adorable Lee Taemin
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1 Introduction
One of the most significant threats the globe is facing today is climate change and
environmental degradation, mainly caused by human activities (IPCC, 2014). It has been
one of the most critical climate change policy targets to decrease greenhouse gas emissions
to keep the global average temperature below 2℃, which is the overarching goal of the 2015
Paris Agreement (Rogelj et al., 2016). The focus has been on low-carbon economy and
technologies and renewable energy to achieve these targets since energy-related greenhouse
gas (GHG) emissions are the most significant contributor to climate warming (IPCC, 2018).
Although similar goals were found in the Kyoto Protocol almost 25 years ago, it is still
reported that global GHG emissions are on a constant rise (IPCC, 2018; Myhre et al., 2017).
One of the reasons why it has been impossible to lower the GHG emissions is the problem
of allowing carbon leakage (i.e., outsourcing of emissions to other countries) when
accounting for GHG of countries. This can be seen in more detail in Rosen's (2015) article
on the Kyoto Protocol's failure on climate change. Kanemoto et al. (2014) and Wood et al.
(2018) have found evidence of carbon leakage in their researches, and according to Gaaitzen
and Ferrarini (2017), it is primarily found in high growth and developed countries. Most
current GHG emissions systems are based on territorial boundaries despite the knowledge
of carbon leakage within those systems, which causes a deviation in accounting for the GHG.
This brings to attention the importance of utilizing different approaches in the accounting of
GHG to get a more realistic figure of GHG emissions.
Consumption-based accounting (CBA) allocates all the final consumer's production and
delivery chain emissions rather than the producer (Baynes and Wiedmann, 2012 and Afionis
et al., 2017). CBA therefore provides information on the emissions caused by residents and
users of certain geographic areas and also includes cross-border emissions (Heinonen et al.
2020). This method has been used quite widely at the national level in order to calculate
consumption-based accounting and tracking the traded GHG emissions (Hertwich and
Peters, 2009; Wiedmann et al., 2010; Steen-Olsen et al., 2012; Minx et al., 2013; Ivanova et
al., 2016; Kanemoto et al., 2016). Though CBA is being used extensively worldwide, there
are still limits in understanding embodied emissions of affluent societies, especially
countries with high levels of material imports. Recent researches highly suggest that the
scale of these traded emissions is, in fact, significant. Embodied emissions have been shown
to contribute more to the total consumption-based carbon footprint (CBCF) than currently
accounted for in territorial emissions inventory, especially in regions with low-carbon
energy supplies or low levels of domestic production combined with high levels of
consumption (SEPA, 2012; Committee on Climate Change, 2013; Heinonen et al., 2013;
Athanassiadis et al., 2016; Ivanova et al., 2016).
Environmental input-output (IO) analysis is usually the base of a CBA tracking the embodied
environmental impacts through the production and supply chains from the beginning until
consumption (see, e.g., the reviews by Wiedmann, 2009a; Wiedmann, 2009b; Baynes and
Wiedmann, 2012 and Afionis et al., 2017). The first assessments on CBCF appeared in the
late 90s (Murthy et al., 1997; Lenzen, 1998) and have been drastically increasing during the
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ongoing decade, particularly in recent years since the development of multiregional inputoutput (MRIO) models and them being openly available (Malik et al., 2018). This
development has highly increased the accuracy of assessments and gives a new
understanding of the impacts from different types of settlements and urban zones. Although
the field of CBCF is still, in many ways, immature and the assessment that falls under the
CBCF umbrella varies greatly (Heinonen et al., 2020). Not all CBA uses the same calculation
method, and the results can differ between studies, which could likely reduce the usability
of the results in policy- and decision-making.
A review done on CBCF literature by Heinonen et al. (2020) concludes that CBCF studies
fall into two methodologically different categories (and their hybrids), calling them areal
carbon footprint (ACF) and personal carbon footprint (PCF). ACF includes the final demand
in an area in question regardless of who the consumers are and typically includes capital
formation and other final demand categories. PCF includes the consumption of the residents
of the area in question regardless of where the consumption activities take place and typically
excludes investments and demand by governments. In this study, the aim is to get a better
understanding of these two allocation principles while answering the following questions:
1. What are the differences in the two different allocation principles, personal and
areal, in calculating consumption-based carbon footprint?
2. How do the levels and composition vary between the two allocation principles in
different countries?
These questions will be answered by calculating the ACFs and PCFs of European countries
and comparing them by describing consumption sector by consumption sector how the
allocation principles change, what is included, how it should show in the outcome, and in
which countries these methodological differences seem to explain the outcome differences.
It begins with Chapter 2, which is a literature review with a summary of research in the field
of carbon footprints diving deeper into CBA and looking at CBCF studies. Chapter 3 goes
over the research methodology, covering the method and calculation using IO method and
CBA. Chapter 4 details the results of the study, while Chapter 5 then comes with discussion
on the results as presented in Chapter 4, comparison to other studies and suggestions on
further studies. In the end is a chapter with the conclusion of the study.
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2 Literature review
In this literature review, there is a summary of research in the field of carbon footprints,
especially consumption-based carbon footprint, to give a better understanding of the
research. The research aims to answer the differences in the two allocation principles,
personal and areal, in calculating the consumption-based carbon footprint, and how the
levels and composition vary between the two allocation principles in different countries. In
looking at the literature related to these questions, the first chapter will briefly go over the
carbon footprint concept and the two types of carbon footprints relevant for this research,
production-based and consumption-based, seeing the method's different usage. When
looking at consumption-based carbon footprint the two allocation methods, personal and
areal carbon footprints, will be in focus in line with the research question on finding the
difference in the two allocation methods. In order to get a better understanding of the
consumption-based carbon footprint there is a chapter on IO approach with the sub-chapter
on multiregional input-output (MRIO) models as the research is based on calculations done
using such models. In the end there will be a review of researches in the field of
consumption-based carbon footprints to see what has been the focus of other studies to gain
more insight of consumption-based carbon footprint and how the two different allocation
methods have been used.

2.1 GHG accounting and carbon footprint
Carbon footprints have in recent years captured the interest of policy makers, businesses and
the consumers alike due to global warming issues and changes in the environmental agenda
(Hertwich & Peters, 2009; Pandey et al. 2011). Carbon footprint is noted to be a subgroup
from the term “ecological footprint”, but ecological footprint is regarded as the biologically
productive land and sea area that is required to sustain the human population illustrated in
global hectares. Carbon footprint is under that concept regarded as the land area required to
assimilate the entire 𝐶𝑂2 produced by humans during their lifetime (Pandey et al. 2011).
Carbon footprint is regarded as a good indicator of the contribution to global warming by
the public although there are confusions on what it exactly means (Wiedmann and Minx
2007; East 2008; Finkbeiner 2009; Peters 2010).
The most common definition refers to a certain amount of gaseous emissions that are
applicable to climate change and is associated with human production or consumption
activities (Wiedmann & Minx, 2007; Carbon Trust 2007; ETAP, 2007). Although this is a
wide definition and there is a confusion on the actual meaning and how to measure and
quantify a carbon footprint (Wiedmann & Minx, 2007; Heinonen et al., 2020). Since there
is this lack of common understanding of the carbon footprint it is worth looking through the
differences in definitions through the literature in order to get a better overview of the term.
As stated above, the most common understanding of carbon footprint in both literature and
public discussion is that the carbon footprint is all the emissions of carbon dioxide or
greenhouse gases expressed in 𝐶𝑂2 equivalents. Not all agree on that definition since it can
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be too wide and not specific enough. Wiedmann and Minx (2007) describe carbon footprint
as the following: "The carbon footprint is a measure of the exclusive total amount of carbon
dioxide emissions that is directly and indirectly caused by an activity or is accumulated over
the life stages of a product." This excludes all other GHG than 𝐶𝑂2 which by their definition
should be counted under “climate footprint” rather than carbon footprint (Wiedmann &
Minx, 2007). Although this seems like the logical definition it has not yet been fully adopted
within the academic literature or public discussion as can be seen in a research from Pandey
et al. (2011) where many new studies and methods followed for carbon footprint calculation
are suggesting to include other GHGs as well as 𝐶𝑂2. This is something that has to be taken
into consideration when comparing studies on carbon footprints since the analysis ranges
from only considering 𝐶𝑂2 to including many different non-𝐶𝑂2 GHGs (Ivanova et al., 2016;
Heinonen et al. 2020).
Not all of the emissions occur during the use phase, so those are referred to as embodied or
indirect emission. Most CF studies tend to only report on direct emissions or first order
indirect emissions since it gets complicated to include all the emissions (Wiedmann and
Minx 2007; Matthews et al. 2008). When calculating the carbon footprint and including all
possible causes and releasing of carbon emissions to be all-encompassing it has to be clear
what it includes. That can be done with using a full life cycle assessment of a product where
all stages of its life cycle are evaluated correctly to gather all the indirect emissions
(Wiedmann and Minx 2007). Using the CBA it inherently included the indirect emissions,
but this assessment method will be looked at closer in 2.1.2.
Although the calculations can be different between studies the accepted unit of carbon
footprint where the other GHG emissions are included has been the 𝐶𝑂2 equivalent (𝐶𝑂2 𝑒)
mass based on 100 years global warming potential (Pandey et al. 2011). Carbon footprint
can also be calculated in many different scales. It depends on the method used in calculations
that vary among, for example, the following products: households, companies, cities, regions
and countries (Peters, 2010).
2.1.1 Production-based accounting
Production-based accounting (PBA) in calculating carbon footprint displays the emissions
that are generated from the domestic production of goods and services regardless of if they
are consumed domestically or are exported (Karakaya et al., 2019). It also only includes the
emissions generated within the area in question, not those related to sub-contractors outside.
This has been the most common form of accounting nations use since all agreements on
climate change mitigation have required nations to prepare their national greenhouse gas
emission inventories based on production-based accounting (Afionis et al., 2017; Ottelin et
al. 2019a). This can be seen in the United Nation Framework Convention on Climate
Change, the Kyoto Protocol and the Paris Agreement.
Although production-based accounting is the most common GHG accounting method of
nations it has its fair share of limitations. It doesn’t take into account the international
emission flow as in the goods and services produced in one place but consumed in another
(Karakaya et al., 2019). That leads to significant advantages to countries that have
outsourced their emissions to developing countries, by producing in other countries and
consuming themselves, the emissions are counted in the producing country though they do
not consume the goods. Karakaya et al.(2019) argue that this kind of analysis can be
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misleading while only relying on PBA data since it ignores trade perspective and the
environmental impact of consumption. This can also be referred to as carbon leakage and
occurs mostly when developed countries move their emissions-intensive activities to
developing countries in an effort to decrease their emission inventory. Although this might
look good on the outside for the developed country it still increases the global emissions
(Pan et al., 2020).
Kanemoto et al (2015) also show the problem with PBA in their study on how the current
international trade system undermines national emission reduction targets using air pollution
as a study point. By using the EORA MRIO they have confirmed earlier findings that much
of the apparent success in decreasing domestic emissions has been more than offset by an
increase in embodied emissions in imports, undermining the efficacy of previous air
pollution regulation with what they call burden-shifting. They then suggest as many others
(Lenzen et al., 2012; Munksgaard and Pedersen, 2001; Peters and Hertwich, 2008; Steckel
et al., 2010) to regulate imports and/ or consumption-based emissions instead of only using
PBA as has always been done.
These studies have led the development of consumption-based accounting and other hybrid
approaches (Aichele & Felbermayr, 2011; Barrett et al., 2013; Lenzen et al., 2007;
Munksgaard & Pedersen, 2001; Peters et al., 2011). For most developed nations and cities
in particular, the calculation done by using production-based accounting highly
underestimates greenhouse gas emissions compared to other methods that encompass life
cycle emissions (Athanassiadis et al., 2016; Boitier, 2012; Ramaswami & Chavez, 2013).
This is a cause for the concern of developed countries creating much more GHG emissions
than is accounted for (Aichele & Felbermayr, 2011). Production-based accounting might be
more looked at in policy but that is not the only way to report the emissions. The other
approach is consumption-based accounting that will be looked into deeper in the next
chapter.
2.1.2 Consumption-based accounting
In recent years, consumption-based accounting (CBA) has gained a lot of interest from
scientists though so far it has not been used much in policymaking (Ottelin et al., 2019a).
CBA allocates the whole supply chain of goods and services to the consumer ignoring where
the emissions originate (Wiedmann et al. 2009b). Studies on CBA ground on the opinion
that those benefiting from the process should bear at least some responsibility for the
emissions associated with the process. One of the main tasks of CBA is estimating the
consumption-based emissions of the economy or the environmental impacts that are
generated during the production phase (Chen et al., 2018). Therefore, CBA extends the
national perspective to a global context by providing the information to incorporate
emissions embodied in international trade. It brings light to the emission transfer problem
that has been troubling the global mitigation efforts (Peters & Hertwich, 2008; Peters et al.
2011; Kanemoto et al., 2015, Wiedmann, 2016). Not only has the consumption-based carbon
footprint (CBCF) gained popularity among scientists but also through various website
calculators (e.g. CarbonIndependent.org, 2015; EPA, 2016; Padgett et al., 2008). These
calculators can help the public get the information on the climate change impact of their
lifestyle choices.
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CBCF assessments differ from each other especially in terms of the scope of the assessments.
Though studies might be calculating the CBCF it is not always the same method used and
the scope can differ greatly between two studies. Heinonen et al. (2020) found that it is not
always the same definition of the consumer used. Some would count in all the consumption
within one area, regardless if they are local residents or not, while others count for the
consumption from the local residents, also including their consumption from other areas. In
conclusion they found that the scopes can vary between studies and that CBCF studies fall
mostly into two categories (or hybrids of both) that use different methodologies which they
suggested to name areal carbon footprint (ACF) and personal carbon footprint (PCF). The
focus on this study will be on these different methodologies and how they compare to one
another. Chapter 2.4 will go into more details on CBCF and researches in the field.
In order to understand the consumption-based carbon footprint better there is a need to look
into the most used assessment tool, the input-output life cycle assessment, which will be
described better in the following chapter.

2.2 Methods of carbon footprint estimation
For calculating carbon footprint, the amount of GHGs emitted/removed or embodied in the
life cycle of the product has to be estimated and added, that is why life cycle assessment is
usually used in calculating the CF. Life cycle assessment (LCA) inspects the environmental
aspect and potential impacts of a product throughout its lifetime or how it is often referred
to as from the ‘cradle to grave’. That consists of the process from the raw material
acquisition, production phase, use of the product to its disposal (Hendrickson et al., 2006;
ISO, 1997). LCA is defined by ISO14040 (2006) as follows: “LCA addresses the
environmental aspects and potential environmental impacts (e.g. use of resources and the
environmental consequences of releases) throughout a product's life cycle from raw material
acquisition through production, use, end-of-life treatment, recycling and final disposal.”
There are two prime methods used in conducting an LCA: Input-Output LCA (IO-LCA) and
Process LCA. They both have advantages and disadvantages over one another (Hendrickson
et al., 2006). The environmentally extended input-output analysis (EE-IOA) comes from
adding the data on energy, environmental and other flows to the underlying economic inputoutput model (Hendrickson et al., 2006).
In the Process LCA method a process-specific data is used for each step in the supply chain
in conducting the LCA, which are typically mass, energy and other physical flows (Suh et
al., 2004). With this method the number of processes involved in the product system and the
order of upstream processes are limited as well as truncation error can be found within
studies using conventional LCA (Lenzen, 2001). Nonetheless, almost all processes are interlinked in the supply-demand web of a modern economy, which makes the flow diagram
show an inherent system incompleteness (Suh et al., 2004).
IO LCA makes use of an extension to economic Input-Output Analysis (IOA) that looks at
the activities in our economy with estimating the materials and energy resources used and as
well the environmental emissions from those activities in performing the LCA (Hendrickson
et al., 2006). This method has the advantage of its data being regularly compiled as parts of
national statistics. Input-output analysis can both take into account capital goods and
overheads as inputs to a product system which are frequently left out by most Process LCAs
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on intention (Suh et al., 2004). Despite its advantages it also has problems such as the high
level of aggregation in industry or commodity classifications that can make the IOA on its
own less adequate for detailed LCA studies. Even if the production technology used is the
same, the institutional variation can lead to significant aggregation errors and has to be
acknowledged when using the IO-LCA.
EE-IOA is a recognized technique to assign pollution or resources to the final demand in a
consistent framework (Wiedmann, 2009a). Many developments on methods have been in
the field of EE-IOA but it has been used to evaluate the impacts of residual waste
management, reusing and recycling activities, product lifetime extension, and resource
efficiency (Aguilar-Hernandez et al., 2018). This can be seen in the study done by Nakamura
(1999) on interdependency between production and waste generation that led to the
development of waste input–output models. Also the analysis of resource use and emissions
at country level in relation to potential leakage on a global level opened the way for
development in multiregional models for assessing the impacts embodied in international
trade (Peters and Hertwich 2009; Wiedmann 2009; Tukker and Dietzenbacher 2013). The
next chapter will go further into the multiregional model.

2.3 Multiregional input-output models
Multiregional input-output (MRIO) models have a long history of being originated in
regional economics (Leontief and Strout, 1963; Leontief, 1974; Miller and Blair, 2009). The
MRIO model consists of the national input-output tables that represent financial transactions
between economic sectors within a certain region linking it together to the trade flow tables
that show the value of exports and imports by country and economic sector (Wiedmann et
al. 2011). The MRIO model was developed from the single region IO (SRIO) and has certain
advantages over SRIO since it shows more accuracy in the assessment because SRIO does
not allow a distinction between domestic and foreign production technology (Wiedmann,
2009). Studies where SRIO and MRIO are compared demonstrate that the multipliers and
embodiments can differ substantially thus warranting the extension to many regions
(Haukland, 2004; Lenzen et al., 2004; Peters and Hertwich, 2006a; Proops et al., 1999).
The development of global MRIO databases have been increasing (Tukker & Dietzenbacher,
2013; Wiedmann and Lenzen, 2018) and the MRIO tables have been constructed and used
in analyzing environmental impacts in many countries (Wiedmann, 2009; Heinonen et al.
2020). Heinonen et al. (2020) found in their review on CBCF studies that the most applied
MRIO models include GTAP, WIOD, EORA and Exiobase. Each of these databases are
developed with a different focus, which in return suit a certain type of analysis (Tukker &
Dietzenbacher, 2013). Evidence of this can be found in a study done by Owen et al. (2014)
where they compare three different MRIO databases which demonstrated though they are
similar in the majority of regions they show differences in results. This needs to be taken
into account when comparing studies that use different databases as the results might be
affected by the difference in the databases.
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2.4 Recent research on consumption-based
carbon foot printing
Consumption-based carbon accounting has gained a lot of research interest in the last decade
(Chen et al., 2018; Wiedmann et al., 2010; Heinonen et al. 2020; Ottelin et al. 2019; Afionis
et al., 2017) and is another approach in calculating carbon footprint which can complement
the production-based accounting method in policymaking. Both Ottelin et al. (2019) and
Afionis et al. (2017) have recently produced a review of literature on CBCF considering the
policymaking utility of CBA and what policy guidelines CBCF studies provide. In their
review, Ottelin et al. (2019a) summarize all the current policy recommendations from the
CBCF literature, which showed how authors focus more on the policy outcome rather than
the policy instruments themselves. They believe that shifting the focus towards the
instruments should be more helpful from a policy perspective. Although, this literature
provides a unique policy feature as a direct advice to the consumers and households on how
to become more sustainable consumers through various parts of sustainable lifestyle choices.
Afionis et al. (2017) go over both of the arguments for, and against, the adoption of CB
accounting. They think that although PBA is not going anywhere soon, that CBA could
provide countries with invaluable tools in understanding emission patterns in more detail
and therefore improve policies to address these emissions that can be embodied in trade. So
by the policy perspective, there is a lot that needs to be improved and it is more likely that
CBCF will be used in policies if merged with PBCF perspective as well.
In their review, Heinonen et al.(2020) mention the importance of improvement of reporting
of the scope of the study. Classifications of studies by the differences of scopes can be
difficult due to the differences of definitions used. This poses a problem in comparing studies
since some scope differences can be so big that studies on the same area kind show
completely different results. They divide the papers into two different methodologies for the
CBCF as was mentioned in 2.1.2. These two different principles have been suggested by the
authors to be named areal carbon footprint (ACF) and personal carbon footprint (PCF)
(Heinonen et al., 2020). Since there have not been done any researches with the comparison
of the two allocation principles we take a look at the different studies on CBCF and how the
research is conducted, namely whether they fall under ACF or PCF.
No study has been done comparing the two allocation principles to the author’s knowledge,
although the issue of incompatibleness has been brought up in the Heinonen et al.(2020)
review noting that results from studies from the same location done by a different group of
researchers fall far from each other. This occurs because some studies have a wider range of
consumption activities included than others even if hypothetically all consumption activities
within a selected footprint type (ACF/PCF) inherently should be included (Heinonen et al.,
2020).
In a study done by Fry et al. (2017), they use the China MRIO database to determine the
carbon footprints of four Chinese cities, Beijing, Shanghai, Chongqing and Tianjin, and base
it on the different levels of data availability. The China MRIO is nested within the global
EORA MRIO and uses the same categories as the EORA and a similar way of gathering
data, making this an ACF study. The results from the study show that the CBCF of these
cities are within range of the Chinese average per-capita emissions of about 7.6 t𝐶𝑂2.
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Another study done by Ivanova et al. (2016) on the environmental impact of household
consumption on a world scale has the same distinctions as a PCF study, they use Exiobase
database but the core of the Exiobase model is an input‐output table representing the flow of
goods and services throughout the global economy. All the emissions and resources
necessary for the production of output is allocated to the goods and services purchased by
the final consumer regardless of the origin of the purchase. There the estimate for CBCF per
capita in China is 1.8 t𝐶𝑂2, which differs a lot from the findings of Fry et al. (2017). This
vast difference in results makes one question which allocation method shows more
transparent results.

2.5 ACF-PCF research gap
In this literature review carbon footprint was briefly explained and defined as presented by
the literature. Then production-based carbon footprint and consumption-based carbon
footprint was explained, the difference of the methods was examined, and it has been shown
what each method offers. The review then looked more closely at the method of
consumption-based carbon footprint, which directly connects to this research in finding
differences in the two different allocation principles, personal and areal, when calculating
consumption-based carbon footprint. Since it shows that most studies on CBCF applied
MRIO models it is important to have understanding of the model which is provided above.
Looking at researches on consumption-based carbon footprinting it is clear that no other
research has been done in an effort to compare the two allocation principles although it has
been touched on in a review from Heinonen et al. (2020), there it is shown that studies vary
significantly even if looking at the same subject, CBCF. This shows the importance of a
better definition of the method and how the allocation matters since there is a gap in ACF
and PCF. In this research, the aim is to find the difference in the two allocation methods in
order to gain a better understanding of CBCF. The next chapter will go over the methodology
used in the research.
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3 Methodology
In this chapter the methodology of the research is discussed. It will begin with an overview
of CBCF, opening up the methodological differences between ACF and PCF and then
moving over to the general IOA method, from the beginning to constructions of IO tables. It
will also explain environmental extensions and the MRIO model that is used in the research.
The chapter will finish on the research design.

3.1 Consumption-based carbon footprint
CBA allocates all the production and delivery chain emissions from origin to the end-user
or consumer which CBCF falls under and has a focus on GHGs. It can provide information
on the emissions that are induced by the residents and users of a certain geographic area with
the inclusion of emissions crossing borders (Baynes and Wiedmann, 2012). Using CBA at
whatever geographic scale (national, state, city, neighborhood...) can establish a link
between the consumption levels and patterns of urban residents while associating the
embodied environmental impacts (Baynes and Wiedmann, 2012). Typically utilizing inputoutput analysis (IOA), it tracks embodied environmental impacts through the production and
supply chains (Wiedmann, 2016; Hendrickson et al., 2006). There has been discussion on
the different allocation principles used in calculating the CBCF which can be confusing to
non-researcher in the field (Usubiaga and Acosta-Fernández, 2015; Owen et al.,
2016; Lenzen er al. ,2018 and Heinonen´s et al., 2020) and the next chapter goes deeper into
these different principles.
3.1.1 Allocation principles
The different allocation principles used in this study have been discussed by Usubiaga and
Acosta-Fernández (2015) and Owen et al. (2016) as “territory and residence principles” and
also Lenzen et al. (2018) point out the same issue labeling them “residence-based accounting
(RBA)” and “destination-based accounting (DBA)” in the context of carbon footprint from
tourism. The definition of CBCF that is compatible with ACF could be “impacts of local
production minus impacts embodied in exports plus impacts embodied in imports” (e.g.
Wiedmann 2016, p.163), or “impacts of production for domestic consumption + impacts
embodied in imports” (e.g. Steininger et al., 2018). For PCF the most compatible CBCF
definition would be Heinonen’s et al. (2012) definition saying that the method allocates “to
a consumer the GHG emissions caused by his/her consumption regardless of the geographic
location of the occurrence of the emissions”.
Heinonen’s et al.(2020) review on CBCF studies also show that most of them fall under one
or the other approach and suggest labeling them Areal (instead of territory or destination)
and Personal (instead of residence) principles, and these are the definitions used in this study
as well. Areal carbon footprint (ACF) encompasses the CBCF of economic activities within
selected geographic borders, and the global production and delivery chain emissions of the
consumer goods and services, including the consumption of visitors and excluding exports.
It also usually includes capital formation, governmental consumption and other final demand
categories (Heinonen et al., 2020). Meanwhile, the personal carbon footprint (PCF) covers
consumption of the residents of the area regardless of where the consumption takes place,
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but excludes the consumption of visitors within the area in question and also the demand by
governments (Heinonen et al., 2020) These different allocation principles can lead to
different outcomes of results though both are defined as CBCF.
Since ACF allocates all emissions from final purchases, their global production and delivery
chain to the location of purchase, the emissions from all goods and services used within a
selected country or region are counted. This method doesn´t specially define the consumers
(or the importers and exporters) so it is not only the local residents that are the consumers
but also visitors and commuters who can impact the per-capita footprint to a significant
extent. It could also be that the local residents in some area largely make purchases outside
their location of residency.
PCF allocates all emissions from final purchases and their global production and delivery
chain to the residence of the consumer regardless of the location of final purchase. This
means that the activities of tourists are removed and reallocated to the country of residence
of the tourist while any purchases of residents abroad are added. This difference in allocation
principles is illustrated in Figure 1, how the demand of the residents can allocate to the same
region or elsewhere making the household consumption components different in the two
options.

Figure 1: Illustration of the differences between the two types of allocation principles areal and personal as
shown by Heinonen et al. (2020, pg. 10). In the figure GFCF means Gross Fixed Capital Formation and
NPISH Non-Profit Institutions Serving Households.

Much difference is in these two allocation principles as is shown above. This difference can
be seen the very clearly in a couple of categories especially. For example, in housing, if a
person owns a second home or cottage in different place than residency this would be
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allocated in the place of residency in PCF while it is allocated in the place of the second
home or cottage in ACF. Also in transport it is hard to allocate the air travel in ACF and the
ground transport within a certain area is often very different than only the driving of
residents. In PCF air travel emissions clearly belong to those flying, and in ground transport
similarly all emissions belong to those traveling regardless of where they travel. Government
consumption is also not just for residents, but in ACF belongs to the areal emissions, whereas
in PCF they are typically left out or become underestimated (Ottelin et al. 2019b). As for
capital goods it is for all the users of an area but also for production of exported goods and
could therefore be part of the embodied emissions of the exported goods (Södersten et al.
2018), but currently it belongs to the area in ACF and is left out from PCF.
The two allocation principles clearly lead to differences in the scopes of different studies,
and the results are not directly comparable to one another, therefore warranting further
research on the magnitudes of differences.

3.2 The input-output method
3.2.1 The basics of input-output analysis
This research utilizes the EE IO and CBCF methods that uses the IOA by integrating
monetary transactions in the national economy to environmental impacts and to the global
economy. In this chapter the method is explained in detail from the basics of the IO method
into the environmental extensions and multiregional models.
Input-Output Tables
When conducting an IOA the supply and use tables (SUTs) are usually applied. SUTs
provide a consistent framework for balancing national accounts and are developed by the
national economies using the System of National Accounts (SNA) or other similar
frameworks (Eurostat, 2008; Eurostat et al., 1993). SUTs basically contain total expenditure
from products and services bought and sold within an economic system and is described by
Eurostat (2008) like this: “Supply and use tables provide a detailed picture of the supply of
goods and services by domestic production and imports and the use of goods and services
for intermediate consumption and final use (consumption, gross capital formation, exports).”
The supply and use framework therefore, enables a detailed analysis of industries and
products and shows the structure of the cost of production and the income generated in the
production process. It shows the flow of goods and services produced within the national
economy as well as the flows of goods and services with the rest of the world (Eurostat,
2008).
SUTs are most often rectangular in shape since they have more products than industries,
most industries produce more than one product, for example, an electronic industry does not
only make one product but many different products ranging from computers to refrigerators
(Eurostat et al., 1993). SUTs are then usually transformed into symmetric input-output tables
(IOT) for economic analysis. When transforming the tables there are various assumptions
that need to be made and sometimes adjustments are required. These symmetric IOT can be
made on the basis of an industry by industry or on a product by product classification.
Figure 2 shows the transforming of SUTs into the symmetric IOTs which can be based on
four basic assumptions although showing four models in Figure 2 (A, B, C, D). Depending
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on whether a product or industry IOT is desired, most IOTs use Model B or D in order not
to get negative results (CREEA, 2013).

Figure 2: Transformation of a supply and use table (SUT) into an input-output table (IOT) (Eurostat, 2008,
pg 296).

This transformation results in a symmetric product-by-product or industry-by-industry IOTs
that are then used for further in-depth economic analysis. But since the transformation the
basis of an IOA is now subjected to an important assumption that differs based on the
technology or the structure chosen. In the EORA database and the Eurostat household budget
survey the Industry Technology Assumption (Model B) is utilized so it will be discussed
further here (Eurostat, 2008).
In the Model B it is assumed that each industry has its own specific way to produce
regardless of product mix (Eurostat, 2008). This causes the inputs to all secondary products
in the IOT being allocated based on the ‘typical’ product in the original SUT industry by
averaging the inputs to the primary (produced by that industry) and secondary products
(produced by another industry). This, in contrast to Model A, which assumes inputs are the
same for all products produced, brings more comprehensive category results for the
products. To see a more detailed explanation of the four assumptions, including worked
examples and mathematical treatment, review (Eurostat, 2008; Miller & Blair, 2009; Raa,
2005).
Basic Input-Output Analysis
Here in this section the fundamental basis of IOA is presented based on discussions by Kitzes
(2013), Miller & Blair (2009) and Raa (2005). Now to generalize the simple economy model
to any number of product categories where n products categories is considered in the
economy. The Z matrix is sized as n * n and Y and X are sized as n * 1. Also defining the
matrix components using matrix notation like in the simple example in Table 1, 𝑍12 = 4,
and also the generalized form for the second equation is 𝑎𝑖𝑗 = 𝑧𝑖𝑗 /𝑥𝑗 . For more on the
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background of matrix notation and algebra see (Miller & Blair, 2009). Here below is the
resulting economy model as it looks now:
𝑧11
𝒛 = [( ⋮
𝑧𝑛1

⋯ 𝑧1𝑛
⋱
⋮ )]
⋯ 𝑧𝑛𝑛
𝑦1
𝒀= [⋮]
𝑦𝑛

𝑧11 /𝑥1
𝑨 = [( ⋮
𝑧𝑛1 /𝑥1

⋯
⋱
⋯

𝑎11
𝑧1𝑛 /𝑥𝑛
⋮ )] = [( ⋮
𝑎𝑛1
𝑧𝑛𝑛 /𝑥𝑛

⋯ 𝑎1𝑛
⋱
⋮ )]
⋯ 𝑎𝑛𝑛

𝑥1
𝑿= [⋮]
𝑥𝑛

(3)

The generalized economy can still be represented in the form of Equation 1.
𝒁∗𝟏+𝒀=𝑿
The relationship between A and Z, (𝑎𝑖𝑗 = 𝑧𝑖𝑗 /𝑥𝑗 ) can be rearranged in terms of
Z,(𝑧𝑖𝑗 = 𝑎𝑖𝑗 𝑥𝑗 ) , to be substituted into Equation 1.
𝑨𝑿 + 𝒀 = 𝑿
Matrix algebra must then be used to rearrange both X matrices on the same side, and
rearrange again to solve for X if an inverse is assumed to exist, as shown below.
𝒀 = 𝑿 − 𝑨𝑿
𝒀 = (𝑰 − 𝑨)𝑿
𝑿 = (𝑰 − 𝑨)−𝟏 𝒀

(4)

The Leontief inverse matrix L is then defined as
𝑳 = (𝑰 − 𝑨)−𝟏

which is the matrix inverse of the difference between an identity matrix I (1s on diagonal,
0s elsewhere) and the co-efficient matrix A. This will be utilized further in a moment. For
now, L is substituted into Equation 4 to give
𝑿 = 𝑳𝒀

(5)

Equation 5 was developed for a given year for a national economy of n product sectors and
it describes the linear relationship between the total output of products needed to meet the
final demand and the final demand within the economy. This relationship can be used to
predict the output required if the final demand would change the following year. That is why
Equation 5 can be used to estimate the future total output if the scale assumption is assumed
to be valid and the product sectors have remained relatively unchanged between the base
and calculation year. This is used by economists to predict the changes required by producing
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sectors in the future in order to meet the final demand. As for all CF calculation methods the
IOA has some limitation that will be further discussed in Chapter 5.

3.3 Research design
In this chapter the research design is discussed. It will begin on the approach used in the
research, describing the process and how it was conducted. Then there is an impact
assessment made. The two databases used in this research are then described in detail.
3.3.1 Approach
This research makes use of the environmental extended MRIO (EE MRIO) method in
calculating the CBCF of European countries using two different databases, the global MRIO
EORA and the Eurostat household budget survey, EORA includes both the consumption
data and the environmental data, and Eurostat only the consumption data. So EORA’s MRIO
is used in gathering the GHG data for both ACF and PCF but the consumption expenditure
data comes from the two different databases. ACF uses the consumption data from EORA
while PCF has the consumption data from Eurostat HBS. Then the results of the annual 𝐶𝑂2 𝑒
GHG emissions from the year 2015 of those two databases is compared to each other for
each country used in the research seeing the difference in outcome of the two methods.
The data from 27 European countries is used, some of the European countries didn´t provide
data or had insufficient data. Data from the countries listed in Table 1.
Table 1: List of countries used in study

Austria
Belgium

Estonia
Finland

Bulgaria
Cyprus
Czech republic
Denmark

France
Germany
Greece
Hungary

Iceland
Italy

Netherlands Spain
Norway
Sweden
United
Latvia
Poland
Kingdom
Lithuania
Portugal
Luxembourg Slovakia
Malta
Slovenia

Since there is a difference in categories of the two allocation principles they are combined
into five major groups, Food, Housing, Transport, Tangible Goods and Services, which is
described in more detail in Chapter 3.3.4. Results from ACF and PCF are then compared to
each other by country in order to show difference.
3.3.2 Impact assessment
The EORA IO model contains data on a variety of environmental emissions for all applicable
consumption categories. Only the GHG emissions to air are considered in the CF
calculations in this thesis. The greenhouse gases included are 𝐶𝑂2, 𝑁2 𝑂, 𝐶𝐻4 , 𝑆𝐹6 , 𝑁𝐹3 and
a range of fluorocarbons. In this thesis, each type of GHGs is not specifically listed but is
only one value used for each category, 𝐶𝑂2 𝑒. The collection uses the IPCC 100yr Global
Warming Potential (GWP) method (IPCC, 2007). The global warming impact of the
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included gases over shorter (e.g. 20yr) or longer (e.g. 500yr) timeframes was not considered
in the analysis.
3.3.3 Databases
Two consumption databases that are used in this research are EORA26 and Eurostat
household budget survey. Here below will be a detailed description of each database.
EORA26
The EORA IO model is a global MRIO that was developed at the University of Sydney
(Lenzen et al., 2012; Lenzen et al., 2013b). It covers 189 specific countries and between 26
and 500 consumption categories per country. It is unique among current MRIO since it
includes five price layers, a continuous time-series from 1990 and onward, while also
containing uncertainty information for each data point in the database (Lenzen et al., 2012;
Lenzen et al., 2013b).
EORA is publicly available online however it does not come with a user interface or model
software so to run the full EORA IO model it needs concordance matrices between each
country’s different consumption categories, a large computing cluster and a strong
background in a general-purpose programming language such as Python or MATLAB. This
research therefore uses the EORA26 database which is a homogenized 26-category version
of the full EORA IO model with each country’s consumption categories aggregated to those
shown in Table 2.
Table 2: Consumption categories in the Eora26 database.

Consumption categories
1
2
3
4
5
6
7

14
15
16
17
18
19
20

Construction
Maintenance and Repair
Wholesale Trade
Retail Trade
Hotels and Restaurants
Transport
Post and Telecommunications

8

Agriculture
Fishing
Mining and Quarrying
Food & Beverages
Textiles and Wearing Apparel
Wood and Paper
Petroleum, Chemical and NonMetallic Mineral Products
Metal Products

21

9

Electrical and Machinery

22

Financial Intermediation and
Business Activities
Public Administration

10

Transport Equipment

23

11
12
13

Other Manufacturing
Recycling
Electricity, Gas and Water

24
25
26

Education, Health and Other
Services
Private Households
Others
Re-export & Re-import

The EORA26 product classification system is based on the International Standard Industrial
Classification of All Economic Activities Revision 3 (ISIC Rev.3) developed by the United
Nations Statistic Division. Since this system contains 99 broad product divisions and
multiple product categories per division, it has been simplified for the EORA26 to match
their categories as is seen in Appendix A.
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The IO model is created using four matrices. First of all is the transaction matrix Z (4915
rows x 4915 columns), which includes 26 consumption categories for all 189 countries (26
x 189 = 4914) in the world, plus a discrepancy column and row. Then the discrepancy values
are added to the total output vector X, they are otherwise not included in the analysis.
The next step is a final demand matrix Y (4915 x 1140) that includes the same row of labels
as Z. The columns represent the 189 countries with the six components of final demand (189
x 6 = 1134), plus a discrepancy entry for each component of final demand. These final
demand categories are Household Final Consumption, Non-Profit Institutions Serving
Households, Government Final Consumption, Gross Fixed Capital Formation, Changes in
Inventories and Acquisitions Less Disposals of Valuables, in line with the SNA reporting
structure (Eurostat et al., 1993). Like with the transaction matrix the discrepancy entries are
added to the total output X. In this study the focus will be on the Household Final
Consumption category since Eurostat HBS doesn´t include the other categories, but the
Government Final Consumption and Gross Fixed Capital Formation is also shown in the
main results in order to show the difference in the two methods.
The third step consists of the PB emissions matrix P (2481 x 4915), which includes the same
column labels as Z. The rows represent ‘emissions’ to the environment, which in EORA
includes a range of GHGs, particulates and other air quality type emissions, materials use
and water use. The majority of the broadly labelled emissions data is not used in this study
since only the total GHG emissions are used, measured in 𝐶𝑂2 𝑒𝑞. The fourth matrix is the
direct emissions matrix 𝑃𝑑𝑖𝑟𝑒𝑐𝑡 (2481 x 1140), it has the same row structure as the PB
emissions matrix P and the same column structure as the final demand matrix Y. 𝑃𝑑𝑖𝑟𝑒𝑐𝑡
contains the PB emissions released during a product’s use phase (e.g. motor fuel
combustion). EORA26 is constructed from six sources of data. They include IO/SUT data
from national statistics databases, IO data from Eurostat, OECD and IDEJETRO, the UN
Main Aggregates, National Accounts Official Data, Comtrade and Servicetrade databases
(Lenzen et al., 2013a).
In this study the EORA26 IO model from 2015 is used and it focuses on purchaser prices.
Conversions between currencies in the database use the IMF’s yearly historical exchange
rates for each year (Eora, 2019) since it is in $ it has been again converted to € using the
same exchange rate to enable the comparison of the consumption data of the two databases.
There is some inaccuracy in the data showing minus numbers which is highly impossible so
instead the minus numbers have been changed to not available (N/A) in the database, this
will be further discussed in Chapter 3.2.4.
Eurostat HBS 2015
The Eurostat‘s household budget survey is conducted by all EU member states, including
Iceland, Norway and Switzerland, around every five years. The main purpose of the survey
is to provide information about household final consumption expenditure on goods and
services plus information on income and some demographic and socio-economic
characteristics (European Communities, 2003). The HBS is not regulated by the EU and is
completely voluntary causing there to be a lot of freedom for the member state to decide the
objectives, methodology, programming and resource assignment for their respective HBS.
The information is gathered by questionnaires taken by a sample group in each country that
include various information about the family from income to spendings of the household.
The HBS microdata includes around 244,000 households in 25 countries, the data used in
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this study is from the supplementary information that provides sample sizes for each country
from the ‘Results by country’ section. The data is classified according to the UN‘s COICOP
classification (Classification of Individual Consumption by purpose). The HBS
methodology uses the four-level COICOP-HBS that divide into 12 main divisions of
consumption expenditure as seen in Table 3.
Table 3: The twelve main categories of consumption expenditure in the HBS (European Communities, 2003).

HE01
HE02
HE03
HE04
HE05
HE06
HE07
HE08
HE09
HE10
HE11
HE12

COICOP-HBS main categories
Food and non-alcoholic beverages
Alcoholic beverages, tobacco and narcotics
Clothing and footwear
Housing, water, electricity, gas and other fuels
Furnishings, household equipment and routine household maintenance
Health
Transport
Communication
Recreation and culture
Education
Restaurant and hotels
Miscellaneous goods and services

The COICOP is built with a hierarchical structure that consists of four levels as stated above.
The Eurostat HBS uses 12 divisions, although the COICOP has now 15 divisions (United
Nations, 2018). These 12 divisions are made of groups that are formed from classes and
subclasses as shown in Figure 3.

Clothing materials

Clothing materials

Clothing

Subclass 03.1.1.0

Class 03.1.1

Clothing and
footware

Group 03.1

Division 03

Figure 3: COICOP 4 level hierarchical structure, starting from the subclass to the main division with the
coding system, reproduced from United Nations (2018).

Since the two classes in the structure are only available from the micro data, the divisions
and their groups will be the focus in this study. Look at Table 4 for the divisions and groups
used by Eurostat HBS.
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Table 4: Categories used by the Eurostat HBS (European Communities, 2003).
COICOP-HBS Category
COICOP-HBS
Food and non-alcoholic
HE07.3
HE01
beverages
Food
HE01.1
HE08
Non-alcoholic beverages
HE01.2
HE08.1
Alcoholic beverages, tobacco
HE08.2
HE02
and narcotics
Alcoholic beverages
HE02.1
HE08.3
Tobacco
HE02.2
HE09

HE02.3

Narcotics

HE09.1

HE03

Clothing and footwear

HE09.2

HE03.1

Clothing

HE09.3

HE03.2

Footwear

HE09.4

HE04
HE04.1
HE04.2
HE04.3
HE04.4
HE04.5
HE05
HE05.1
HE05.2
HE05.3
HE05.4
HE05.5
HE05.6
HE06
HE06.1
HE06.2
HE06.3
HE07
HE07.1
HE07.2

Housing, water, electricity, gas
and other fuels
Actual rentals for housing
Imputed rentals for housing
Maintenance and repair of the
dwelling
Water supply and miscellaneous
services relating to the dwelling
Electricity, gas and other fuels
Furnishings, household
equipment and routine
household maintenance
Furniture and furnishings, carpets
and other floor coverings
Household textiles
Household appliances
Glassware, tableware and
household utensils
Tools and equipment for house
and garden
Goods and services for routine
household maintenance
Health
Medical products, appliances and
equipment
Out-patient services
Hospital services
Transport
Purchase of vehicles
Operation of personal transport
equipment

HE09.5
HE09.6
HE10
HE10.1

Category
Transport services
Communication
Postal services
Telephone and telefax
equipment
telephone and telefax services
Recreation and culture
Audio-visual, photographic
and information processing
equipment
Other major durables for
recreation and culture
Other recreational items and
equipment, gardens and pets
Recreational and cultural
services
Newspapers, books and
stationery
Package holidays
Education
Pre-primary and primary
education

HE10.2

Secondary education

HE10.3

Post-secondary non-tertiary
education

HE10.4

Tertiary education

HE11
HE11.1

Education not definable by
level
Restaurant and hotels
Catering services

HE11.2

Accommodation services

HE12

Miscellaneous goods and
services

HE12.1

Personal care

HE12.2

Prostitution; other services
n.e.c.

HE12.3

Prostitution

HE12.4
HE12.5
HE12.6
HE12.7

Personal effects n.e.c.
Social protection
Insurance
Financial services n.e.c.

HE12.8

Other services n.e.c.

HE10.5
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Although the aim of the EU is to harmonize the HBSs (regarding the used variables, survey
methods, and survey years), it is acknowledged that there are still differences in data
collection and processing between the countries (Eurostat, 2018).
3.3.4 Modification of data
The two databases used different currency for their consumption data so in order to make
the data comparable between the two databases, the currency of the EORA consumption data
was changed from $ to € to match the Eurostat HBS consumption data. The decision to use
Euro instead of US dollar was made since the majority of the countries used in the study
have the Euro currency. As well were categories in the Eurostat HBS modified to match the
consumption-based GHG-intensity from the EORA IO model. Both tables contained a
number of large negative entries for some of the countries so the negative numbers were
slightly modified, these changes are as shown below in chapters on modification on each of
the databases.
EORA26
Since the EORA26 database is released in $, both in the IOTs and also the GHG-intensity
tables, the currency was changed using IMF’s yearly historical exchange rates. The average
exchange rate for the year 2015 was used as shown here below:
$𝟏 = €𝟎, 𝟗𝟎𝟏𝟕
The IOTs also contained a number of large negative entries for some of the countries. These
negatives were listed as not available (N/A) in order to make the table more accurate since
the negatives do not represent correct results. EORA is a cradle-to-gate model and therefore
all domestic combustion of fuels is inherently left out. Although private car fuels are
considered important enough to be added separately, but other possible domestic combustion
was not added (like gas in some countries). So in order to get the correct information on fuel
consumption the combustion of the fuel was also added, which was found using the average
purchasing prices of gasoline of 2015 from each country. It was assumed that diesel and
petroleum do not need to be separated for the purpose of this study.
Eurostat HBS
To calculate the 𝐶𝑂2 𝑒𝑞 from the Eurostat HBS the consumption-based GHG-intensity from
the EORA database was used. Since the categories in the databases are different, the
categories in Eurostat HBS were matched to the EORA consumption-based GHG-intensity
to calculate 𝐶𝑂2 𝑒𝑞 based on the Ottelin et al.(2019b) paper, this can be seen in Table 5.
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Table 5: Matching of the Eora GHG categories to the Eurostat COICOP HBS (Ottelin et al., 2019b).

Eora 26 GHG-intensities
Agriculture
Fishing
Mining and Quarrying
Food & Beverages
Textiles and Wearing Apparel
Wood and Paper
Petroleum and Chemical Products
Metal Products
Electrical and Machinery
Transport Equipment
Other Manufacturing
Recycling
Electricity, Gas and Water
Construction
Maintenance and Repair
Wholesale Trade
Retail Trade
Hotels and Restaurants
Transport
Post and Telecommunications
Financial sector
Public Administration
Education, Health and Other
Services
Private Households
Others
Re-export & Re-import

Eurostat COICOP HBS

HE01, HE02
HE03, HE12.4
HE09.5
HE07.2
HE05.3, HE05.5, HE09.1, HE09.3
HE07.1, HE09.2
HE05
HE04.5
HE04.3, HE04.4, HE07.2

HE11, HE09.6
HE073
HE08
HE04.1, HE04.2

HE06, HE10, HE12, HE09.4

There were only a few instances of negative entries and these were transformed as in the
EORA database, where negatives are changed to N/A. The categories presented above for
both EORA and Eurostat have been combined into five major groups, Food, Housing,
Transport, Tangible goods and Services, as is shown in Table 7 where ACF represent the
EORA categories and PCF the Eurostat categories. These major groups are based on similar
research done by Ottelin et al. (2019b), with some minor changes according to the purpose
of this research.
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Table 6: ACF or the Eora categories and PCF or Eurostat HBS categories diveded into five major groups

Major Groups
Transport

Housing

ACF
Petroleum, Chemical and NonMetallic Mineral Products

PCF
Transport

Transport Equipment
Transport

Purchase of vehicles
Transport services
Other major durables for
recreation and culture
Package holidays

Mining and Quarrying

Electricity, gas and other fuels

Electricity, Gas and Water

Housing

Construction

Water supply and miscellaneous
services relating to the dwelling

Financial Intermediation and
Business Activities
Food

Agriculture
Fishing

Food and non-alcoholic
beverages
Alcoholic beverages, tobacco
and narcotics

Food & Beverages
Tangible goods

Textiles and Wearing Apparel
Wood and Paper

Metal Products

Electrical and Machinery
Other Manufacturing

Services

Wholesale Trade
Retail Trade
Private Households
Recycling
Maintenance and Repair
Hotels and Restaurants
Post and Telecommunications
Public Administration
Education, Health and Other
Services
Others
Re-export & Re-import
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Clothing and footwear
Furnishings, household
equipment and routine
household maintenance
Audio-visual, photographic and
information processing
equipment
Other recreational items and
equipment, gardens and pets
Newspapers, books and
stationery
Personal effects n.e.c.

Health
Communication
Recreation and culture
Recreational and cultural
services
Education
Restaurant and hotels
Miscellaneous goods and
services

4 Results
In this chapter the results from this study will be presented. It will start with going through
the main findings in calculations looking at the total consumption-based carbon footprint of
the European countries used in the study in both ACF and PCF. Then it will go more deeply
into the major groups and the difference of results of ACF and PCF of each country. The
explanation for the difference in ACF and PCF is presented whether it be a difference caused
by methodological issues or potentially caused by errors in the data.

4.1 Areal and personal carbon footprints in
European countries
The total consumption-based carbon footprint differs between areal and personal in one
major way since the ACF includes both Government Final Consumption and Gross Fixed
Capital Formation while PCF only include the household final demand as is shown in Figure
4. The results are shown in tons of t𝐶𝑂2 𝑒 per capita for each country.
Luxemburg has the highest 𝑡𝐶𝑂2 𝑒 both for ACF and PCF, reaching over 37 𝑡𝐶𝑂2 𝑒 per capita
in the total ACF and around 13.5 𝑡𝐶𝑂2 𝑒 per capita in PCF or 64% lower than the ACF, which
is also the biggest difference of the two methods in one country. All of the countries in the
study score higher 𝑡𝐶𝑂2 𝑒 in ACF than PCF when the Government Final Consumption and
Gross Fixed Capital Formation is included.
The Household Final Consumption component, blue in Figure 4, should reveal the
differences in the allocation of private consumption between home country and foreign
countries following the definitions presented in 3.2.4. Countries with high numbers of
incoming visitors should show high household consumption in ACFs, but PCFs should not
be affected by visitor consumption. Looking only at this Household Final Consumption
component, Denmark, Estonia, Finland, Greece, Iceland, Lithuania, Luxembourg and
Sweden all have over 10 𝑡𝐶𝑂2 𝑒 in ACF. Denmark, Estonia, Iceland and Luxembourg also
have over 10 𝑡𝐶𝑂2 𝑒 in Household Final Consumption in PCF. Bulgaria, Hungary, Malta,
Norway, Slovakia, Slovenia, Spain and Sweden all have under 5 𝑡𝐶𝑂2 𝑒 in Household Final
Consumption in PCF.
From here on, the study only focuses on the Household Final Consumption for both ACF
and PCF. Looking at the results, they show that majority of the countries have higher ACF
than PCF with the exception of Cyprus and Iceland. This can be explained by the
methodological difference of the two approaches. ACF takes into account all of the
purchases happening within an area regardless of if they are residents of that area while the
PFC accounts for the purchases of the consumer regardless of where the purchase was made,
so in theory ACF should be higher than PCF if there is more consumption of visitors than
what residents consume elsewhere. In the case of Iceland, which had around 1,289,100
visitors (Statista research department, 2020a) in 2015, almost four times the population, the
result found in this study would be impossible so there must be faults in the data since
Iceland’s ACF is at 10.5 𝑡𝐶𝑂2 𝑒 while the PCF is 15% higher at 12.3 𝑡𝐶𝑂2 𝑒. The same goes
for Cyprus where the ACF and the PCF for Cyprus stands at approximately 9 𝑡𝐶𝑂2 𝑒 making
it almost equal for both allocation methods only having a 1% difference. In 2015 Cyprus had
around 2.3 million visitors (Statista research department, 2020b), which is almost triple the
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population making it unlikely that residents of Cyprus have consumed more elsewhere than
visitors
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Figure 4: Shows the total consumption-based carbon footprint of 28 European countries in both areal carbon footprint and personal carbon footprint. Areal carbon footprint is
divided into Household Final Consumption, Government Final Consumption and Gross Fixed Capital Formation. The green line in the graph represents the expenditure per capita
in euros for PCF and the yellow line is the expenditure of ACF per capita in euros. The countries are shown with the same country code as is used in the EORA global MRIO
(EORA, 2019).
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have in Cyprus since outbound travelers from Cyprus in 2015 were only around 1.1 million
(Statista research department, 2020c). This highly suggests faults in data from these two
countries likely due to missing allocation of expenditures since the intensities for both
counties seem reasonable. All the other counties in this study have higher ACF than PCF
which supports the theory of the study.
The difference in ACF and PCF varies a lot between countries, from 8% to 56% higher ACF
than PCF. Sweden has the highest difference and it is likely due to an overestimate in Retail
Trade that counts over 4 𝑡𝐶𝑂2 𝑒 compared to 0.5 t𝐶𝑂2 𝑒 in Finland. Both the intensities and
expenditures seem to be off in the Retail Trade category in ACF of Sweden, which is the
likely cause of this huge gap in the two methods.
Figure 4 also shows the expenditure per capita for both of the methods per capita. It aligns
mostly to the 𝑡𝐶𝑂2 𝑒 of the counties, except in the case of Norway which has a lot higher
expenditure than 𝑡𝐶𝑂2 𝑒 in both ACF and PCF, in theory this would mean a very low local
energy GHG-intensity and high share of local production for local consumption. But in the
case of Norway this is very unlikely since other studies give higher estimates for the CF of
Norway, for example, in Isaksen and Narbels (2017) study the average per capita carbon
footprint of around 12.2 t𝐶𝑂2, and in study done by Kerkhof et al. (2009) 13.6 t𝐶𝑂2 per
household, much higher than the results of this study show. This big gap is likely due to
some data problem in the intensity levels for Norway. Expenditure in ACF is most often
higher than in PCF same as the 𝑡𝐶𝑂2 𝑒. The average difference is 28.5% higher ACF than
PCF in all the countries except Iceland that has higher in PCF than ACF. For the expenditure
Iceland has also higher PCF than ACF analogously to the 𝑡𝐶𝑂2 𝑒 results but for some reason
United Kingdom also has expenditure higher in PCF than ACF in contradistinction to the
𝑡𝐶𝑂2 𝑒. In the next chapter the results will be looked at in more comprehensively, divided by
the main categories.
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4.2 Carbon footprint by categories
This chapter will portrait each of the major groups as presented in Table 8 and show the
difference of areal and personal carbon footprint. The reasons for the differences will be
discussed from the perspective of the methodological approach differences between the two
methods.
4.2.1 Food
Food is one of the major groups presented in Table 7 and includes foods, non-alcoholic
beverages and alcoholic beverages. In Figure 5 the total of 𝑡𝐶𝑂2 𝑒 for Food of each country
is presented in both ACF and PCF. The darker blue on the left side of each country represents
ACF while the lighter blue on the right represents PCF.
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Figure 5: Shows the total 𝒕𝑪𝑶𝟐 𝒆 for Food consumption in each European country calculated by using ACF and PCF.

Food includes only food purchases from grocery stores, whereas restaurants and other food
services are allocated to Services (Section 4.2.4). Therefore, the Food category should not
be heavily affected by visitors. Trips away by the locals reduce local grocery store food
purchases, and these two issues together might, at least in theory, explain why in Food PCF
could be higher than ACF, as is found for several countries (Figure 5).
The results vary from 0.6 𝑡𝐶𝑂2 𝑒 in Latvia PCF up to 6 t𝐶𝑂2 𝑒 in Estonia both in ACF and
PCF. The 𝑡𝐶𝑂2 𝑒 is in higher in ACF for 68% of the countries with the exception of Belgium,
Bulgaria, Cyprus, Iceland, Italy, Netherlands and Sweden where PCF is higher.
Theoretically this would mean that the residents purchase food from neighboring countries
more than visitors within these countries, but it is more likely explained by data errors. In
Food the differences in diets is not important enough to explain very high differences that is
presented in this study.
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Estonia is showing suspiciously high numbers in both ACF and PCF that are due to the
extremely high intensities in food, agriculture and fishing. Estonia should be near Latvia in
𝑡𝐶𝑂2 𝑒 being neighboring countries with similar habits of consumption. Given the high
intensity level numbers form Estonia the results are likely to be very misleading. It can be
seen in other studies that the CBCF is far less than this study shows (Hertwich and Peters;
Poom and Ahas, 2016). When looking at the study done by Poom and Ahas (2016) where
they use the 2012 dataset of the Estonian household budget survey in calculating the CBCF,
they conclude that in the year 2012 the 𝑡𝐶𝑂2 𝑒 per capita is 3.9t and Food to be 14% of that
sum. That is way below the results of this study having around 6 𝑡𝐶𝑂2 𝑒 in both ACF and
PCF suggesting that intensity levels are wrong. It is also likely that at least Greece and
Poland have too high numbers as well. It is very unusual that the lower income countries are
showing the highest footprints.
The average difference between ACF and PCF is 0.5 𝑡𝐶𝑂2 𝑒 with only Lithuania, Poland and
Slovenia having over 1 𝑡𝐶𝑂2 𝑒 of a difference, being with an average of 1.5 𝑡𝐶𝑂2 𝑒 higher
ACF than PCF.
4.2.2 Housing
The total 𝑡𝐶𝑂2 𝑒 for Housing of each country using both ACF and PCF is shown in Figure
6. ACF is presented in a darker orange color on the left while PCF is presented in lighter
orange color on the right. Housing is calculated by combining the major categories related
to housing expenses as listed in Table 8.
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Figure 6: Shows the total 𝒕𝑪𝑶𝟐 𝒆 for Housing expenditure in each European country calculated by using ACF and PCF

The results show that ACF is higher for majority of the countries, or 63%, but the differences
are relatively small. This lack of difference could be due to the fact that the Housing category
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doesn’t necessarily have much of a foreign component. Housing is quite bound to an area
unless a person from one county, for example, owns a property in another, then in PCF the
housing would fall under the country of residence but in ACF it would go under the country
of the property. Overall, the emissions in the Housing category are remarkably low, and
significantly lower than those reported by Ivanova et al. (2016) and Hertwich and Peters
(2009) for the same countries. This might be explained by the direct IO calculation, which
omits the direct emissions of domestic heating and cooking fuel combustion, but also by
energy payments often being embedded in other housing payments and therefore not
allocating correctly to energy sectors (see Heinonen et al. 2020 and Ottelin et al. 2019b for
further discussion).
Although the difference in ACF and PCF of Housing is not significant or only 0.1 𝑡𝐶𝑂2 𝑒 on
average for all the countries. Sweden has the largest difference: ACF 0.25 𝑡𝐶𝑂2 𝑒 (39%)
higher than the PCF. Other visible differences of allocation methods is Luxembourg which
has over 0.4 𝑡𝐶𝑂2 𝑒 (23.5%) higher PCF than ACF. This might indicate residents having
housing in other countries as well as in Luxembourg. Overall there is not much difference
in the two allocation methods. But it is pretty suspicious here that there is so little correlation
with the grid energy GHG-intensity in this sector.
4.2.3 Transport
Transport accounts for 14% of global GHG emissions (IPCC, 2014) and 23% of total GHG
emissions in the EU (Eurostat, 2017). In this study, Transport is one of the biggest categories
having high levels of 𝑡𝐶𝑂2 𝑒 and with ACF and PCF allocating the emissions significantly
differently. In Figure 7 the ACF and PCF of each country in Transport is portrayed, as well
is the direct and indirect components shown, direct fuel emissions is in dark yellow while
indirect emissions is light yellow. The direct emissions represent the fuels and the
combustion of fuels is included there.
Theoretically the two methods could lead to very different outcomes in Transport. In
countries where a significant number of workers reside in a neighboring country, such as
Luxembourg, the fuel use of these visitors could potentially add a substantial amount to
ACF, and similarly reduce the ACF of the home countries. Again PCF should not be affected
by this, but it is also possible that not all fuel purchases enter the expenditure statistics
utilized in the PCF calculations. In some cases it might also be that cars or fuels are much
cheaper in a neighboring country and therefore their ACF goes up as the result of additional
purchases by visitors or even by “fuel tourists”.
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Figure 7: Shows the total t𝑪𝑶𝟐 𝒆 for Transport expenditure in each European country calculated by using ACF and PCF as well as the direct and indirect components, direct
component being the fuel, and fuel combustion while indirect is composed of other transport related emissions.
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The ACF in Transport is always higher than the PCF except in Iceland and Latvia. The
difference there is small and might be caused by faults in data collection, which is quite
likely the case. The average difference in total is 1.4 𝑡𝐶𝑂2 𝑒 with Lithuania having the most
difference or 3.5 𝑡𝐶𝑂2 𝑒 higher ACF than PCF. Luxembourg has the highest carbon footprint
or 8.6 𝑡𝐶𝑂2 𝑒 in ACF and 5.7 𝑡𝐶𝑂2 𝑒 in PCF. These high numbers in ACF is likely due to the
fact that Luxembourg is a small country with many residents in nearby counties traveling
there for work and fuel purchases might rise in the area even though combustion would not
happen in Luxembourg.
Looking at the direct and indirect emissions it is clear that the direct emissions are quite
higher than the indirect. They are somewhat higher than other researchers suggest, but
Ivanova et al. (2016) average direct emissions to be around 80%. Iceland on the other hand
does not follow that trend having much higher indirect emissions, though Iceland has a lot
of green energy these results are highly unlikely to add up. In a research done by Clarke et
al. (2017) it shows that for Iceland, the transport consumption category is divided
approximately 50% direct and 50% indirect emissions.
The main contributor to the Transport sector is the motor fuels as can be seen in Table 8
where the percentages of motor fuel are listed for each country. The average percentage for
fuels in ACF is 85% and 83% for PCF leaving a quite similar average. The lowest percentage
for fuels is presented in the case of Iceland’s ACF having only 23% fuels in the Transport
sector. Iceland’s percentage of fuels in PCF is also quite low or 63% with only Bulgaria
being lower at 45% of fuels in the Transport sector.
Table 7: The percentage of motor fuels of the Transport sector for both ACF and PCF.

Austria
Belgium
Bulgaria
Cyprus
Czech republic
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Italy

ACF
88%
89%
60%
74%
90%
95%
85%
94%
91%
83%
97%
86%
23%
93%

PCF
83%
83%
45%
80%
81%
86%
85%
90%
92%
75%
89%
89%
63%
93%

Latvia
Lithuania
Luxembourg
Malta
Netherlands
Norway
Poland
Portugal
Slovakia
Slovenia
Spain
Sweden
United Kingdom

ACF
81%
97%
81%
87%
89%
92%
92%
93%
85%
90%
85%
92%
79%

PCF
91%
96%
78%
90%
86%
88%
86%
92%
71%
88%
79%
89%
70%

These numbers might indicate how fast the car fleet turnover rate is , for example, when a
car is purchased in another country that has lower taxes on them, also in some cases it
could relate to “fuel tourism” when residents go over the border to buy fuel at lower price.
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4.2.4 Tangible Goods
In Figure 8 the Tangible Goods group’s 𝑡𝐶𝑂2 𝑒 is shown for each country, ACF in darker
gray on the left while PCF is shown in light grey on the right. In consumption of tangible
goods in all countries there is a higher ACF than PCF suggesting that the foreign component
of purchases plays a big part and a lot of purchases of tangible goods are likely made abroad,
and that visitors from outside the studied countries increase their ACFs with their spending
during the visits. It is unclear how ACF allocates the emissions relating to personal online
purchases from other countries.
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Figure 8: Shows the total t𝑪𝑶𝟐 𝒆 for the consumption of Tangible Goods within each European country calculated by
using ACF and PCF.

The average difference is around 1 𝑡𝐶𝑂2 𝑒. Sweden has the highest ACF at 5.5 𝑡𝐶𝑂2 𝑒 that is
almost 90% higher than the PCF which is 0.6 𝑡𝐶𝑂2 𝑒, this is difficult to explain in any other
way than with it resulting from errors in the ACF data in the Retail Trade, which has highly
suspicious results for some reason. It also seems to be likely there is some data error in the
ACF for Iceland and Luxembourg which like Sweden show a large difference in ACF and
PCF. Cyprus, Germany, Greece, Iceland, Lithuania and Luxembourg also all have over 1
𝑡𝐶𝑂2 𝑒 higher ACF than PCF. All other countries have a significantly higher ACF than PCF
likely due to the methodological differences. The fact that AFC includes the foreign
component should result in higher ACF than PCF which can clearly be seen in the Tangible
Goods sector.
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4.2.5 Services
The Service sector shows 𝑡𝐶𝑂2 𝑒 from services of each county, ACF in darker green on the
left and PCF in light green on the right.

Services
2,5

t CO2e per capita

2

1,5

1

0,5

0

ACF

PCF

Figure 9: Shows the total 𝑡𝐶𝑂2 𝑒 for the expenditure of Services within each European country calculated by using ACF
and PCF.

Theoretically it was expected that similarly with Tangible Goods, the ACFs would be higher
in Services in countries with high amounts of visitors, and that PCFs would be higher only
in such rare cases where the residents spend more on services abroad than visitors within
their country. However, as shown in Figure 9 this is not the case. Services is actually the
only sector that has around half of the counties, or 13, that are higher in PCF than ACF, but
it cannot be known if this is due to errors in the data or because of spending patterns without
further research. Only for Greece, Spain and Luxembourg the ACFs are significantly higher,
which follows the theory as all these countries host high amounts of foreign visits. With all
the others the ACFs and PCFs are close to one another, or PCFs higher, which should only
be the case if few visitors came in and the residents spent significant amounts on services in
other countries.
There are three countries that stand out in Figure 9 and are over the 2.5 𝑡𝐶𝑂2 𝑒 mark in the
figure, Cyprus, Iceland and Luxembourg. Luxembourg has the ACF of 5.7 𝑡𝐶𝑂2 𝑒 or 61%
higher than the PCF. Iceland and Cyprus on the other hand have higher PCF than of ACF.
Cyprus has over 70% higher PCF than ACF or almost 6 𝑡𝐶𝑂2 𝑒. That huge difference comes
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from the Hotels and Restaurants sector, expenditure in ACF being 437,028 € while PCF is
2,233,200 €, this difference in the same sector is impossible which means that the data is
incorrect, likely in the ACF since, when compared to other countries, the expenditure in
Hotel and Restaurants is much higher per resident. The same goes for Iceland which also has
a much higher expenditure in Hotels and Restaurants of PCF and seems to also have data
problems in ACF underestimating the sector by a lot. Other than data problems causing this
big difference, it could be related to the fact that these two countries are both with low
population and are known for being high in tourism. Although it is unlikely that this alone
could cause as much difference as the results show. The other countries have similar ACF
and PCF with the average of 1 𝑡𝐶𝑂2 𝑒 and not a significant difference between ACF and
PCF.
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5 Discussion
In this chapter the results are discussed in relation with previous studies and literature and
the conclusion of the thesis. It will start off going through the main findings of the study in
connection to the research question and then move on the positioning among previous
literature. Then there is the evaluation of the study, discussing the main limitations of the
study and uncertainties. Moving on to suggestions for further research in the field and ending
in the conclusion of this thesis.

5.1 Main findings
In the beginning of the thesis the two questions are asked which are: what are the differences
in the two different allocation principles, personal and areal, in calculating consumptionbased carbon footprint, and how the levels and composition varies between the two
allocation principles in different countries.
ACF method uses the expenditure of a certain area in calculating the CBCF regardless of
residency of the users while PCF uses the consumption of residents to calculate the CBCF
regardless of point of purchase. This leads to difference in results of the two methods as can
be seen in the results where ACF for almost all of the countries results in higher emissions
of 𝐶𝑂2 𝑒 than PCF. Although only the personal consumption component is used, ACF is
mostly higher than PCF. ACF includes important consumption components not belonging
to PCF, which is that visitors bring in more consumption than what residents consume
elsewhere. There are only two countries that have higher PCF than ACF, which are Cyprus
and Iceland, with the biggest difference in the Services category for both, likely caused by a
data problem in the ACF since the expenditure of the Service category is severely
miscalculated as is shown in 4.2.5.
The results from the study are divided into five different categories to see the difference
between the two allocation principles. In the Food category there are a few countries that
have significantly higher ACF than PCF, which suggests that the foreign component is quite
high in those places. For countries like Czech Republic, Lithuania, Poland and Slovakia that
have perhaps lower prices of groceries than neighboring countries, it suggests these countries
are attracting visitors for the purpose of buying groceries. Looking at the Housing category
the results show that ACF is higher for the majority of the countries but there doesn’t seem
to be a significant difference of the two allocation principles. The lack of difference is likely
caused by the fact that the Housing category doesn’t necessarily have much of a foreign
component since housing is quite bound to an area. Interestingly, Luxembourg has quite
higher PCF than ACF in Housing indicating residents having housing in other countries as
well as in Luxembourg.
The Transport category is, as expected, the biggest category of the five in terms of emission
quantity. There can be seen a remarkable difference in ACF and PCF, with ACF in almost
all cases being relatively higher than the PCF. It is possible that not all fuel purchases enter
the expenditure statistics utilized in the PCF calculations resulting in the difference, and also
that the fuel use of these visitors could potentially add a substantial amount to ACF. For
example in some cases it might be that cars or fuels are much cheaper in a neighboring
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country and therefore their ACF goes up as the result of additional purchases by visitors or
even by “fuel tourists”. Air transport is also accounted for differently between ACF and PCF.
PCF does include personal air travel, though there is underreporting in many countries, and
ACF relies on national accounts of air travel including the businesses placed within the
country. This difference in allocation of air travel leads to very different results.
Tangible Goods is in all cases higher in ACF than in PCF likely due to the methodological
differences of the allocation principles. Since AFC includes the foreign component it should
result in higher ACF than PCF, which can clearly be seen in the Tangible Goods sector. This
should also be the case for Services, but in actuality the results show Services to be the only
category with more counties having higher PCF than ACF, indicating errors in the data. In
theory Services should be similar to Tangible Goods with ACF higher than PCF.
So, one of the main differences in the two allocation principles is the foreign component as
can be seen from going over the results. ACF is more likely to give higher 𝐶𝑂2 𝑒 due to the
fact it allocates not only the consumption of the residents but also the visitors of an area.
Therefore using these different allocation methods leads to different results although they
both fall under the same description of CBCF, this shows that there is a need for a better
distinction of CBCF studies to increase their accuracy.

5.2 Positioning among previous literature
There has not been done any other comparisons on the two allocation methods to the author’s
knowledge although quite many studies have been conducted on CBCF around the world.
CBCF studies fall mostly under being ACF or PCF (or hybrid of both) based on the
allocations of expenditure. So in comparing this study to previous literature, three studies
that either fall under ACF or PCF concept are looked at.

Comparison of results of ACF
40,0
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Kg CO2e per capita

30,0
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This study

Ivanova et al.(2016)

Hertwich & Peters (2009)

Figure 10: Shows results from this study, in green, in comparison to other studies, Ivanova et al. (2016) in
blue and Hertwich and Peters (2009) in yellow.
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Looking at the results of other ACF studies in comparison to the results of this study it can
be seen that they are to some degree in line with the results of this study (see Figure 10).
Belgium, Denmark, Estonia, Finland, Lithuania and Sweden have quite a difference in
results from the other studies. It is unknown what causes this big difference of these countries
but it should be noted.
Otherwise the results of this study are similar to the other results, but the scope of the other
studies are similar to the ACF of this study although they use a different MRIO model and
have data from other years. Hertwick and Peters (2009) used the Global Trade Analysis
Project (GTAP) database version 6 as the basis for the MRIO table in their study with data
from 2001. Ivanova et al. (2016) used Exiobase MRIO model in their study with data from
2007. As in the other two studies the transportation category is one of the largest 𝐶𝑂2 𝑒
contributors. In this study it was clear that the direct emissions was quite higher than the
indirect emissions, but they were somewhat higher than Ivanova et al. (2016) found in their
study where the average direct emissions was shown to be around 80% in transportation.
In calculating the PCF in this study the method was based on a study done by Ottelin et al.
(2019b). As in this study they used the Eurostat HBS for consumption expenditure and the
consumption-based GHG-intensities from the EORA model. The same method was used in
this study in matching the sectoral intensities with the COICOP sectors in the Eurostat's
HBS, with comparing the Household Final Consumption between EORA and the HBS. The
main difference of the two studies is that Ottelin et al. (2019b) added the combustion-phase
emissions of motor fuels, air travel and housing energy to the carbon footprint model. In this
study only the combustion-phase emissions of motor fuels were included.
In a review on policy implication of CBCF studies by Ottelin et al. (2019a) they pointed out
unique features that the consumption-based perspective can bring to policy discussion.
There was mentioned the responsibility of emissions, awareness of rebound effects,
sustainable consumption and lifestyles, and tailored policies for different population
segments. CBCF literature reveals limitations and challenges, e.g. in carbon pricing policies
and technological solutions, that cannot be captured by PBA alone, showing the importance
of including the CBA in policymaking. Substantially wealthy cities or nations could benefit
from adopting CBA to see and take responsibility of emissions that are driven by their
demand but take place outside their territorial boundaries (Wiedmann et al 2015, Afionis et
al 2017). Current national carbon pricing policies can lead to increased consumption of
imported goods, which can have high embodied emissions not accounted for in the PBA
(Peters and Hertwich 2008) as well as the technological investments (e.g. new infrastructure)
that require imported products, whose embodied emissions are not accounted for in PBA
(Ramaswami et al 2012).

5.3 Evaluation of study
This study was done using databases from EORA and Eurostat from the year 2015. The
study does not cover all of the countries in Europe due to lack of data from some countries
as well as some countries having data problems. This does though not affect the study in a
major way since the purpose of the study is only comparing the two datasets not using the
data from an individual country or comparing the results from different countries. The
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weaknesses of the study are mostly related to the datasets used and the ACF and PCF
allocation principles so in the next section is an overview of the limitations to ACF and PCF.
5.3.1 Limitations in ACF and PCF
As for every accounting method there are some limitations to both ACF and PCF. Before
going through those limitations we will go over the general limitations of IOA since that
relates to both methods. The limitations to environmental IOA in general relate to how well
the method reflects each consumer purchases environmental impact intensity. In this study
the IO method is used by having consumer expenditure as a proxy for physical goods
demanded to allocate the GHG emission directly to the consumer. The IOA is able to cover
an infinite number of production stages in an effective way but still there are some
uncertainties.
With the MRIO the uncertainties that mostly come up are: source (survey) data uncertainties,
imputation and balancing errors, product sector aggregation errors, the fixed technology or
sales assumption, constant returns to scale and price-based errors, allocation model inputs,
and multipliers (Wilting, 2012; Lenzen, 2001, Wiedmann, 2009b).
The EORA26 database comes with its own limitations as well as the basic limitations related
to MRIO as listed above. It has been stated by the researchers who developed EORA that
EORA26 is provided ‘as is’ with no additional supporting documentation other than what is
available online (Eora, 2019). The EORA26 database used in this study is also to be of ‘lower
quality’ than full EORA, presumably due to the high level of aggregation and increased
number of assumptions around product allocation. For the consumption data and the
consumption-based GHG-intensity data in the EORA IO model there were some negative
values which were marked as N/A in the data in order to give more logical results. According
to EORA the negative values are generally small and occur in small sectors, so it depends
on the application if it may be safe to ignore them. For global scale analysis or analysis of
major economies, the results are generally not significantly affected by setting negative
values to 0 (Eora, 2019). It was not considered to effect the purpose of this study changing
the negative values to N/A.

Table 8: Countries with modified data according to category.

Transport
Belgium
Norway

Maintenance & R.
Denmark
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Mining & Q.
Cyprus
Estonia
Finland
Iceland
Malta
Portugal
Sweden
Private Househ.
Hungary
Latvia

Construction
Cyprus
Iceland

Wholesale Trade
Czech republic Malta
Denmark
Poland
Estonia
Portugal
Germany
Slovenia
Hungary
Sweden
Luxembourg
United Kingdom

Public Admin.
Latvia
Spain

Other
Spain

Retail Trade
Sweden

Table 8 shows the countries that had to have a modified data and in which category. As can
be seen there the categories Mining and Quarreling and Wholesale Trade had the most
countries that needed modification.
The Eurostat HBS is in most countries based on probability sampling by design but there is
a lack of uniformity in the sampling methods and methodology which has made the analysis
of the accuracy complex (Eurostat, 2020). For most countries, households are sent a survey
which includes a diary of consumption that has to be kept for approx. two weeks. This form
of sampling has some limitations and we will go over them from the 2015 results. Sampling
errors arise from estimating a population characteristic by looking at only one portion of the
population rather than the entire population. The size of the sampling errors depends on the
sample size, meaning the higher the sample size, the higher the accuracy. This is a problem
for the HBS since sample sizes attained by some countries are rather low. The mean response
rate of the survey was around 50%. There are however important variations between the
countries: from 16.5% in NL to 86.1% in TR (Eurostat, 2020). There were some negative
values in the consumption-based GHG-intensity data used from EORA which was solved by
using data from neighboring and similar countries, this can be seen in Table 9.
Table 9: Shows the changes made in the data used to calculate the PCF.

Category
Transport services
Transport services
Transport services
Transport services
Transport services
Personal effects

PCF
Negative values
Norway
Iceland
Cyprus
Bulgaria
Belgium
Malta

Replacement data
Denmark
Denmark
Malta
Hungary
Netherlands
Cyprus

5.4 Appropriate use of allocation method
As has been shown above the two allocations principles do lead to difference in results.
The ACF method uses the expenditure of a certain area, regardless of residency of the
users, while PCF uses the consumption of residents of an area, regardless of point of
purchase. This brings to attention the importance of allocating correctly in terms of the
scope of a study.
ACF method should be used if the scope of a study is a certain area, e.g. if the aim of the
study is to find out the CBCF of a city or a country as a whole, looking at all that is
consumed within these boundaries. If the scope of the study is to find the CBCF of an
individual household in a city or a country this method would give imprecise results since
they include visitors of an area as well as government consumption and investments.
PCF on the other hand would be ideal in studying the CBCF of an individual household
since it uses the direct consumption of the household in that area. PCF includes all the
expenditure of an individual regardless of place of consumption. Using PCF in calculation
of consumption of a city or county would therefore not give accurate results because some
of the consumption of an individual happens in another place and it doesn´t include the
purchases of visitors in the area.
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This shows the importance of researchers being careful in selecting the method as not both
ACF and PCF suit all situations similarly.

5.5 Future research
In order for CBCF to gain more stability and relevance there is a need for researchers to take
into account these different allocation principles. More similar studies should be done in an
effort to provide additional points of comparison. This study has shown that there is a
difference in ACF and PCF and that the issue of difference has not been brought up often.
For further studies it is suggested that there is a need to clarify the scope of the two methods
in CBCF studies and to report under these different methods.
This study encountered some data problems, usually due to the intensity levels provided by
the EORA model, or expenditure having a negative value both in ACF and PCF. The
negative value was corrected using data from similar countries in PCF, but in ACF they were
ignored. This problem with negative data in ACF should be looked at more closely in the
future in an effort to solve the problem. The intensity level in the EORA model is also
something that needs more attention and ways to solve that issue should be researched more.
It also needs to be clarified how ACF allocates certain transboundary flows, particularly
international aviation and personal online purchases from foreign countries. But these issues
are unclear and hold an important point in looking at the CBCF. Researching the allocation
of transboundary flows within the ACF is therefore essential for further growth in CBCF
studies.
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6 Conclusions
CBCF is becoming increasingly popular and has a gained a lot of interest of policy makers
on national levels and even on global scale. It is clear that the current method of calculating
emissions has its limitations and doesn’t necessarily reflect the emissions of countries, since
it tends to underestimate developed countries while over-estimating the undeveloped ones.
By allocating the emissions to the consumer it gives a more accurate estimate of emissions
of specific places.
In this study the two allocation principles, ACF and PCF, under the CBA were looked at in
an effort to see the difference in the two and also how the levels and composition vary
between the two allocation principles in different countries. Data from the global MRIO
EORA and Eurostat HBS of 27 European countries were used to conduct the study. EORA’s
MRIO was used in gathering the GHG-intensity data for both ACF and PCF but the
consumption expenditure data comes from the two different databases.
ACF encompasses the emissions of economic activities within selected geographic borders,
and the global production and delivery chain emissions of the consumer goods and services,
including the consumption of visitors and excluding exports. It also usually includes capital
formation, governmental consumption and other final demand categories. Meanwhile PCF
covers consumption of the residents of the area regardless of where the consumption takes
place, but excludes the consumption of visitors within the area in question and also the
demand by governments.
These different allocation principles lead to different outcomes of results though both are
defined as CBCF where ACF for almost all of the countries results in higher emissions of
t𝐶𝑂2 𝑒 than PCF. Since both of the allocation principles fall under the same concept of CBCF
it clearly shows that there is a need for a better clarification of studies under the concept. It
is suggested that researchers using CBA familiarize themselves with the difference of the
two allocation principles before conducting the study in an effort to show more accurate
results in the study. It is clear that the difference is that remarkable that it has an effect on
the outcome of studies, therefore using the appropriate method according to the scope of a
study is essential.
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Appendix A
Appendix A shows the EORA26 consumption categories and the corresponding ISIC Rev.3 classification
system on which it is based (Lenzen et al., 2013a, Appendix 3)

Eora consumption
catagories
Agriculture
Fishing
Mining and Quarrying
Food & Beverages

ISIC Rev.3
1,2
5
10,
11,12,13,14
15, 16

Eora consumption
catagories
Construction
Maintenance and Repair
Wholesale Trade

51

Retail Trade

52
55

Textiles and Wearing
Apparel

17, 18, 19

Hotels and Restraurants

Wood and Paper

20, 21, 22

Transport

Petroleum, Chemical and
Non-Metallic Mineral
Products

23, 24, 25,
26

Post and
Telecommunications

Metal Products
Electrical and Machinery

27, 28
29, 30, 31,
32, 33

Transport Equipment

34, 35

Other Manufacturing
Recycling

36
37

Electricity, Gas and Water

40, 41

ISIC Rev.3
45
50*

Finacial Intermediation and
Business Activities
Public Administration
Education, Health and Other
Services
Private Households
Others
Re-export & Re-import

60, 61, 62,
63
64
65, 66, 67,
70, 71, 72,
73, 74
75
80, 85, 90,
91, 92, 93
95
99
N/A
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