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Abstract

Households' carbon footprints are unequally distributed among the rich and poor due to
differences in the scale and patterns of consumption. The goal of this study is to provide
distributional focused carbon footprints of Austrian households, and to apply carbon footprint
Gini and Theil indices to quantify inequalities. The country focus on Austria as a case study
of industrialized (welfare) states is a continuation of existing studies on households' carbon
footprint in emerging economies like China. Spatial consumption patterns of inequality are
analysed and discussed. The drivers of energy consumption for different categories are
identified and quantified. Conclusions about the relationship between energy requirements,
household characteristics, spatial variables, lifestyle issues - especially concerning vacation
destinations - in Austria are drawn. It is expected - analogue to the findings of preceding
studies on emerging economies - that its findings will provide categorisation possibilities of
classes along income and lifestyle categories, and in a second step implications for policy
interventions to encourage stronger sustainable consumption.

Methodology-wise, the study will identify several income groups in Austria based on
Konsumerhebung 2009/10 of Statistik Austria and apply statistical techniques focused on
clustering instruments along regional, urban-rural, and lifestyle frontlines. The model will be
based on an Environmentally Extended Input-Output model and the global Eora Multi-
Regional Input-Output (MRIO) Model derived from the GTAP database, using a methodology
developed by Lenzen et al. (2012).

In this thesis | would like to test whether influences of socio-economic, geographic and
technical effects, that have been previously identified as important for consumption impacts
may be apparent also for the Austrian case, comparing the results with previous findings
from other studies (e.g. Ivanova et al., 2017) by taking the different data contributions and
models into account. Finally, | calculate various inequality indices for the household carbon
footprints (HCFs) of households throughout Austria and look for carbon footprint elasticities
when giving up cars.

Research questions
* Is there a significant uneven distribution of carbon footprints of households in Austria
spatial-wise: regions and/or urban/semi-urban/rural distinction?



* Is there a significant uneven distribution of carbon footprints of households in Austria
due to income levels?

* What shows the Gini- and Theil indices by combining spatial and income based
analysis?

* Is there a lifestyle pattern when controlling for income by focusing on middle income
group only in Vienna/urban/semi-urban/rural areas?

e Same for high income group?

* Are there rebound effects when giving up cars? Where? And in what volume?
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Introduction

In line with the adaption of the 2015 Paris Agreement of the United Nations Framework
Convention on Climate Change (UNFCCC, 2015), the EU and its member states, like most
countries in the world, have committed to lower their territorial greenhouse gas (GHG)
emissions by 40 % of its 1990 levels in order to limit global temperature rise to 2 °C
(Niedertscheider et al., 2018; Rogelj et al., 2016; UNFCCC, 2015) In the EU this is tried to be
implemented by the Climate and Energy package (European Commission, 2016) which is
part of the Europe growth strategy 2020 (European Commission, 2010). This package
consists of two main approaches:

First, the EU Emissions Trading System (EU ETS), which was the first (and still is the biggest)
trading system for CO,-certificates globally (Hartmann, 2014, p. 19). It operates in 31
countries (28 EU countries plus Iceland, Liechtenstein and Norway) and limits emissions
from more than 11,000 heavy energy-using installations such as power stations and
industrial plants, as well as airlines operating within the 31 countries mentioned above
(European Commission, 2018a). The EU ETS covers around 45 % of the EU's greenhouse
gas emissions (European Commission, 2018a) and sets its goal to cut emissions by 21 % by
2020 and by 43 % by 2030 (European Commission, 2018b).

Second, the Effort Sharing legislation establishes binding annual greenhouse gas emission
targets for Member States for the periods 2013-2020 and 2021-2030. Until October 2018,



the national targets together indented to deliver a reduction of 10 % in total EU emissions by
2020 and of 30% by 2030, compared with 2005 levels (European Commission, 2018b). In an
agreed European Council position these targets were strengthened to 15 % and 35 %
respectively (European Council, 2018). These targets concern emissions from most sectors
not included in the EU ETS, such as transport, buildings, agriculture and waste. Binding
targets are set for each EU Member State, which are based on the Member State's relative
wealth, measured in GDP per capita of its inhabitants. As for Austria, a reduction of CO,
emissions of 16 % by 2020 was agreed as target, and of 36 % by 2030 (European
Commission, 2018b).

End of June 2018, the government of Austria presented its national strategy how to achieve
these targets. Focus is put on better thermal isolation of buildings and settlements and the
increase of household-based energy production like e.g. with the intended installment of
additional 100,000 photo-voltaic micro-plants on rooftops. From 2020 onward, there shall be
a ban of installing new heating oil based heating systems in households, and Austria's total
demand for electricity should be fed 100% from renewable sources by 2030.

Whereas 14 billion Euro are bookmarked to be invested in the transport sector - the biggest
cause of CO, emissions (mainly in railway services, extension of e-mobility and biking) -
other major emitting sectors not included in the EU ETS will not be targeted. Especially
industry and agriculture are exempt from the 2030 mission of the Austrian government
(Bundesministerium fir Nachhaltigkeit und Tourismus and Bundesministerium fir Verkehr,
Innovation und Technologie, 2018). Critics also argue that the tax system is still not tackled
and shifted from income based towards a wealth and environmental based tax system (e.g.
IMF, 2018; Kettner-Marx et al., 2018; OECD, 2017, 2015, 2013) and that indented reforms of
laws and procedures testing environmental sustainability of infrastructure projects, will
contravene attempts to achieve the 2030 climate targets.

Production-Based and Consumption-Based Accounting

All these strategies and targets are referring to a production based (PB) approach, meaning
that only emissions occurring within the territory of a given entity are counted. PB-based
means that while enterprises, households and governments within this entity consume direct
requirements - like e.g. energy carriers such as heating and cooking fuels, electricity or petrol
for driving a car - they produce emissions. As PB accounting looks only at these direct
emissions, it is conceptually and methodologically more straightforward, but it suffers from
the fact that it cannot take upstream, indirect or embodied requirements and emissions of
activities happening outside a certain entity into account (Lenzen et al., 2008; Liu et al., 2010;
Hertwich and Peters, 2008; Afionis et al., 2017; Wiedenhofer, 2011).

In order to include emissions in the process of production and delivery, several studies
suggest that the focus should shift to a consumption-based approach (CB). CB accounting
regards emissions at the point of consumption, which means that it is the final consumer
whom the embodied emissions are attributed to, instead of the producer of goods and
services. "The main difference, therefore, between the PB and CB accounting approaches is
that application of the latter would entail a state with an abatement policy to cede
responsibility for emissions associated with its export production and accept responsibility for
the ‘embodied’ or ‘virtual’ emissions of its imported goods and services." (Afionis et al., 2017,
p. 3; Steininger et al., 2014)



This means, to address these attributed emissions, net importing countries could strengthen
emissions reductions within their territories, reduce the consumption levels of their residents,
or contribute to mitigation efforts in foreign countries. Switching from a PB to a CB
accounting system would have important implications for global mitigation policies and
consumption patterns, given that 20-25% of overall carbon dioxide emissions are from
international trade (Barrett et al., 2013; Davis and Caldeira, 2010; Hertwich and Peters, 2008;
Munoz and Steininger, 2010; Peters et al.,, 2011; Wiedmann et al., 2013). As a general
picture, due to growing international trade, these global CO, and other GHG emissions are
bound to continue rising.

Policy relevance

While PB accounting is currently the UNFCCC’s adopted accounting principle, emissions
embodied in trade are rapidly increasing and there is thus a growing gap between production
emissions and the emissions associated with consumption. This is of concern due to the
absence of a global cap and significant variation in country-level mitigation ambitions. In
identifying the main drivers for CB emissions, new policy mechanisms could potentially be
utilized and could unlock new opportunities for climate policy innovation and for climate
mitigation. (Afionis et al., 2017)

This includes trade-related policy like border carbon adjustments (Hertwich and Peters, 2008;
Steininger et al., 2014), domestic policies like resource and energy efficiency, as well as
consumption targeted mitigation strategies (Barrett et al., 2013; Lorek and Spangenberg,
2014). As climate policy targets deepen, there is a need for a broad range of policy options in
addition to production and technological solutions (Afionis et al., 2017; Barrett et al., 2013).

This development has led to increased calls for a switch to, or an amalgamation with, other
accounting approaches (Afionis et al., 2017; Barrett et al., 2013; Steininger et al., 2014).
Steininger et al. (2014) emphasise the latter option also from a perspective of justice and
economic efficiency. According to them, CB emissions could be handled complementary to
PB emissions inventories. in that sense that emissions should be understood as, "being
contributed by both, consumers and producers, but that this fact does not by itself settle the
question whether consumption or production ought to serve as the climate policy base." (ibid.)

Apart from the discussion of a complete switch (Afionis et al., 2017), Steininger et al. (2014)
find that, under the conditions of clean technology transfers, border carbon adjustments, and
distribution of these import tax revenues to developing countries, the "global cost-
effectiveness and justice can be improved if the unilateral climate policies of industrialized
countries are based on emissions from consumption." (Steininger et al., 2014) These
conditions are essential, as also shown by (Jakob et al., 2013, p. 19; Jakob and Marschinski,
2013), because only, "if consumption-based emission pricing were not based on actual net
imports of embodied emissions but on those calculated under a best-available technology
approach, it would result in less leakage than production-based emission pricing." The
argument goes that due to the fact that usually export-oriented sectors are less carbon
intensive (Davis and Caldeira, 2010), only the distribution of best-clean-technology could,
after any introduction of border tariffs, prevent the shift of production to more carbon
intensive, inward-oriented sectors (due to old technology). This gives again rise to the
discussion of implementing an international technology fund (UNEP, 2011).

Equity and justice concerns have been of paramount significance in international
negotiations on climate change ever since the adoption of the UNFCCC in 1992. As for a fair



allocation of responsibility for GHG emissions, neither a pure CB nor only PB approach
seems to satisfy (Afionis et al., 2017), hence, the concept of shared responsibility has
recently been advanced. To overcome this issue a consistent approach covering the
complete life-cycle of all products and services, while avoiding problems of double-counting,
has been formulated (Gallego and Lenzen, 2005; Lenzen and Murray, 2010). In this
approach, "responsibilities for indirect requirements are shared between consumer and
producer, either half / half or in relation to the value added, thereby explicitly linking
responsibility with economic influence." (Wiedenhofer, 2011, p. 9) A detailed discussion on
accounting responsibility and various stakeholder views is provided in (Afionis et al., 2017;
Jakob et al., 2013; Jakob and Marschinski, 2013; Lenzen et al., 2007; Mufioz and Steininger,
2010; Steininger et al., 2014). For this study, a consistent, consumption-based perspective
on the drivers of carbon footprint of Austrian households was applied.

Subnational level

Differences between PB and CB approaches also refer to spatial heterogeneity within
countries. Barrett et al. (2013) and others point out (e.g. Afionis et al., 2017; Chancel and
Piketty, 2015; Steininger et al., 2014; Wiedmann et al., 2013) that: "without consumption-
based approaches, territorial emissions alone will not provide a complete picture of progress
in regional and national emissions reduction." From a CB perspective it can be argued that in
the case of Austria - being rather a relatively small, open and trade-linked economy -
differences between the CB carbon footprint of its regions (e.g. Ilvanova et al., 2017) and/or
of rural-urban settlements (e.g. Czepkiewicz et al., 2018; Heinonen et al., 2013a, 2013b;
Ottelin et al., 2017) could be rather big. As previous CB studies concluded that around half of
the total carbon footprint of Austria originates outside of its borders (lvanova et al., 2017;
Kanemoto et al., 2014; Mufoz and Steininger, 2010) - caused mainly due to consumption of
embodied CO; and other GHGs in commaodities and services - differing demand patterns in
regions and income classes could be investigated and more accurately tackled policy wise.

Since the turn of the millennium, ever more scientific studies capturing the CB approach
show that PB cross-country analyses conceal that the carbon footprint of regions, areas or
income groups within countries differ rather widely, which may potentially obstruct the effect
of (PB based) impact mitigation policies (e.g. Chancel and Piketty, 2015; Czepkiewicz et al.,
2018; Godar et al., 2015; Heinonen et al., 2013a, 2013b; Ivanova et al., 2017; Ottelin et al.,
2017; Wiedenhofer, 2011; Wiedenhofer et al., 2016). "Today, within-country inequality makes
up 50 % of the global dispersion of CO, emissions. It is then crucial to focus on high
individual emitters rather than high emitting countries." (Chancel and Piketty, 2015, p. 9) For
example, Wiedenhofer et al. (2016) found that the top 5 % richest households (income wise)
in urban China emitted 19 % of all of China's CO, emissions in 2012.

In the EU Commission's "Flagship Initiative for a Resource Efficient Europe" (European
Commission, 2011a) - a so called Communication to the European Parliament, the Council,
the European Economic and Social Committee, and the Committee of the Regions - as well
as in its staff working document "Regional Policy contributing to sustainable growth in Europe
2020"(European Commission, 2011b), the EU Commission also recommended that
environmental affairs should be dealt with on a sub-national level too. As Afionis et al. (2017)
point out, a CB approach could be quite helpful in order to identify the main concerns in
regards to sustainability on a sub-national level. By identifying feedback loops and rebound
effects to emission reduction policy implementations, the CB accounting approach could help
regional governments to tackle the most urgent shortfalls and provide precise and target-
oriented mitigation strategies.



As for the whole European Union, the study of lvanova et al. (2017) was just recently funded
by the European Commission's GLAMURS Programme and states in its description: "This is
the first study to quantify the GHG emissions associated with household consumption at a
regional scale across the EU, providing unique insights into carbon footprints across Member
States. The data from the survey could be used to drive local decision-making processes,
including designing and monitoring more intelligent regional climate mitigation policies."

There already exist several studies on the sub-national level of countries worldwide and its
respective consumption sectors, both in regards to carbon footprints as well as energy
requirements. They look usually either on differences between regions or focus on the spatial
dichotomy of rural-urban characteristics.

Australia (Lenzen et al., 2006, 2004; Wiedenhofer, 2011; Wiedenhofer et al., 2013),
Baltics, namely Estonia, Latvia and Lithuania (Brizga et al., 2017)
Brazil (Cohen et al., 2005; Lenzen et al., 2006),

China and Hongkong (Clarke-Sather et al., 2011; Deng et al., 2016; Fan et al., 2012;
Harris et al., 2012; Wiedenhofer et al., 2016; Zhang and Anadon, 2014; Zhou and
Imura, 2011),

Denmark (Lenzen et al., 2006),
European Union (Ilvanova et al., 2017)

Finland (Ala-Mantila et al., 2014; Heinonen et al., 2013b, 2013a, 2011; Ottelin et al.,
2015)

Germany (Miehe et al., 2016),

India (Ahmad et al., 2015; Lenzen et al., 2006),

Japan (Hasegawa et al., 2015; Lenzen et al., 2006),

Norway (Larsen and Hertwich, 2011; Steen-Olsen et al., 2016),
Pakistan (Adnan et al., 2018)

Spain (Arce et al., 2017),

UK, in general as well as for its sub-regions (Baiocchi et al., 2015, 2010a; Brand,
2009; Brand and Boardman, 2008; Brand and Preston, 2010; Chitnis et al., 2014,
2013; Curry and Maguire, 2011; Druckman et al., 2011; Jackson and
Papathanasopoulou, 2008; Minx et al., 2013),

United States (Adom et al., 2013; Jones and Kammen, 2014, 2011) with Adom et al
(2013) using a LCA approach,

Everyday Life
Aspects of "everyday life" (which includes issues of lifestyles) is another important approach
which CB accounting can help to shed light onto. Especially, studies based on a segregation



between low- and high density settlements, provided new insights by adopting this
methodology, which would have been hard to find when only relying on the PB perspective.

Emission intensity is the emission rate of a given pollutant, like e.g. CO,, relative to the
intensity of a specific activity, or an industrial production process; for example the ratio of
COg, produced per unit of GDP (e.g. per Euro). Carbon intensity can thus be defined as the
amount of CO, emission per currency unit spent. This provides an interesting approach as
Wiedenhofer (2011, p. 6) in reference to Herendeen (1978) points out: “a consumer’s dollar
[or Euro] can be spent with significantly different energy [or carbon] impact.” This approach
allows the investigation of the consequences of different consumption patterns based on
contributing variables like income or the size of households, as well as possibilities for
reductions in the carbon footprint through shifts in these patterns (Fischer-Kowalski et al.,
2013; Fischer-Kowalski and Haberl, 2007; Lorek and Spangenberg, 2014; Max-Neef, 1989;
Wiedenhofer, 2011, p. 6; Wilson et al., 2013)

As the latter relies basically on the direct measurement of emissions, the identified main
contributors are housing and transport. Hence, the argument goes that the denser human
settlements are, the more energy-efficient (and thus more CO,-efficient) housing and
transportation gets due to the advantages of a compact network of e.g. public transport (no
need for cars) and district heating (no need for e.g. heating oil or coal).

On the other hand, however, some CB carbon footprint studies also show that when all the
GHG emissions related to the consumption of services, goods and energy are taken into
account, the question of sustainable urban structure is getting more complicated - to that
point that no clear evidence on the superiority of dense urban structures can be claimed (Ala-
Mantila et al., 2014; Baiocchi et al., 2010b; Czepkiewicz et al., 2018; Heinonen et al., 2013a,
2013b, 2011; Lenzen et al., 2004; Minx et al., 2013; Ottelin et al., 2017, 2015; Wiedenhofer
et al., 2013). Also the 5™ Assessment Report of the (Intergovernmental Panel on Climate
Change et al.,, 2014) addresses the differences due to chosen boundaries of reported
emissions. In this sense, as (Ottelin et al., 2017) point out, traditional research on transport
and travel behavior could use the CB approach to measure the rebound effect of
consumption when e.g. cars are abandoned.

In this sense, the research community is arguing, that it is not only increasingly important to
focus on regional and local policy for environmental impact mitigation (e.g. Meng et al., 2013
and Harris et al., 2012), but also, in order to gain insights for efficient and streamlined policy
measures when necessary, to take homogeneous lifestyles and similar patterns and levels of
carbon footprint of different clusters of consumers into account (Abrahamse and Steg, 2009;
Baiocchi et al., 2010b; Chancel and Piketty, 2015; Curry and Maguire, 2011; Czepkiewicz et
al., 2018; Jackson and Papathanasopoulou, 2008; Lenzen et al., 2004; Miehe et al., 2016;
Minx et al., 2013; Newton and Meyer, 2012; Reinders et al., 2003; Wiedenhofer et al., 2016,
2016; Wilson et al., 2013; Zhou and Imura, 2011) and also referring to the significant impact
of public services and public procurement decisions (Larsen and Hertwich, 2011).

Independent variables

In this study, a multivariable regression model to explore the relationships between
household carbon footprints as the dependent variable and several predicting independent
factors was applied. Prior studies provide a lot of information about the relevant drivers of
variation in carbon footprints. Following the categorization of (lvanova et al., 2017) these
drivers can be roughly grouped into three effects, namely:



a) socio-economic such as income, household size, education, social status and
degree of urbanization (Jones and Kammen, 2011, 2014; Baiocchi et al., 2010b; Minx
et al., 2013; Wilson et al., 2013),

b) geographic such as temperature and geographic location (Newton and Meyer, 2012;
Tukker et al., 2010) and

c) technical such as the infrastructural context (Sanne, 2002; Tukker et al., 2010).

Multivariate analysis has been widely applied to study carbon footprints for households in
terms of different characteristics. The following paragraph provides an extensive literature
review on these variables. A short summary of promising predicting variables, descriptions
and sources of multiple empirical studies and theoretical considerations which led the
decision making process of which variables to include can also be found in Error!
Reference source not found..

Socio-economic drivers

Income

Across all studies, income / expenditure has been identified as the main independent driver
of carbon footprints or total energy consumption of households (e.g. Duarte et al., 2012;
Hertwich and Peters, 2008; Jackson and Papathanasopoulou, 2008; Lenzen et al., 2006,
2004; Marcotullio et al., 2014; Reinders et al., 2003; Tukker et al., 2010; Wier et al., 2001;
Wilson et al., 2013). Expenditure is usually preferred to income as a predictor, because it
corresponds more closely to what households actually consume. Expenditure includes:
"social benefit transfers and various non-consumption expenses are already deducted, for
example savings, taxes, donations and fines" (Wiedenhofer, 2011, p. 16).

Existing literature already recognized strong correlations between income/expenditure and
several other variables usually available from CES. Energy-wise, Lenzen et al. (2004) and
Reinders et al. (2003) find that indirect/embedded energy consumption is closer correlated to
income than direct demand.

Education

As for education, findings in previous studies appear to contradict each other. Applying a
multivariate framework and controlling for expenditures, e.g. no significant impact of higher
education on energy demand has been found for Japan and Denmark. (Baiocchi et al.,
2010a; Lenzen et al., 2006), whereas Lenzen et al. (2004) identified a weak negative
influence of education on energy demand in Australia and the United Kingdom. This might
indicate possibilities for educated ‘green consumerism’ (Baiocchi et al.,, 2010a), while
Abrahamse and Steg (2009) point out, that while existing requirement patterns are explained
quite well by socio-economic variables, energy savings and changes in consumption are
much more associated with psychological factors. (education not included in their model
though) or by common social values shared within the neighbourhood (Heinonen et al.,
2013a, 2013b). Chancel and Piketty (2015) also find that education and social status have an
impact on emission-intensive lifestyles - with higher income the carbon footprint increases
and vice versa.

Interestingly for developing countries like India and Brazil, a positive link between education
and total requirements has been reported (Cohen et al., 2005; Lenzen et al., 2006), where it
has been hypothesized that especially urban educated individuals emulate a western



consumerist lifestyle, which includes an ongoing accumulation of household stocks and
consumer goods.

In order to prevent straight colinearity between income, age and education level, Ivanova et
al. (2017) use the percentage of the population aged 30-34 with tertiary education as a proxy
in their modeling.

Age

Although age is highly correlated with the education and income level of households (or the
heads thereof), controlling for these factors provide a small remaining effect. Whereas in the
case of Australia this effect was found to be positive (Wiedenhofer, 2011; Lenzen et al., 2006)
with explanations including higher automobile mobility of independent retirees, larger
residential energy requirements because of higher home stay rates compared to working
population, or aged peoples' need for higher indoor temperatures; a study on ageing society
in Japan found a negative impact of age, mainly due to lower consumption demand
(Shigetomi et al., 2014).

Gender

Another rather problematic variable in terms of significant aspects on household carbon
footprints is gender. In Wiedenhofer (2011) one study on this issue was cited (Raty and
Carlsson-Kanyama, 2010), extracting a quote thereof: "[Single] women consistently used
more energy than men [...] [for] food, hygiene, household effects and health although
differences are rather small.” (Raty and Carlsson-Kanyama, 2010, p. 648). In the same study
it was also concluded that single men households in total have a larger carbon footprint
mainly due to transportation and the ‘restaurants, alcohol and tobacco’ category. However,
as also pointed out by Wiedenhofer (2011), the authors did not control for income, which
might outdo any of these findings. Consequently, Wiedenhofer (2011) could not attribute any
gender specific patterns in his study on energy requirements of Australian households when
controlling for income.

Type of settlement

This variable comprises several categories identified in literature. One is household
composition and its size, meaning how many people live in a household. As this will influence
the outcome and comparability, it must be controlled for. Household members share
electrical appliances and require less individual living space. Also, there exist economies of
scale in different consumption domains (Lenzen et al., 2006; Minx et al., 2013; Tukker et al.,
2010; Wilson et al., 2013).

Housing type and size also matters as housing size determines directly the requirements of
space heating and/or cooling, and indirectly through construction needs and building material
use (Lenzen et al. 2004; Lenzen et al., 2006; Newton and Meyer, 2012).

Population density is another important predicting variable. For several countries, a
correlation with energy demand and carbon footprints has been found for the density of
people living in a settlement (especially urban) even when expenditure is being controlled for
(Ala-Mantila et al., 2014; Czepkiewicz et al., 2018; Heinonen et al., 2013a, 2013b, 2011;
Lenzen et al., 2006; Ottelin et al., 2017; Wiedenhofer, 2011). In line with Munksgaard et al.
(2008, p. 180) who concluded that, “[...] families living in rural houses perform the worst in
terms of environmental friendliness, based on their relatively high consumption of energy and
transportation”, urban typology is in many studies associated with more compact



development and larger availability of public transport. However, other studies have also
found urban inhabitants to have higher impacts associated with food, leisure travel and
manufactured products (Fremstad et al., 2018; Jones and Kammen, 2014; Marcotullio et al.,
2014; Minx et al., 2013; Tukker et al., 2010; Wiedenhofer et al., 2013). Urban households
show consistently higher levels of total energy and CO, requirements than suburban or rural
households, largely because of their higher incomes (Lenzen, 1998a; Wier et al., 2001;
Lenzen et al., 2004) causing rebound effects in terms of higher consumption (Ala-Mantila et
al., 2014; Czepkiewicz et al., 2018; Heinonen et al., 2013a, 2013b, 2011; Ottelin et al., 2015;
Wiedenhofer et al., 2013). The conclusion of this contradiction could be that, "when
differences in income are being controlled for, rural and sprawl living is comparatively more
resource and energy intensive than urban lifestyles, mostly because of the larger share of
transportation and residential energy requirements. Inherently positive aspects of urban
lifestyle are negated by significantly higher incomes and a generally more affluent lifestyle."
(Wiedenhofer, 2011, p. 15, in reference to; Lenzen et al., 2008)

Transportation
Closely related to the type of settlement are factors of transportation. These factors are
mostly addressed in urban development planning studies.

Others

The demand for and consumption of agriculture products (Jones et al., 2002; Kissinger, 2012;
Lopez et al., 2015; Pirog et al., 2001; Pirog and Benjamin, 2005, 2003; Waye, 2008; Weber
and Matthews, 2008) and tourism consumption (mostly in Spain) and its seasonal variability
(Cadarso et al., 2016; Duro and Farré, 2015; Turridon-Prats and Duro, 2017) are another two
independent variables used to explain variations in carbon footprints in the socio-economic
category. Noteworthy is that tourism and transport sectors are potentially more affected by
residents’ spending abroad, which may bring about higher uncertainty of results in those
sectors (lvanova et al., 2017; Usubiaga and Acosta-Fernandez, 2015) - an issue which might
be circumvented by applying Multi-Regional Input-Output tables.

Geographical drivers

Climate

Lower average temperatures (mountains) and rather dispersed habitat are associated with
higher emissions (HDD). Rising temperatures may also drive energy use for cooling
(CDD).(Chancel and Piketty, 2015; Minx et al., 2013; Wiedenhofer et al., 2013) As heating is
one of the main direct energy requirements and thus intensive in carbon emissions, different
climate conditions in Austria have to be taken into account.

Forests

Another variable in terms of geographical categories is access to forests and semi-natural
areas as an incentive for low carbon intensive recreational activities and consumption of local
products (Ivanova et al., 2017, 2015).

Technical drivers

Energy mix

The energy mix of households (lvanova et al., 2017; Tukker et al., 2010). The local electricity
mix directly determines the carbon intensity of products produced and consumed locally (e.g.
housing emissions).



Infrastructure

Infrastructure and access to it is closely related to transport as it includes e.g. access to
public transport. As this is somewhat better covered and more correlated to socio-economic
drivers like income (esp. when it comes to flights) and population density, this study does not
include this aspect on this level. Access to airports, on the other hand, seems to be a driving
factor in this category and might be relevant to shed more light on it in the case of Vienna
and its intended increase of capacity of its airport in Vienna-Schwechat. However, as this is
yet to come, this variable was not modelled in this study.

The same argument holds for the intended closure of a motorway-ring around the capital
Vienna via the construction of a tunnel beneath the National Park Donau-Auen (Vienna,
together with Nairobi, Kenya, being one of the two capitals worldwide only with a National
Park within its borders). Although it might be interesting to test if this attempt would
counteract the geographical driver identified by lvanova et al. (2017, 2015), that access to
forests drives down the carbon footprint of households due to incentives of low carbon
intensive leisure time activities like walking, swimming or cycling.
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