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Zusammenfassung

Weltweit erstellen Stadte Klimaschutz-Strategien, die Bemihungen zur Reduktion von
Treibhausgasen (THG) beschridnken sich dabei aber meistens nur auf jene Emissionen, die
innerhalb der eigenen Stadtgrenzen ausgestolen werden. Grenziiberschreitende
Produktionsketten und klimaschadliche Konsumgewohnheiten in Stadten fiihren dazu, dass
THG in Stadten verursacht, aber auBBerhalb der Stadtgrenzen ausgestoRen und folglich in den
meisten stadtischen THG-Bilanzen nicht erfasst werden. In der Wissenschaft gewinnt die
Methode der konsumbasierten CO2-FuBabdruck-Bilanzierung immer mehr an Bedeutung.
Diese Bilanzierungsmethode verknlipft stadtische Konsummuster mit den dadurch
induzierten CO2-Emissionen, unabhangig davon, ob die Emissionen innerhalb oder aulRerhalb
der Stadtgrenzen ausgestoflen wurden. Diese Arbeit untersucht am Fallbeispiel der Stadt
Wien wie eine konsumbasierte CO2-FulRabdrucksbetrachtung das Verstandnis von moglichen
stadtischen KlimaschutzmalRnahmen erweitern kann. Daflir wurde ein konsumbasierter CO2-
FuRabdruck der Stadt Wien geschatzt und dieser mit Wiens produktionsbasierten Emissionen
verglichen, welche in der stadtischen THG-Bilanz ausgewiesen werden. Das angewandte
Modell erfasst nicht nur induzierte Emissionen privater Haushalte in Wien, sondern auch die
ausgelosten Emissionen des offentlichen Haushalts und finanzieller Investitionen. Dieser
methodische Ansatz geht Uber die Ubliche wissenschaftliche Praxis hinaus, lediglich die
konsumbasierten CO2-Emissionen privater Haushalte in Stadten zu schatzen. Dem aktuellen
Forschungsstand folgend wurde eine Input-Output-Analyse unter Anwendung des Eora-MRIO
angewandt. Mithilfe des qualitativen Forschungskonzepts ,,Climate Policy Integration” wurde
weiterhin intersucht, wie sehr Klimaschutz in Wien mit anderen Politikfeldern und —ebenen
verknipft ist. Ein Hauptergebnis der Arbeit ist, dass Wiens CO2-FuRabdruck die von der Stadt
bilanzierte Menge an Emissionen deutlich tGbersteigt. Neben Privathaushalten flihren auch die
Aktivitditen der Wiener Stadtverwaltung zu einer erheblichen Klimabelastung. Die
Unterschiede zwischen den beiden Bilanzierungsmethoden sind fiir die Bereiche indirekte
Mobilitdt, Essen & Trinken, Gliter und Dienstleistungen am starksten ausgepragt. Wiens
Klimaschutzstrategie ist thematisch breit angelegt, gleichzeitig aber auch von Inkonsistenzen
und Zielkonflikten gepragt. Die Forschungsergebnisse legen nahe, dass eine ergidnzende
konsumbasierte-Betrachtung von Wiens THG-Emissionen als Grundlage flr weitere stadtische
KlimaschutzmaRnahmen dienen kann: Konsumorientierte Klimaschutzinstrumente (z.B.
Informationskampagnen) konnten klimaschadliche Konsummuster in Stadten — z.B. bei
Kleidung, Elektrogerdten oder Fleisch - verringern. Die konsumbasierte CO2-
FuBabdrucksbetrachtung erlaubt es, inhdrente blinde Flecken der produktionsbasierten
Bilanzierungsmethode zu identifizieren und KlimaschutzmalBnahmen zu entwerfen, die zu
einer absoluten Emissionsminderung fiihren und damit eine potentielle Verlagerung der
Emissionen aulBerhalb der Stadtgrenze verhindern.



Abstract

While cities around the world formulate climate change mitigation strategies, their efforts to
reduce Greenhouse Gas (GHG) emissions focus foremost on emissions within their municipal
borders. Due to carbon intensive consumption in cities and global production patterns, large
amount of GHGs are caused within cities but emitted outside of municipal boundaries —
rendering them invisible for most urban GHG inventories. At the same time, consumption-
based carbon footprinting gains popularity among researchers: This accounting method links
urban consumption with the associated embodied environmental impact and captures city-
induced GHG emissions, regardless if they occur inside or outside the city boundary. Using the
City of Vienna as the object of my case study, this master’s thesis investigates how a
consumption-based carbon footprint perspective could improve the understanding of climate
mitigation possibilities in Vienna. For this purpose, | estimated a consumption-based carbon
footprint of Vienna and contrasted the results with production-based emissions of Vienna’s
official GHG inventory. The applied footprint model features a holistic methodological
approach as it captures not only induced emissions from private households but also those of
government consumption and of capital investment. This approach goes beyond the common
practice of estimating private household carbon footprints only. Building on the current state
of research, Input-Output Analysis (IOA), using the Eora-MRIO, was applied to estimate the
carbon footprint. In addition to the quantitative model, | applied a qualitative research
concept evaluating Vienna’s existing climate mitigation strategy for the degree of climate
policy integration. This master’s thesis shows that the city’s carbon footprint exceeds the
emissions accounted in the official municipal GHG inventory by far. Apart from private
households, Vienna’s local government also embodies a significant carbon impact. Disparities
between the two accounting systems are most pronounced in the areas of indirect mobility,
food & drink, goods, and services. The current climate strategy addresses emission sources in
a broad and inclusive way, but several inconsistencies and conflicts of interest were identified
nonetheless. Based on the results, this work strongly suggests the necessity for a
complementary consumption-based carbon inventory that could pave the way for further
climate policy approaches: Consumption policies should incentivize Viennese citizens to
reduce climate-intensive consumption patterns, e.g. in the fields of clothing, electronic
appliances or meat. The carbon-based footprint approach has been found to be an essential
tool to overcome blind spots that are inherent in production-based GHG inventories and to
draft climate mitigation measures that can lead to an overall GHG reduction instead of merely
outsourcing emissions to other regions and countries.
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1 Introduction

The number of people living in cities is expected to increase to six billion inhabitants in 2050
which will amount to 68% of the entire world population (United Nations 2018). Rising
numbers of city residents also imply that more and more demand for energy and hence CO;
emissions will be caused through urban lifestyles. Already now, 67% to 76% of global energy
supply is utilized by cities worldwide (Seto et al. 2014). Cities’ GHG emission contribution
amount to 37% of global GHG emissions when only direct (scope 1) emissions are counted
(Seto et al. 2014). When additionally taking into account indirect (scope 2 & 3) emissions, cities
can be associated with up to 80% of global GHG emissions (Hoornweg et al. 2011). Therefore,
cities are extremely relevant actors to attenuate the dawning climate breakdown: Limiting
global warming to 1.5°C requires to reach ‘net zero’ emissions by around 2050 (IPCC 2018).

Cities increasingly understand themselves as crucial actors for climate change mitigation
(CCM) and become members of worldwide city networks or integrate climate policies in a local
climate plan (LCP), yet these efforts might have a limited overall reduction potential when
policies only focus on direct emissions. Worldwide city networks such as the Global Covenant
of Mayors for Climate & Energy, International Council for Local Environmental Initiatives
(ICLEI), or C40 are proponents of sustainability in urban policy and decision making by
providing case studies, supporting learning, exchanging processes, or raising awareness
(Heidrich et al. 2016). LCPs differ strongly with respect to the ambition of formulated
reduction goals and also in terms of climate policy integration (CPI), such as to what extent
climate protection efforts are reflected in the overall policy agenda (Rauken et al. 2015). For
Millward-Hopkins et al. (2017), the biggest limitation of cities’ climate mitigation policies is
their ‘relatively narrow focus on production-side emissions reductions’ (Millward-Hopkins et
al. 2017, p. 1468).

Because of structural circumstances and practical reasons, cities mostly focus on the reduction
of GHG emissions that are being emitted within their administrative territory, hence mostly
on scope 1 emissions, and partly on scope 2 emissions (Chen et al. 2019). Scope 1 emissions
are classified as GHG emissions from sources that are located within the city’s administrative
boundary (C40 2018). GHG emissions occurring inside or outside the city boundary as a
consequence of using grid-supplied electricity, heat, steam and/or cooling in the city boundary
are named scope 2 emissions (C40 2018). Instruments of local climate mitigation action
typically take the form of urban building standards, transport and land-use planning measures.
Also the reduction of GHG emissions of municipal activities is a common way to reduce GHG
emissions in cities (Wright et al. 2011b). Because of the focus on climate mitigation action
within cities’ administrative boundaries, cities’” GHG inventory and monitoring frameworks
only take into account scope 1 emissions, and partly scope 2 emissions (Wiedmann et al.
2016). Scope 1 emissions are relatively feasible to estimate and monitor and are most easily
addressable through city-level climate mitigation policies (C40 2018). Furthermore, political
responsibility for GHG emissions normally ends at the municipal boundary.

Cities however are ‘inherently open socio-metabolic systems’ (Pichler et al. 2017, p. 2)
therefore | argue that a city’s GHG inventory should also include scope 3 emissions. Scope 3
emissions are those emissions occurring outside the municipal city boundary as a result of
activities taking place within the city boundary (C40 2018). Upstream and downstream supply
chain industries, such as the energy, mining, and agriculture sectors are typically located
outside the city, yet are deeply interlinked with city demand (Chen et al. 2017). Understanding
that scope 3 emissions are strongly interlinked with all activities happening in a city inevitably
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implies that a city level accounting system needs to reflect this open-metabolic character too.
There is growing evidence that cities in particular are places of GHG-intensive consumption of
goods and services (Heinonen et al. 2013). These consumption activities induce large amounts
of GHG emissions outside the municipal boundaries with the results that scope 3 emissions
often surpass emissions that are directly emitted within a city’s territory (Minx et al. 2013).
Scope 3 emissions might also become more relevant for city governments in a long-term
perspective: As the number of city inhabitants is expected to rise, more urban infrastructure
for living and working will be needed which will further induce large amounts of embodied
scope 3 emissions (Athanassiadis et al. 2018). Integrating scope 3 emissions in urban climate
mitigation strategies however requires a tool for their assessment in the first place.

A concrete mean for the identification of scope 3 emissions is a consumption-based carbon
footprint indicator (C40 2018). Applying an Input-Output Analysis (IOA) to estimate carbon
footprints (CF) is one feasible way to estimate a carbon footprint for a city (Wiedmann 2009b).
The underlying consumption-based GHG accounting approach captures direct and indirect
GHG emissions of goods and services (i.e. scope 1, 2, and 3 emissions) and allocates them to
the final consumer of the goods and services, regardless where in the world the emissions
were emitted (Munksgaard and Pedersen 2001). A consumption-based carbon footprint
provides a different perspective on a city’s GHG emissions than the production-based
accounting approach which is the established accounting standard for cities and national
states (Wright et al. 2011a). In a second step, a city’s climate strategy that takes scope 3
emissions into account could have a ‘much greater impact on reducing global GHG emissions’
(Ottelin et al. 2018) than measures that merely focus on production-based emissions.

In the city of Vienna, which is being investigated herein, a production-based accounting
inventory is the empirical basis for their climate mitigation strategy (Stadt Wien 2009). In most
of their climate documents, GHG emissions are referenced to be directly influenced by the city
of Vienna (“von der Stadt Wien beeinflussbaren Gesamtemissionen an Treibhausgasen”
(Holzman et al. 2019, p. 4)). Those emissions decreased, in absolute terms, from 5.8 million
Tons GHG-Equivalents (tCOeq) to 4.8 million tCO,eq between 1990 and 2016 (Holzman et al.
2019). However, these GHG reduction achievements are difficult to evaluate without
understanding Vienna’s GHG inventory from a scope perspective and the respective system
boundaries of the accounting method.

The central characteristic of a city as open-metabolic system leads to the necessity of a
systematic assessment of a city’s GHG emissions and of the reported GHG reductions with
respect to scope 1, 2 and 3. This work investigates the nexus of GHG accounting & city level
climate change mitigation (CCM) by combining quantitative and qualitative research
elements: It provides an estimation of Vienna’s city specific carbon footprint which will be
discussed in comparison to GHG emissions of Vienna’s official GHG inventory. In this process,
concrete system boundaries and accounting blind spots of the respective accounting
approaches will become visible. Moreover, this work analyzes Vienna’s climate mitigation
strategy through a qualitative research framework. Potential improvements for Vienna’s
climate mitigation approach will be deduced.

The remainder of this work is structured as follows: Chapter 2 states the aim of this work and
introduces the research question and motivation for Vienna as the object of case study object.
Chapter 3 defines key terms and concepts. Chapter 4 reviews relevant literature. Chapters 5
and 6 introduce the theory of the carbon footprint model and of the qualitative research
framework. The methodologies are explained in chapter 7 and 8. The case study object is
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explained in more detail in chapter 9 and analyzed in chapter 10. Afterwards, chapter 11 and
12 present the model’s results. Chapter 13 merges the key findings and discusses implications.
Finally, chapter 14 concludes.

2 Research design

2.1 Research question

This master’s thesis attempts to close the research gap elaborated above by answering the
following research question:

How can a consumption-based carbon footprint perspective improve the understanding of
climate mitigation possibilities in Vienna?

The following sub-questions specify more closely through which steps the stated research
guestions will be answered:

1. Which blind spots of a consumption-based vs. a production-based accounting perspective
on Vienna’s GHG inventory can be identified?

2. What are strengths and weaknesses of Vienna’s climate mitigation strategy?

3. What potentials can consumption-based climate mitigation policies have for effective
climate protection in Vienna?

2.2 Motivation: Vienna as case study object

“The “Klimaschutzprogramm der Stadt Wien I+1” (KIiP 1+Il) is the climate mitigation strategy
by the City of Vienna through which GHG mitigation measures in the areas of housing, mobility
and transport as well as waste management have been implemented (Stadt Wien 2009). In
1990, the local government has introduced the first set of climate mitigation polices KIiP |
(“Klimaschutzprogramm |”) (Stadt Wien 1999) and continued the climate strategy with KIiP I
(“Klimaschutzprogramm 11”) in 2009 (Stadt Wien 2009). Hence, climate protection has been
an important issue in Vienna for a relatively long time, thereby providing enough data on
which this research can be based on.

Despite the declared success of its climate mitigation strategy, the City of Vienna
acknowledges that climate mitigation needs to become more ambitious in the future
(Homeier et al. 2019). Recently, the city government has declared the aim of reducing local
GHG emissions per capita by 50 % until 2030 and by 85 % until 2050 (Homeier et al. 2019).
Moreover, evaluation and monitoring processes to critically evaluate Vienna’s climate
performance have been established in the city administration. All this makes the City of Vienna
an interesting case to apply an in-depth consumption-based carbon accounting perspective
which has not yet been done in the prevailing literature?.

1 Compared to 2005 levels.
2 To the knowledge of the author, only Pangerl 2014 conducted scientific research on Vienna’s GHG accounting
method.
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2.3 Aims of this work

This master’s thesis aims to contrast the production- with the consumption-based carbon
accounting perspective for the City of the Vienna. This requires a thorough identification of
the system boundaries in Vienna’s production-based GHG inventory and likewise an
assessment of system boundaries of the consumption-based carbon footprint method. Based
on this comparison, this work attempts to identify concrete accounting blind spots present in
Vienna.

Further, this analysis assesses how much Vienna’s GHG emissions differ in height and with
respect to different GHG emission source categories when accounted with different GHG
accounting methods. How GHG emission levels have developed over time should be seen in
the context of Vienna’s reduction goals.

Moreover, this work will evaluate Vienna’s climate mitigation strategy in order to identify
concrete strengths and weaknesses in it. Synthesizing these results with the findings derived
from the carbon footprint model, | conclude on how a consumption-based accounting method
could help to foster effective urban-scale climate mitigation measures and policies in Vienna.

In short, | hope to contribute towards a finer understanding of common and alternative GHG
accounting practices in cities and municipalities. Doing this, | aimed to conduct research on a
concrete and tangible level to gain results that are directly relevant for their application.
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3 Keyterms and concepts

3.1 Differing and overlapping perspectives on GHG emissions
attributable to cities

When greenhouse gases are accounted for - in a city inventory but also for a national inventory
- the categorization and allocation of emissions take place along several key concepts, which
often overlap and are sometimes used interchangeably: One can differentiate between direct
and indirect emissions, upstream, on-site and downstream, and scope 1, 2, 3 emissions
(Wright et al. 2011a). These categorizations often overlap: scope 1 emissions for example are
sometimes named direct emissions, while scope 3 emissions are often denoted as indirect
emissions. The scope 1-3 framework that will be used from hereon is given in the table below.

Table 1: Classification of GHG emissions into scope 1-3 (own illustration, based on World Resources
Institute et al. (2014))

Scope Definition
Scope 1 GHG emissions from sources located within the city boundary
Scope 2 GHG emissions occurring inside or outside the city boundary as a

consequence of the use of grid-supplied electricity, heat, steam and/or
cooling within the city boundary

Scope 3 All other GHG emissions that occur outside the city boundary as a result of
activities taking place within the city boundary

The classification of scope 1-3 has been developed by the World Resource Institute (WRI) and
is frequently used in the city context. It distinguishes emissions with respect to political
administrative boundaries, i.e. emissions are categorized depending on where they occur
(World Resources Institute et al. 2014). In a city’s GHG inventory scopes 1, 2 and 3 indicate
whether the emissions are emitted inside or outside a city’s administrative boundary (World
Resources Institute et al. 2014). Figure 1 visualizes typical emission sources of a city and the
corresponding scope.
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Figure 1: GHG emission sources in cities form a scope perspective (World Resources Institute et al.
2014)

Assigning GHG emissions into one of the three scope categories is not always unambiguous —
neither on a national level, and especially not in a city context. Wright et al. (2011a) point
towards difficulties in that respect, for example to unambiguously categorize emissions that
result from shipping or aviation activities. While some studies and city inventories categorize
these transport emissions as scope 1, others consider them as scope 3 emissions (Wright et
al. 2011a).

3.2 Accounting cities’ GHG emissions

3.2.1 Production-based or “territorial” carbon accounting

C C C Supply C_nam —
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Figure 2: Production-based accounting for a city (own illustration, based on Pichler et al. (2017))
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The accounting of GHGs in cities is normally based on a production-based accounting
approach as it is mostly called in the literature. The IPCC and some researchers use the term
territorial accounting instead (Pichler et al. 2017). The underlying production accounting
principle holds the producer responsible for the GHG emissions that arise when goods and
services are produced (Munksgaard and Pedersen 2001). Thereby, ‘CO, emissions are all
located to the processes actually emitting CO; to the atmosphere, i.e. industrial production,
energy production and the use of fuels in households.” (Munksgaard and Pedersen 2001,
p. 328). E.g. emissions from steel production are attributed to the facility where energy is used
to produce steel. A production-based accounting approach captures only those GHG emissions
that occur within the city boundary (i.e. scope 1 emissions) (see Figure 2). Hence, scope 3
emissions are normally not considered in cities” production-based carbon inventories. Some
cities also take scope 2 emissions into account. Applying a production-based approach for a
city resembles the accounting practice that is common for national states and also required
by IPCC and OECD guidelines (Pichler et al. 2017). The two most applied reporting standards
PAS 2070 and GPC follow a production-based accounting approach as well, but encourage
cities to additionally account for scope 3 emissions.

In contrast to GHG reporting requirements on national level, cities are not obliged by
international law to report their GHG emissions (Wright et al. 2011a). The gross of cities
worldwide, including Vienna, have therefore established a GHG accounting system that fits
their needs (practicability, feasible implementation). When constructing their GHG inventory,
cities often adopt the national GHG accounting method and modify it within their possibilities
(Pichler et al. 2017). More and more cities however account their GHG emissions according to
an internationally recognized community-scale accounting standard, like the PAS 2070 or GPC.
The PAS 2070 Specification for the Assessment of Greenhouse Gas Emissions of a City and the
Global Protocol for Community-Scale Greenhouse Gas Emission Inventories (GPC) are the most
advanced reporting standards (Wiedmann et al. 2016). They differ with respect to sources and
number of GHGs that need to be included in an inventory and how out-of-boundary emissions,
such as parts of the transport emissions are supposed to be accounted. GPC follows the
accounting standard by the WRI distinguishing between scopes 1-3 (World Resources Institute
et al. 2014). Complying to an internationally recognized community-scale accounting standard
allows a city to compare their GHG inventory with other cities in a straightforward way (World
Resources Institute et al. 2014)

3.2.2 Consumption-based carbon footprinting
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Figure 3: Consumption-based accounting for a city (own illustration, based on Pichler et al. (2017))
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Initially only used on a national accounting level, over the past years researchers have more
frequently applied consumption-based carbon footprinting models for the city level too. Early
applications of consumption-based accounting for energy can be found already in the 1970s
and 1980s for instance at Bullard and Herendeen (1975). The definitions of a carbon footprint
differ slightly not only in the grey literature but also in scientific papers. Wright et al. (2011b)
have examined various of these definitions and formulated a definition as follows: ‘a carbon
footprint is a lifecycle-orientated indicator of a process, activity or population’s contribution
to climate change’ (Wright et al. 2011b, p. 66). Wiedmann and Minx (2007, p. 4) employ a
more explicit and widely accepted definition: ‘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 lifestages of a product’. The carbon footprint method
employs the consumption accounting principle that attributes CO, emissions from energy,
goods and services to the final consumer. Hence, emissions are related to the final use of
goods and services, regardless where in the world they are emitted (Munksgaard and
Pedersen 2001). In most applications, only the final demand associated with private
household consumption (i.e. city resident’s household consumption) of goods and services is
taken into account3. When a carbon footprint of private households in a city is estimated, the
term household carbon footprints is frequently applied by relevant scholars.

Household consumption, government consumption and fixed capital investment are the three
sectors, into which the final demand of an economy is normally broken down (Mahajan et al.
2018). In contrast to a household carbon footprint, the carbon footprint model in this work
also includes the final demand of the two remaining final demand sectors — local government
consumption and fixed capital investment. This is graphically illustrated in figure 4. The
methodological conception will be further described in chapter 7.
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Figure 4: lllustration of the applied carbon footprint model with estimated GHG emissions induced
by the three major final demand sectors (own illustration, based on Pichler et al. (2017))

3.3 Classification of public policy instruments

While there are several ways to classify public policy instruments, the stick, carrot and sermon
typology is a popular and frequently used one. According to McCormick et al. (2017), three
major classes of public policy instruments exist: regulations (stick), economic means (carrot),
and information (sermon). Sticks, carrots and sermons differ in many ways but foremost in

3 Therefore, in Figure 3 only ‘private household consumption’ is depicted in black, ‘government consumption’
and ‘gross fixed capital formation’ are depicted in grey.
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how far they constrain citizens in their actions. Regulations are considered the most
constraining instrument, information on the other hand is seen as the least constraining policy
instrument (McCormick et al. 2017)

Regulations are defined as measure implemented by public authorities ‘to influence people
by means of formulated rules and directives’ (McCormick et al. 2017, p. 10). They can be
unconditional (i.e. absolute) or conditional (i.e. with exceptions and permissions) (McCormick
et al. 2017). Regulations are in practice mostly coupled with sanctions, but there are also
nonsanctioned rules.

Economic policy instruments incentivize or disincentivize certain actions, but they do explicitly
not ‘prescribe nor prohibit the action involved’ (McCormick et al. 2017, p. 32). For the citizens
the action becomes ‘cheaper or more expensive in terms of money, time, effort’ (McCormick
et al. 2017, p. 32). Applied incentives are for instance subsidies or government’s provision of
goods and services. Taxes, fees and charges are typical examples for disincentives.

Information is a policy instrument which emerged in rather recent times. Through sermons, a
government ‘attempts at influencing people through the transfer of knowledge, the
communication of reasoned argument, and persuasion’ (McCormick et al. 2017, p. 33).
Information can be mediated through media (internet, TV), printed matter and posters. but
also through workshops, government examples or exhibitions.

4  Literature review

4.1 Comparison of cities’ GHG emissions and accounting approaches

Previous research found that consumption-based carbon footprints of cities usually strongly
exceed production-based carbon emissions emitted within these cities. A study on Brussels by
Athanassiadis et al. (2018) found four times larger GHG emissions when applying a
consumption-based carbon footprint method than from a production-based accounting
perspective. Most of these emissions are embodied in trade which is largely overlooked by
the production-based approach (Athanassiadis et al. 2018). There are almost no production
facilities situated within Brussles’ cities borders which explains this discrepancy as well
(Athanassiadis et al. 2018). Also Pichler et al. (2017) find that consumption based emissions
are considerably larger than production-based emissions for Berlin, New York City, Delhi and
Mexico City. The difference is most pronounced in Berlin and New York City where
consumption patterns entail large amounts of ‘imported’ GHG emissions. Millward-Hopkins
et al. (2017) compare production-based emissions with consumption-based emissions for
Bristol, UK. The consumption-based perspective yields three times larger CO,-footprints than
those captured by the production-based approach. The food sector in Bristol explains a great
part of this difference. C40 (2018) examines 79 cities and finds that in 80% or 63 cities, the
consumption-based GHG emissions are larger than sector-based GHG emissions. Cities, where
consumption-based emissions exceed production-based emissions are denoted as ‘consumer
cities’ while cities with the opposite allocation are named ‘producer cities’ (C40 2018). Pichler
et al. (2017) identify evermore complex and intensive global production chains as one main
reason why the accounted emissions on the local level differ so much. There is an immense
‘separation of the geographic locations of production and consumption’ (Pichler et al. 2017,
p. 2) on the city level.
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The accounting methods used to estimate consumption-based carbon emissions differ largely
with respect to emission boundaries and emission selection, indicating that consumption-
based carbon footprint modeling for cities has not yet found a common methodology (Chen
et al. 2019). While the majority of studies focus on urban households, some estimate
consumption-based carbon emissions for all final demand sectors, i.e. not just for private
urban households (Chen et al. 2019). The accurateness of consumption-based footprint
calculations has risen as Input-Output Tables have become more detailed (Wiedmann 2009a).
The studies often allocate GHG emissions differently. The methodologies are also different
because data quality differs considerably. When data is aggregated on a high sectoral level,
serious estimation errors can be the consequence. An optimal carbon footprint calculation
requires local, national and global data of final demand (Frye-Levine and Levine 2017). As long
as these differences exist and methodologies are not standardized, comparing city’s
environmental impact in terms of GHG emissions has to be done with caution.

Due to an absence of reliable data, most of the urban carbon accounting literature focuses on
the carbon footprint that arises from final demand of private households. Estimating the
carbon footprint of city government and financial investment gets less attention in the
scientific literature but is nonetheless relevant in terms of its estimated magnitude. Emissions
arising from (city)-government services can be attributed to a city’s administration, medical
care, defense and infrastructure (Baynes et al. 2011). Larsen and Hertwich (2010a) find that
0.4 to 2.9 tCOzeq per capita can be attributed to local government spending in Norway.
Quantifying the carbon impact of local government spending in Melbourne, Wiedmann et al.
(2016) report a carbon footprint of 3.7 tCO.eq per capita. Most consumption-based GHG
inventories neglect public service due to an absence of data describing governmental demand
on city level, as for example in Pichler et al. (2017). A rather detailed model for municipal
carbon-based accounting (i.e. estimating the carbon footprint for local government spending)
has been undertaken by Larsen and Hertwich (2010b) but the common way is to downscale
national account values to the local level on a per capita-basis (Minx et al. 2013)

4.2 Local climate plans and their effectiveness

Cities typically state their climate mitigation goals, implementation strategies and priorities in
local climate plans (LCPs) (or sometimes also called climate action plans) which are evaluated
along various criteria in the literature. The research field ‘plan evaluation’ and ‘plan quality
studies’ analyses these LCPs (Reckien et al. 2019). There are different criteria to assess the
overall climate strategy of a city. Reckien et al. (2014) evaluate numerous European LCPs with
respect to their connection to national and European climate strategies. In a more recent
work, Reckien et al. (2019) have assessed LCPs for their extent of ‘mainstreaming’.
Mainstreaming can be defined as ‘the integration of policies and measures to address climate
change in ongoing sectoral and development planning and decision-making’ (Hurtado et al.
2014, p. 749). As climate change has interdependent effects on and consequences for various
policy sectors and therefore requires holistic approaches. In line with this, Rauken et al. (2015)
argue that LCPs should also exhibit a large degree of mainstreaming.

Whether measures in climate action plans lead to an abatement effect depends on a variety

of factors. How well the measure’s effectiveness was assessed by the city municipality ex-ante

is one crucial factor (Erickson et al. 2013). City-level emission-targets are often meant as a

political statement rather than a concrete action plan which limits efforts to actually achieve

the goal (Erickson et al. 2013). While this clearly lowers the overall abatement potential,

Reckien et al. (2014) find that implemented measures focus too much on particular problems
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(e.g. increasing bike lanes) instead of systemic changes such as tackling the increased demand
for evermore and faster urban transportation solutions.

4.3 Entry points for urban-scale climate action

Urban-scale climate action can be implemented in different ways. Companies and NGOs are
important actors to implement climate mitigation measures in cities, yet the following
overview only refers to urban-scale climate action adopted by a city government and
implemented by the city administration. Different means of urban-scale climate action can be
condensed into three main entry points for policies, explained in the following:

A city government can become active through green public procurement. Municipalities have
certain leverage by changing their own consumption towards low-emission goods and services
(C40 2018). They can use their purchasing power to create sufficient demand for energy
efficient products which would otherwise not find sufficient demand on the market (Larsen
and Hertwich 2010a). Green public procurement can further have a demonstrating effect, for
instance when public facilities like hospitals and school offer a low-carbon-intensive food diet
(Pichler et al. 2017). On this way, the provision of municipal services can influence private and
public consumption patterns.

Another entry point for urban-scale climate mitigation are urban planning measures. Major
instruments are building regulations, land-use planning (i.e. to decide for what purpose land
can be used) and certain fees (e.g. parking management) which are in municipal responsibility.
A city government can for instance reduce emissions of the transportation sector through an
extension of the public transport network. In fact, the type of built environment can in fact
make a difference in terms of transport and housing emissions by the factor ten as the type
of built urban infrastructure has a crucial role in shaping the life of citizens (Creutzig et al.
2016). Yet, the renewal of infrastructure is always a carbon intensive process so that the
mitigation potential of newly built infrastructure is not automatically given (Creutzig et al.
2016). Waste management and energy provision are other typical sectors where urban
planning measures can be implemented. Providing public space where people can recreate
without any pressure for consumption is another mean for climate mitigation action that falls
in this category (Wiedenhofer et al. 2018).

Finally, a municipality can also try to reach citizens’ consumption patterns rather explicitly
through consumption-based carbon mitigation policies. Consumption policies result from the
assessment of cities’ GHG emissions from a consumption-based carbon footprint perspective.
C40 (2019) lists several possible ‘consumption interventions’ which aim for the reduction of
scope 1, 2 and, 3 emissions. Cities have some leverage to reach their citizen’s consumption
patterns for instance through information campaigns, e.g. on food waste and meet
consumption (Millward-Hopkins et al. 2017). C40 (2019) identifies highly carbon intensive
consumption categories in cities such as the purchase of electronics and household
appliances, food, aviation as well as clothing and textiles. C40 (2019) therefore proposes a
reduction of newly bought textiles as one possible consumption-based carbon mitigation
policy. It is generally acknowledged as difficult for urban policy makers to reach citizens (and
their consumption patterns) through urban-scale climate mitigation measures and policies
(Wright et al. 2011a). On the other hand, Pichler et al. (2017) identifies unexploited potential
to influence consumption-based GHG emissions as city level policy makers have not become
aware about the topic yet.
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5 Theory: Environmentally extended Input-Output Analysis

‘The combination of input—output analysis and carbon footprint practice is an intriguing one
for various reasons. It is an amalgam of ‘old’ and ‘new’, of ‘economy’ and ‘environment’, of
‘top-down’ and ‘bottom-up’, even of ‘science’ and ‘policy’ (Wiedmann 2009b, p. 176).

5.1 Input-Output Analysis

Input-Output Analysis (IOA) is a widely accepted accounting methodology that is based on
national accounts (Mahajan et al. 2018). IOA allows to assess the economic structure and
interindustry connections of an economy in a comprehensive and consistent way (Chen et al.
2019). The modeling concept goes back to the economist Wassily Leontief who developed the
framework in the 1930s (Miller and Blair 2009). In general, an input-output model quantifies
the monetary structure of an economy through a system of linear equations that is given in
Input-Output Tables (I0Ts) (Miller and Blair 2009). IOT’s contain interindustry relations of an
economy as well as the structure of final demand. Thus, an IOA using I0Ts depicts ‘inputs
required by each economic activity (or sector) to produce that activity’s output to both other
activities and to final demand’ (Schaffartzik et al. 2014, p. 2). National statistics offices
regularly assemble IOTs which allows estimating a country’s gross domestic product (GDP). To
facilitate this, the information of an economy’s structure is normally given in monetary terms
although an accounting structure in physical terms would be theoretically possible as well
(Schaffartzik et al. 2014).

5.2 From IOA to EE-MRIOA for a city

The most basic IOA framework can be extended in various ways. I0Ts can become more
complex when further details of economic activity (spatial or temporal) are integrated (Miller
and Blair 2009). A multiregional input—output (MRIO) model adds further information of the
structure of production and final consumption between multiple economies/regions to the
simple ‘single-region” model (Schaffartzik et al. 2014). This allows to examine complete global
production networks in a coherent manner, as MRIO-models capture direct and indirect
economic entanglements (Athanassiadis et al. 2018). Another way to extend a simple I0A is
to add information from physical accounting such as energy or material use or pollution
(Schaffartzik et al. 2014). Merging ‘information from physical accounting, for example, on
energy or material use or pollution ’ (Schaffartzik et al. 2014, p. 1) with 10Ts allows to conduct
an environmentally extended Input-Output Analysis (EE-IOA%). An input-output model that
estimates a country’s GHG emission impacts combines both extensions and is therefore one
particular form of environmentally extended multi-regional Input-Output Analysis (EE-
MRIOA). A city-level Input-Output Analysis that estimates these emission impacts as a
consequence of the activities in a city is thus a concrete application of an EE-MRIOA.

5.3 Input-Output Tables

Environmentally extended multi-regional Input-Output Tables contain data on the
interrelationship between global economic activity and the corresponding environmental
effects (Stadler et al. 2018). MRIO databases such as GTAP, Eora or EXIOBASE assemble various
local or national IOTs in one large model. They differ mainly in temporal and spatial coverage

4 Merging environmental information to the 10 framework requires to have a clear concept since the data on
environmental extension are normally given in physical units (e.g. tons of material), Input-Output Tables however
are recorded in monetary units (Schaffartzik et al. 2014).
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but also with respect to the degree of sectoral detail and environmental stress incorporated
in the data (Steininger et al. 2018). The improvement of existing MRIO databases and the
development of new ones has triggered MRIO applications for IOA in the recent years
(Steininger et al. 2018).

5.4 The case for EE-IOA for city carbon footprinting

One concrete and well established application of EE-MRIOA is the practice of consumption
based carbon footprinting of GHG on a regional or national level (Wiedmann 2009b). A carbon
footprint indicator has the purpose of ‘encompass[ing] all ‘traces’ that an activity leaves
behind’ (Wiedmann 2009b, p. 176). Methodologically, there are two main approaches to
construct a carbon footprint indicator: Process Analysis (PA) and EE-IOA.

Process analysis (PA) has been developed for capturing the environmental impact of products
with a great level of accuracy (Wright et al. 2011a). This accuracy and also transparency can
be reached using specific primary and secondary data for the calculation. These data
requirements make PA a very time- and labor intensive task (Wright et al. 2011a). Another
downside of PA is the necessity to define system boundaries which inevitably implies
truncation errors (Wiedmann 2009b). While PA clearly is a bottom-up approach, EE-IOA is
considered a top-down approach (Wright et al. 2011a). This is because the required data, such
as aggregated environmental data, are collected at the meso-level (Wright et al. 2011a). As
EE-IOA is an economywide approach that does not require to define system boundaries, larger
entities such as product groups, firms or countries can be well assessed with this approach
(Wiedmann 2009b). By construction, no GHG emissions are left out. EE-IOA encompasses a
“full life-cycle perspective’ (Wiedmann 2009b, p. 176) which means that the method allows to
track how ‘embodied impacts ‘move’ from sector to sector, or nation to nation, in various
forms of raw and finished products’ (Kitzes 2013, p. 490).

Resulting from those advantages | argue that EE-IOA is able to capture urban GHG emissions
in @ more holistic manner than through PA. As the focus of this work is further to consider the
whole city (hence the environmental impact of household consumption, local government
consumption and capital investment), precise estimations of carbon footprints of particular
products or services are not the declared goal. Instead, the method is able to take into account
the gross of relevant greenhouse gases which will then be summed up as a city’s GHG
footprint. EE-IOA enables this, as labor and time capacities for the estimation are also by far
smaller than for a PA, once an input-output-model has been configured properly (Wiedmann
2009b). C40 (2018) argues that applying a top-down methodology (i.e. an environmentally
extended input—output analysis) is the only practical way to estimate a carbon footprint
indicator for a city.

5.5 Limitations of EE-IOA

Despite its suitability as a methodological basis to calculate carbon footprint for the city level,
there are certain shortcomings of IOA that need to be introduced. One general limitation
stems from the fact that physical flows (such as GHGs) need to be connected to monetary 10
tables, because there are no physical 10 tables that can be used for this (Schaffartzik et al.
2014). Researchers thus need make certain assumptions to be able to connect these different
units, leading to uncertainty in the model.

In an I0A, within one sector, prices, outputs and GHG emissions are assumed to be
homogenous (Wiedmann 2009b). The homogeneity of prices at the sector levels is a major
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assumptionsin all 10 models, however it simplifies reality as ‘different economic activities may
pay different prices for one and the same product’ (Schaffartzik et al. 2014, p. 14).
Homogeneity of GHG emissions means that industries which differ considerably in their extent
of environmental impacts are nonetheless aggregated into the same sector, thereby getting
assigned to average emission intensities®> (Wright et al. 2011a). Higher sector resolution in EE-
IOTs can alleviate the problem, yet GHG emissions will always remain homogenous to a certain
degree as soon as different products are grouped within one category (Kitzes 2013).

In addition to the limitations described, there are other minor shortcomings of the method.
Some economic activities, such as burning firewood on people’s private ground cannot be
captured through a IOA — a limitation that is foremost of relevance for low-income countries
where environmental damages are often not recorded (Kitzes 2013). Problems with practical
applications such as strongly unequal number of sectors across countries in MRIOs and carbon
emission datasets which are not standardized are another weakness of EE-IO applications
(Lenzen et al. 2012). Methodological challenges of consumption-based GHG accounting for a
city or a region also arise from the definition of accounting boundaries: researchers are
challenged to define the boundaries when developing a city-scale carbon footprint, as the
boundaries in an urban context are less clear than on the national level (Wright et al. 2011a).

6 Theory: Mainstreaming and climate policy integration

The concept of mainstreaming denotes ‘the integration of policies and measures to address
climate change in ongoing sectoral and development planning and decision-making’ (Hurtado
et al. 2014, p. 749). While this concept is used to describe the integration of climate adaptation
and mitigation policies, researchers in this field often deploy the related but more specific
concept of Climate Policy Integration (CPIl). The origins of CPI can be found in Underdal (1980)
who defined an integrated policy as one ‘where the constituent elements are brought
together and made subjects to a single, unifying conception’ (Underdal 1980, p. 159). Mickwitz
(2009) has created a research framework for the analysis of carbon mitigation policies and
defines CPl along two criteria. Firstly, CPl is present when there is an incorporation of climate
change mitigation policies® into other stages of policy-making. Secondly, the author speaks of
CPlwhen there are ‘expected consequences for climate change mitigation and adaptation into
an overall evaluation of policy and a commitment to minimize contradictions between climate
policies and other policies.” (Mickwitz 2009, p. 19).

When a policy strategy is characterized by a high degree of CPI, favorable implications can be
expected (Reckien et al. 2019). Rauken et al. (2015) summarize the findings of other scholars
and argue that ‘a mainstreaming approach is expected to increase policy coherence, minimize
duplications and contradictory policies, avoid mal-adaptation, deal with trade-offs and
capture the opportunities for synergistic results in terms of increased adaptive capacity’
(Rauken et al. 2015, p. 408). Despite the synergies described, integrated climate mitigation
policies are not a panacea. Even though integrated climate policy aims can be a crucial driver
for effective climate polices, if political support or financial resources are missing, CPl can be

5 An organic grass-raised beef in real life causes lower GHG emissions than beef from factory-farming. A
consumption-based carbon footprint analysis using EE-IOA however would not be able to track the difference,
as the demand for both products is accounted in the same category ‘beef’ (Roberts 2019).
5The author also lists climate adaption policies which can be incorporated into other stages of policy-making
(Mickwitz 2009). As climate adaption policies are not directly covered in this work, these climate adaption policies
are left out of the definition.

22



rather ineffective in terms of concrete climate mitigation outcomes (Mickwitz 2009). Further,
Reckien et al. (2019) point out that in some cases, LCPs with a narrow focus (i.e. LCPs that
cannot be considered as ‘integrated’) have yielded more effective climate mitigation results
than LCPs with a broader scope.

Climate Policy Integration can be classified into vertical and horizontal policy integration which
is illustrated in Figure 5 (Mickwitz 2009). When climate policies are designed not just for one
specific sector, but are part of a broader planning framework or planned by any governmental
body, this is considered a horizontal approach (Reckien et al. 2019). In contrast, vertical policy
integration means to integrate climate policies within the same specific sector (Reckien et al.
2019). Vertical policy integration hence refers to the multi-level governance (MLG)
perspective that looks at the intergovernmental relations between the national, regional and
local level (Bache and Flinders 2004).

Palicy field: 1 Palicy field: 1 Policy field:
Energy policy 1 Trafficpolicy 1 Technology

1 1 policy
Horizontal Policy Integration

Policy field:

Agencies

—

Local level

Figure 5: Horizontal and vertical climate policy integration (Mickwitz 2009)
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7 Methodology and data: Consumption-based carbon footprint
model

The model applied in this work estimates the carbon footprint of Vienna which includes scope
1-3 emissions induced by final demand from private households, Vienna’s government
consumption and Vienna’s share of gross fixed capital formation for the year 2010”.

7.1 Consumption-based carbon footprint model

The consumption-based carbon footprint modeling framework used in this work is the EE-
MRIO Eora (Lenzen et al. 2012; Lenzen et al. 2013). It is used to estimate the consumption-
based carbon footprint of the respective final demand sectors private households,
government consumption and Vienna’s share of gross fixed capital formation. An overview on
this is given hereafter:

1. Estimating Vienna’s household carbon footprint relied on data from household
consumption statistic of Statistics Austria (2013). The method was adopted from
Smetschka et al.’s (2019) consumption based carbon footprint model for Austria. The
methodology is described in section 7.2.

2. Estimating Vienna’s government consumption used a Vienna-specific final demand
vector provided by Statistics Austria. The methodology is described in section 7.3.

3. Estimating Vienna’s gross fixed capital investment was done by downscaling the
national final demand vector to the regional (=Vienna) level. The methodology is
described in section 7.3.

The modeling framework is built upon the standard input-output identity in which final
demand y consists out of the free final demand sectors Yhousehold consumption, Ygovernment consumption

and Ycapital investment:

— -1
qg=F * ( I - A) *Yi (Vhousehold consumption + Y government consumption + Ycapital investment)

Equation 1: Standard mathematical input-output identity

(1 - A)*describes the Leontief inverse, that allows to estimate GHG emissions q (Miller and
Blair 2009). The three final demand sectors Yhousehold consumption, Ygovernment consumption and Y capital
investment €Xert demand for goods and services F (Miller and Blair 2009). The sum of the carbon
footprints that will be gained from the estimation will yield Vienna’s consumption-based
carbon footprint. The model’s results are reported in tons of CO,-Equivalents and include all
Kyoto gases (CO,, CHa, N2O, HFCs, PFCs, SFs, NF3).

7 This year was chosen for the reason of data availability. Though more recent findings would be desirable, an
assessment of Vienna’s Carbon Footprint for this year is still insightful, as this work focuses on examining the
general differences in carbon accounting methods and not on the absolute level of GHG emissions in Vienna.
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7.2 Household carbon footprints

Smetschka et al. (2019) bridged data from local consumer expenditure surveys (CES) with the
Eora framework in several steps®. They firstly calculated Austria’s indirect household
footprint. The CES has been collected at five yearly intervals by Statistics Austria and contains
income and consumption information of 6534 representative households in Austria on a
COICOP (Classification of Individual Consumption by Purpose) 2 level (Smetschka et al. 2019).
Austria’s household budget survey classifies products and services in a different manner than
Eora, which required a harmonization of those classifications through concordance matrices
(Smetschka et al. 2019). The authors further used data on energy prices and carbon emissions
factors to quantify direct emissions of household consumption. Consumer’s annual
expenditure on gasoline, diesel, heating oil, natural gas and electricity were taken from the
household budget survey (Statistics Austria 2013). Smetschka et al.’s (2019) model yields the
Austrian household carbon footprint associated with final demand.

To gain Vienna’s consumption-based carbon footprint required the author of this work to
isolate the carbon footprint of all non-Viennese households. As the variables in the model of
Smetschka et al. (2019) contain an indicator for the respective federal state, it was possible to
extract the data of the 1246 Viennese households. Multiplying the values of each household
with its specific weight for which one representative household stands for, yielded Vienna’s
estimated household carbon footprint induced by final demand of household consumption

Yhousehold consumption.

7.3 Carbon footprints of governmental consumption and capital
investment

To estimate both Vienna’s carbon footprint associated with local government consumption
and capital investment (gross fixed capital formation) requires to take the final demand
vectors for Austria for the year 2010 as starting point. The estimation of Austria’s national
carbon footprint of governmental consumption and capital investment was necessary to
deduce Vienna’s carbon footprint of governmental consumption and capital investment.

7.3.1 National carbon footprint of governmental consumption and capital
investment

The full version of the Eora MRIO contains Austrian final demand vectors of national
government consumption and capital investment (gross fixed capital formation) for 59
consumption categories. The footprint intensities of consumption are captured in an
environmental multiplier-vector. Multiplying this vector of final demand of domestic goods
with the footprint-intensity vector for each of the respective 59 consumption categories
yielded the first part of the government consumption carbon footprint that results from final
demand of domestic goods.

In the next step, the Eora26 MRIO table was used to account for the carbon impact of domestic
final demand for imported goods. Eora26 is a symmetric Input-Output Table where inter-
industry relations and final demand is given for 26 uniform consumption categories. The
aggregated vector of average footprint intensities of consumption was multiplied in an

8 Their CES-MRIO methodology will not be described in detail here, as it is available in their article. However, this
section lays out the major steps undertaken to bridge CES data with the MRIO.
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analogous manner. Subtracting both vectors then yielded the carbon footprint induced by
final demand for domestic and imported goods and services.

The resulting carbon footprint for Austrian government consumption and capital investment
were tested for plausibility. They were considered similar enough to results from Steininger
et al. (2018). While this work estimates the 2010 national carbon footprint for government
final consumption and gross fixed capital formation to be respectively 13.2 and 19.4 tCO;eq,
Steininger et al. (2018) find 10.0 and 26.4 tCOeq for the year 2011. In a related research,
Wieland (2016) finds 9.3 and 25.9 tCO,eq for the year 2010.

7.3.2 Carbon footprint of Vienna’s government consumption and capital
investment

To gain Vienna’s carbon footprint of local government spending, two approaches to estimate
final demand on the city-scale were considered. A first approximation was to downscale the
national footprint on a simple per capita basis as equally done in Minx et al. (2013) and
Millward-Hopkins et al. (2017). Doing this assumes that every Austrian citizen benefits from
government expenditures and capital investments in the same way (Minx et al. 2013).

Going beyond this first approximation, secondary data sources to arrive at estimations of the
final consumption of Vienna’s city government, as well as the gross capital investment
occurring within the city were used. For the comparison, a vector of Vienna’s public
consumption for the year 2011, provided by the Austrian Institute of Economic Research -
WIFO (“Osterreichisches Institut fiir Wirtschaftsforschung Wien“) was used. Moreover, the
yearly balance sheet of government expenses for the year 2010 (“Rechnungsabschluss der
Stadt Wien 2010”) (MA 5 2011) was used for comparison as well®. Comparing these three
estimates, the WIFO final demand estimation came close to the mean value of these three
data sources (15.629.000€) and was therefore considered the most plausible. Consequently,
for estimating the carbon footprint for Vienna’s local government, | used the data from WIFO.

Table 2: Comparison of data and estimates of Vienna's total government consumption (own
illustration)

Vienna’s total government consumption (in 1000 €)

Estimated consumption expenses — WIFO

year 2011 15.614
Per capita downscale of national final demand vector — Eora full version

year 2010 19.944
Balance sheet government expenses - City of Vienna

year 2010 11.327
Calculated mean value 15.629

After converting this expenditure vector from CPA classification into the product classification
used in Eora and applying a price conversion to 2010-prices in US-Dollar, the vector was
multiplied with the respective environmental multiplier (i.e. carbon intensity of consumption).

9 As the data source also lists expenses that are actually considered capital investments (e.g. expenses for road
infrastructure), these values were subtracted. Therefore, the total of government expenses in Table 2 deviate
slightly from the reported numbers in the official city document.
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The calculation then yielded the carbon footprint induced by final demand associated with
local government spending Ygovernment consumption.

Downscaling capital investment from the national to the local level was done on an equal per
capita basis, as local expenditure statistics for this final demand vector were not available. The
same assumption as described above is therefore implicitly assumed. Furthermore, it was
verified that final demand values from the government consumption vector are not accounted
in gross fixed capital formation as well (and vice versa). The calculation yielded the CF
associated with the capital investment, respectively for Vienna, Ycapital investment.

7.4 Limitations and uncertainties of this work’s carbon footprint model

The model at hand introduces a more realistic understanding of a city’s carbon footprint than
most other scientific work in this context, as it integrates all three final components into the
estimation. At the same time, this conception implies methodological uncertainties and
limitations with respect to the model’s internal validity. While the carbon footprint for
household consumption on a city-scale has been subject to a growing number of academic
studies, e.g. (lvanova et al. 2017; Pichler et al. 2017; Athanassiadis et al. 2018; Fry et al. 2018),
the CF estimation of (local) government spending and capital investment has received much
less attention in the literature. This impeded the process of finding a suitable methodology to
estimate the CF of these final demand sectors.

The estimation of Vienna’s carbon footprint therefore suffers foremost of uncertainties that
are related to the final demand vectors gross fixed capital and government consumption.
Firstly, the CF of the latter might be overestimated since government consumption in Vienna
might include expenses from which not only Viennese citizens take advantage of, but also
other Austrian citizens. In other words, it is hard to strictly separate local and federal
governmental demand/expenses in a clear-cut way. A country’s administration and public
authorities are normally situated in their capital. When expenses of these public authorities
are accounted in input-output statistics, they also find their representation in the city’s carbon
footprint. The results of this study might therefore be biased in this respect. Secondly, the
estimated carbon footprint of Vienna’s household consumption is probably the most precise
estimation of all vectors, as it applies CES data for the estimation. This most likely improves
accuracy since household consumption surveys normally have a fine resolution. The results of
this household carbon footprint can be found in the Annex.

Consumption based accounting models at city-scale suffer from their limited geographical
resolution (Baynes and Wiedmann 2012). The model at hand uses national IO-Tables that only
approximates the local economic structure which is probably not identical with the national
one (Wiedmann 2009b). Regional I0-Tables could be an effective remedy to overcome this
model limitation in the future. Furthermore, the footprint model makes use of national
environmental data, i.e. national carbon intensity multipliers which implicitly also assumes
their suitability for the regional level. Regional and therefore more precise environmental
multipliers would improve the estimation. Following Minx et al. (2013), using national
environmental multipliers in a regional (=Viennese) context is nonetheless reasonable in the
case of a relatively homogeneous country as Austrial®. In general, the accuracy of local

10 Homogenous in a sense that the carbon intensities should not differ too much across Austria’s federal states,
as it is likely to be the case in countries with a more unequal production technique and resources.
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environmental footprint depends on ‘how closely local conditions match national averages’
(Wright et al. 20114, p. 56).

7.5

Data used

The following table provides an overview of data sources used in the carbon footprint model

for Vienna:

Table 3: Overview of data sources for carbon footprint model of Vienna (own illustration, based on
Smetschka et al. (2019))

Austrian Multi-regional Vienna Vienna gross fixed
household input output government capital estimation
budget survey — model, Eora consumption | vector — downscale
Vienna vector - WIFO of national data
households only estimation

Temporal 04/2009- 2009 and 2010 2011 2009 and 2010

coverage 05/2010

Population | Vienna's 192 Not applicable = 192

covered households countries/econo countries/economi

mies es

Sample size | 1246 Complete Not applicable Complete
households, representation of representation of
sample the world- the world-economy
weighting economy in 25- in 25-340 sectors,
provided to 340 sectors, depending on
achieve depending on country-level

representativen
ess

country-level
information

information

Response 38% Not applicable Not applicable = Not applicable
rate
Number of | 53 categories, In the Eora MRIO, CPA*64 In the Eora MRIO,
categories | derived from the Austrian the Austrian
detailed COICOP economy is economy is
data structure represented along represented along
59 consumption 59 consumption
categories, categories,
additionally 4 additionally 4
categories of categories of direct
direct energy use energy use were
were estimated. estimated.
Source Statistics Austria = Lenzen et al. Wifo (2011) Lenzen et al. (2012;

(2013)

(2012; 2013)

2013)

All data on GHG emissions estimated by the KIiP/BLI model is taken from Austria’s open-data
platform data.gv.at (Bundesministerium fiir Digitalisierung und Wirtschaftsstandort 2017)
and correspond to the GHG emissions that are reported in various official policy documents.



8 Methodology and data: Policy Analysis

8.1 Conceptual framework for CPl-analysis - 5 criteria for the research
framework

Mickwitz (2009) suggests a concrete research framework for examining how much climate
mitigation policies can be considered integrated on both the vertical and the horizontal level.
He defines five criteria to assess climate mitigation policies for their extent of Climate Policy
Integration. These criteria are inclusion, consistency, weighting, reporting and resources (see
Table 4). Along these criteria, | undertook a qualitative assessment of Vienna’s climate
mitigation plans.

Table 4: CPI criteria as defined by Mickwitz (2009) (own illustration)

Criterion Definition
Inclusion To what extent is direct as well as indirect climate change mitigation
covered?

Consistency | Have the contradictions between the aims related to climate change
mitigation and adaptation and other policy goals been assessed and have
there been efforts to minimize revealed contradictions?

Weighting Has the relative priority of climate change mitigation and adaptation impacts
compared to other policy aims been decided and are there procedures for
determining the relative priorities?

Reporting Are there clearly stated evaluation and reporting requirements for climate
change mitigation and adaptation impacts (including deadlines) ex ante
planned and have such evaluations and reporting happened ex post?
Resources Is internal as well as external knowhow about climate change mitigation and
adaptation impacts available and used and are resources provided?

The evaluation framework by Mickwitz (2009) was chosen to analyze Vienna’s carbon
mitigation plan because the criteria were considered transparent and comprehensible.
Moreover, the concept can be used on any government level, i.e. it is equally suitable to
analyze climate mitigation policies implemented on national, regional or local level (Mickwitz
2009). In more recent literature, Niedertscheider et al. (2018) for instance have applied these
criteria for the case of Austrian climate policies, adding several criteria to their research
framework. On this way, they were able to gain deeper insights on the government’s ability
for reflexivity!. In this master’s thesis, | decided deliberately to apply the five initial criteria
by Mickwitz (2009) only to keep the analysis on a feasible level.

8.2 Dataused

For this assessment, all relevant documents published by the City of Vienna that describe
planned and implemented climate mitigation policies for Vienna are taken into account'?. The

1 The criterion of reflexivity examines whether the evaluation of applied mitigation measures triggered a certain
degree of governance learning (Mickwitz 2009).

12 The assessed documents were the two climate protection programs (“KIiP I+11”), the corresponding evaluation
reports (“Klimaschutzprogramm Bericht”, “Fortschrittsbericht Gber die Umsetzung des Klimaschutzprogramms
(KIiP) der Stadt Wien”) e.g. (Fohler-Norek 2018), (Magistrat der Stadt Wien MD — Klimaschutzkoordination 2017)
as well as the ,Smart City Wien Framework Strategy” (Homeier and MA 18 2016.
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‘Monitoring Report 2017 — Smart City Wien Framework Strategy’ (Homeier 2017) was a
particularly insightful document, as the authors have analyzed Vienna’s Smart City Strategy
along similar criteria as Mickwitz (2009).

8.3 Limitations of the applied research framework

The evaluation framework by Mickwitz (2009), as being applied in this work, inhabits certain
restrictions. Firstly, Vienna’s climate mitigation strategy is only observed in a static way. This
means that policy developments, external influences and short-term events are not subject to
the investigation. In fact, Vienna’s LCP in form of KIiP I+1l (and also other strategic documents
such as Vienna’s ‘Smart City Wien Framework Strategy’) is treated largely time-independent.
Niedertscheider et al. (2018) have classified Austria’s climate policies from 1990 to 2014 into
four temporal phases and determined the degree of CPI separately for each phase. A full-
fledged analysis would further relate Vienna’s local policy strategy to national and
supranational CCM policies. Therefore, this qualitative analysis cannot reflect the complete
MLP perspective in the sense of Bache and Flinders (2004). These limitations will therefore
restrict the internal validity of the qualitative research model. However, for this work, applying
the CPI perspective has primarily the function to examine Vienna’s climate mitigation policies
in a systematic way. Therefore, | argue that the described limitations can be accepted.

9 The case of Vienna

9.1 Vienna’s GHG inventory

There are two prevalent accounting methods for calculating Vienna’s GHG emissions: One
accounting method is applied in Austria’s Survey of Air Pollutants (“Bundeslander
Luftschadstoff-Inventur (BLI)“), from hereon called ‘BLI (accounting method)’. The second
accounting method that is mainly referred to in the city’s climate policy documents will be
henceforth called ‘KliP (accounting method)’. Since both accounting systems differ to a certain
respect in their underlying accounting method, also the estimated GHG emissions differ in
magnitude. Both methods however have in common that GHG emissions accounting is based
on the allocation of emissions to GHG emission source categories (i.e. production-based
accounting method) for which the United Nations Framework Convention on Climate Change,
UNFCCC provides the binding reporting format (Anderl et al. 2018b).

In both accounting methods, GHGs are attributed to the following GHG emission source
categories®3:

e Energy

e Industry

e Transportation
e Buildings

e Agriculture
e Waste management

13 GHG emissions in the most recent KIiP document are ordered differently i.e. attributed to other GHG emitter
groups. In Stadt Wien 2009, GHG emissions are assigned to the sectors 1. Energy supply, 2. Small-scale
consumption, 3. Industry, 4. Transport, 5. Agriculture and 6. Others. Since the notation has changed in more
recent climate-related policy documents e.g. (Holzman et al. 2019), | use the most recent notation.



e Fluorinated gases

9.1.1 BLI accounting method

The yearly estimation of air pollutants for all federal states in Austria is reported in the Survey
of Air Pollutants in Austria (Anderl et al. 2018b). Austria’s federal environmental agency, the
Umweltbundesamt applies the BLI accounting method which regionalizes Austria's national
carbon emissions based on Austria's National Greenhouse Gas Inventory (“Osterreichische
Luftschadstoff-Inventur (OLI)”) to the federal state level. Therefore, the accounting method
for the federal states (i.e. also for Vienna) is based on the national accounting methodology.
The BLI accounting approach is embedded in international inventory rules, such as the Kyoto
Protocol which is in line with the inventory conventions from the Intergovernmental Panel on
Climate Change (IPCC) (Anderl et al. 2018b).

In the GHG accounting practice, point sources of emissions are distinguished from area
sources of emissions. In contrast to area sources of emissions, point emissions can be
attributed to a single localized emitter such as a large industry plant or an energy production
site. Accounting for the emissions of such, the BLI uses emission data that are provided by the
‘operator’ (i.e. by the industry plant or energy production site) given that the reported data
are considered plausible (Anderl et al. 2018a). The regionalization of point sources is therefore
relatively easy, as GHG emissions can be directly assigned to the federal states in which the
industry plant or energy production site is located (Anderl et al. 2018b). When exact data for
point sources are unavailable, national emission factors'* need to be multiplied with activity
data® which yields the estimated GHG emissions.

Area sources of emissions in Austria mostly comprise emissions from the combustion of fossil
fuels (Anderl et al. 2018b). Regionalizing area sources of emissions in the BLI is done using
emission factors based on energy consumption to assign those emissions to the federal states.
Statistics Austria provides the necessary data on energy consumption (Anderl et al. 2018b).
Other (non-energy related) emissions from area sources are regionalized in a similar way
through activity data and other statistical proxy data. For these, various data sources such as
yearly reports of companies, reports from the Federal Ministry for Sustainability and Tourism
(“Bundesministerium fir Nachhaltigkeit und Tourismus”) and others are used (Anderl et al.
2018b).

9.1.2 KIiP accounting method

The KIiP accounting method cannot be considered an own distinct accounting approach. It is
rather an adaptation of the national-level BLI method that is used to better describe those
GHG emissions that are deemed to be directly influenced by the City of Vienna (Stadt Wien
2009). The administrative entity behind the approach in Vienna is the ‘Executive Office for the
Coordination of Climate Protection Measures’ (“Magistratsdirektion
Klimaschutzkoordination” (MD-KLI)), as the KIiP documents are commissioned by the MD-KLI.

4 An emission factor ‘converts activity data into GHG emissions data (e.g., kg CO2eq emitted per liter of fuel
consumed, kg CO2eq emitted per kilometer traveled, etc.)’ (World Resources Institute et al. 2014, p. 163).

15 Activity data is ‘a quantitative measure of a level of activity that results in GHG emissions. Examples of activity
data include kilowatt-hours of electricity used, quantity of fuel used, [...] and floor area of a building’ (World
Resources Institute et al. 2014, p. 163).
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In general, the KIiP accounting method follows the same accounting logic as the BLI, varies
however with respect to the inventory of EU-ETS and traffic emissions:

1. The KIiP method excludes GHG emissions from emitters that are regulated by the
Emission Trading System (ETS) of the European Union (EU) (Stadt Wien 2009). For the
case of Vienna, those EU-ETS emissions stem from energy intensive branches and
energy production companies'®. The MD-KLI states that the City of Vienna is not
equipped with any legal means to incentivize those companies and energy producers
to reduce their GHG emissions!’. Therefore, these emissions are not considered to be
susceptible by the City of Vienna and are consequently not accounted within the KIiP
accounting method.

2. The KIliP accounting approach further neglects traffic emissions that are not directly
attributable to Vienna (Homeier 2017). Instead, traffic emissions in the KliP approach
are calculated based on Vienna’s data management system (“Emissionskataster”)
emikat.at. Traffic emissions in the BLI approach are based on the amount of fuel that
is sold within the municipal boundaries of Vienna. The data management system
emikat.at instead adds up emissions from a bottom-up estimation, where fragmented
data sources from traffic counting, measurement data or regional statistical material
are compiled (Anderl et al. 2018b) For the emissions stemming from road traffic,
emikat.at relies on a traffic model of the MA18 (Anderl et al. 2018b). The resulting
emissions amount to only about half of those estimated through the BLI accounting
method.

Furthermore, the KLiP-inventory excludes emissions from certain categories within some
sectors which cannot be influenced through the City of Vienna (Stadt Wien 2009). The MD-KLI
does not provide any further information on this, so it remains unclear which further emission
categories are excluded within the inventory.

9.2 Vienna’s climate mitigation strategy

As visualized in Figure 6, the climate protection program KIliP is embedded in a framework of
other policy strategies and programs of which the ‘Smart City Wien Framework Strategy 2050’
(Homeier and MA 18 2016) defines urban planning goals on the highest strategic level.
Vienna’s Smart City Framework also refers to the climate mitigation goals defined in KIiP II.
The climate mitigation measures are laid out more extensively in various projects and
programs which focus one a narrower thematic field such as energy, mobility or consumption.
The ‘Urban energy efficiency program 2030’ (“Stadtisches Energieeffizienzprogramm 2030”)
(Vogl et al. 2019) for instance contains multiple measures for the sectors households, private
and public services, industry and the producing sectors to foster energy efficiency.

16 | arge power plants with an output exceeding 20 megawatt are covered in the EU-ETS system and therefore
are being neglected within the KliP-Accounting method (Stadt Wien 2009).
17 This is because the incentives would ideally result from a scarcity of emission certificates which drives up the
prices for the certificates. The City of Vienna however has no competences to take out emission certificates from
the emission trading market (Stadt Wien 2009).
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Figure 6: Policy environment of KIiP - Positioning of Vienna's policy strategy and measures
(Buchberger et al. 2017)

Within KIiP Il, the City of Vienna formulates 37 sets of measures (consisting out of 385 single
measures) for five fields of action (Stadt Wien 2009):

e Energy supply
e Use of energy

e Mobility and city structure

e Procurement, waste management, agriculture and forestry, nature conservation
e Public relations
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10 Theoretical analysis

10.1 A scope framework perspective
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Figure 7: Vienna's GHG emission source categories from a scope-perspective (own illustration
based on World Resources Institute et al. (2014))

Figure 7 is an application of the World Research Institute’s scope framework for Vienna that
depicts the emissions categories included in Vienna’s GHG inventory and the scopes that they
relate to. The visualization reveals that the city’s inventory — accounted through both
accounting methods - includes only scope 1 GHG emissions (scope 1 emissions come from
sources located within the city boundary). Figure 7 shows these emissions in green. Scope 2
emissions (GHG emissions occurring inside or outside the city boundary as a consequence of
the use of grid-supplied electricity, heat, steam and/or cooling within the city boundary) are
not included in Vienna’s GHG inventory KIiP. The BLI method captures only those grid-supplied
energy emissions that are emitted within Vienna’s boundaries (the emissions category energy
is therefore situated within the scope 1 frame in the figure). Grid-supplied energy that is
caused by energy consumption within the city boundary but produced outside of Vienna’s
geographic boundary is not accounted for. All remaining emissions that occur outside the city
boundary (scope 3 emissions) are neither taken into account in the inventory by the KIiP nor
by the BLI accounting method.

10.2 Inventory boundaries

In Table 5, inventory boundaries for the production-based methods KIiP and BLI and for the
consumption-based carbon footprint model are identified. The term inventory boundary is
used in the ‘Global Protocol for Community-Scale Greenhouse Gas Emission Inventories’ and
‘identifies the gases, emission sources, geographic area, and time span covered by a GHG
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inventory’ (World Resources Institute et al. 2014, p. 164). In addition to this, the criteria
allocation principle, and allocation of trade, as suggested in Wright et al. (2011a), are added.
The aim of this comparison is to give an overview of some main differences of the accounting
methods and the respective inventory, thereby laying the base to discuss particular blind spots

of the GHG inventories.

Table 5: Identified inventory boundaries of the different accounting methods (own illustration)

Carbon footprint model KIiP/BLI

Geographic 192 countries covered in Eora- Vienna’s administrative/municipal

boundary MRIO boundary

Time period reporting year = calendar year =12 reporting year = calendar year = 12
months months

Greenhouse COy, CH4, N20, hydrofluorocarbons  CO,, CHs, N2O and F-Gases

gases HFCs, perfluorocarbons PFCs, ((hydrofluorocarbons (HFCs),
sulphur hexafluoride SFs, nitrogen  perfluorocarbons (PFCs), sulphur
trifluoride NF3 hexafluoride (SFs) and nitrogen

trifluoride (NF3))*8

Scopes 1-3 1

Allocation GHGs across supply chains of final = Allocation of GHGs to emission

principle demand from household source categories that are within
consumption, government Vienna’s administrative boundary
consumption and gross fixed
capital investment in Vienna

Allocation Includes imports!®, excludes Includes exports?, excludes

of trade exports imports

It becomes evident that both approaches deviate in many respects and are similar in other
respects. Firstly, they are similar in the underlying time period that both accounting methods
use as reporting period. Covered greenhouse gases are largely the same. With respect to the
geographic boundary, substantial differences are detected. Vienna’s accounting method
takes the administrative/municipal boundary as geographic boundary (thereby solely
considering scope 1 emissions). The footprint approach includes scope 1 emissions and also
GHG emissions occurring along international supply chains from goods and services consumed
by Vienna’s city residents and city government (scope 2 and 3 emissions). Both models clearly
apply contrasting allocation principles which have their origin in the consumption accounting
principle (footprint model) and the production accounting principle (KIiP/BLI accounting
approach).

18 The traffic model that is used to account for the transport emissions within the KIiP accounting approach covers
only CO: gases, CHs, N20 and F-Gases are not taken into account in this emission sector (Anderl et al. 2018b).
1%0nly imports for final demand are included. Imports for intermediate use, which are then exported again, are
excluded.
200nly emissions occurring within the city to produce exports are included. Upstream emissions of products for
export are not included.

14



Production-based
GHG emissions

e

Production inside
Vienna

Consumption
outside Vienna

Consumption-based
GHG emissions

Consumption inside
Vienna ;

Production outside
Vienna

Figure 8: lllustration of GHGs that are jointly accounted by consumption-based and production-
based accounting approach (own illustration, based on C40 (2018))

Despite these fundamental differences, certain GHGs in a city are covered through both
approaches. Figure 8 illustrates the overlap in covered GHG emissions from KIiP/BLI and the
carbon footprint, concretely by the darker blue shaded area. Coinciding emissions are those
stemming from household’s and government’s use of fuel and electricity as well as from the
consumption of goods and services from goods and services produced in Vienna.

Both approaches finally differ with respect to the allocation of trade. Production-based
accounting methods KIiP and BLI include in-boundary GHG emissions, regardless if the
‘responsible’ products and services are consumed in the city or exported?!. Carbon footprint-
accounting on the other hand does not take into account GHG emissions from exported goods
and services. However, it takes into account GHG emissions from imported goods and services.

21 |n the case of Vienna, this can be exemplified with the case of Manner (Josef Manner & Comp. AG), a
corporation for confectionery products in Vienna: The company has its production site within the municipal
boundary and exports large parts of their production beyond local and national borders (Handelszeitung 2018).
With the production-based GHG accounting method, also the GHG emissions that are due to the export of their
confectionery products are attributed to Vienna’s GHG inventory. However, as described earlier this refers only
to those emissions occurring within the city to produce exports. Upstream emissions, e.g. emissions that have
occurred to produce hazelnuts, wheat etc. are not included in the production-based GHG method.
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11 Results: GHG emissions

11.1 Vienna’s emissions trends vs. policy targets

Vienna's production-based GHG emissions from 1990-2015
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Figure 9: Vienna's production-based GHG emissions from 1990-2015 (own illustration, reference
year 2015, data taken from data.gv.at (Bundesministerium fiir Digitalisierung und
Wirtschaftsstandort 2017))

Figure 9 depicts Vienna’s total GHG emissions accounted through the KliP and BLI accounting
method. It shows absolute emissions as bars and per capita emissions as lines. From 1990 and
2015 there has been an overall reduction of absolute KIiP emissions from around 5.7 million
tCOzeq to 4.6 million tCO.eq in 2015. Absolute BLI emissions developed in a more volatile
manner. Absolute BLI emissions fell less intensely than KIiP emissions: Emission levels were
almost the same in the year 2015 as in 1990.

In KIiP 1, the main policy target was to reduce Vienna’s absolute GHG emissions from 8.5
million tCOzeq in year 1990 by 14% to 7.3 million tCO.eq until the year 2010, compared to
1990 levels (Stadt Wien 1999). This goal refers to GHG emissions accounted by the BLI
approach. As visible in Figure 9, this was not achieved.

In KIiP 1, the main policy target was set to reduce per capita GHG emissions — now the goal
refers to as KIiP emissions — from 3.8 tCO.eq in year 1990 by 21% until the year 2020,
compared to 1990 levels (Stadt Wien 2009). This goal was achieved earlier than expected: In
2016, Vienna's per capita GHG emissions (KIiP) were at 2.56 tCO,eq, a reduction of 34,8%
compared to 1990 levels (Fohler-Norek 2018). Having accomplished this reduction goal
already in 2016 implies that the policy target in Vienna’s ‘Smart City Wien Framework Strategy’
(Homeier and MA 18 2016) was reached 15 years earlier than planned. Formulated in 2016,
the strategy aimed to reduce per-capita GHG emissions (KIiP) by 35% by 2030 (Homeier and
MA 18 2016).

The recently published Smart City Wien Framework Strategy 2050 (Homeier et al. 2019) aims
to reduce per-capita GHG emissions (KIiP) by 50% until 2030 and by 85% by 2050. The
reference year has changed from 1990 levels to 2005 levels (Homeier et al. 2019).
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11.2 Vienna’s GHG production vs. consumption-based emissions for
the year 2010

Vienna's total GHG emissions for the year 2010
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Figure 10: Vienna's 2010 total GHG emissions according KliP, BLI, and the consumption-based
carbon footprint (CBCF) model of this work (own illustration)

Figure 10 shows the amount of total GHG emissions indicated by the production-based
methods KliP and BLI and the consumption-based carbon footprint model of this work (as
defined in chapter 7). Depending on the accounting method used, the total amount of GHGs
attributable to Vienna as well as per capita GHG emissions differ immensely. Vienna’s carbon
footprint amounted to approximately 27.9 million tCOzeq in year 2010 (left bar in Figure 10).
Two thirds (67%) can be attributed to Vienna’s household consumption, 18% to Vienna’s
government consumption and 14% to Vienna’s gross fixed capital formation. In per capita
terms, 27.9 million tCOzeq translates into an average carbon footprint of a Viennese citizen of
16.4 tCO,eq for the year 2010. The findings are in the same magnitude as findings by other
authors: Moran et al. (2018) found a carbon footprint for Vienna of 20.2 million tCO.eq and a
per capita carbon footprint of 11.1 tCO,eq for the year 2013%2. More detailed results on the
composition of Vienna’s household carbon footprint as estimated by my model can be found
in the Annex.

22 Moran et al. (2018) scaled down the carbon footprints for 13,000 cities based on national level footprint
estimates and spatially-explicit data on gross/regional domestic product, thereby also taking into account private
household consumption, governmental consumption and capital investment. However, as the authors pursue a
coarse-grained downscaling approach to achieve internationally consistent results vis a vis the city-specific data
as applied herein, results are only comparable in a limited manner.
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The amount of total GHG emissions indicated by KIliP and BLI are comprised of 4.9 and 8.9
million tCO,eq respectively, which translates into per-capita emissions of 2.9 and 5.6 tCOzeq.
Vienna’s consumption-based GHG emissions are three to six times larger relative to their
production-based emissions. Intuitively, these large differences can be traced back to the fact
that scope 3 emissions are taken into account in the consumption-based accounting method
and not in KIiP/BLI. Within this work, there is no estimation quantifying the share of scope 3
emissions, but it is likely they constitute a large share of Vienna’s carbon footprint. This is
because the amount of industrial production within Vienna is relatively low, as the majority of
industrial production that is needed to meet Vienna’s citizen’s demand must happen out-of-
boundary. Further, many services offered within Vienna have a material component with
origins outside of Vienna.

However, | argue for caution to restrain to draw conclusions from the absolute difference in
GHG emissions, since the production-based and the consumption-based GHG accounting
approaches show different aspects of city-level GHG emissions, as laid out in section 10.2. This
work’s model and the KIliP/BLI emissions do not estimate the same emissions and should
therefore not be compared without pointing towards the accounting methodologies which
estimated the numbers.
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Vienna's total GHG emissions for the year 2010 - consumption-
based accounting categories vs. production-based categories
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B Flourinated gases 0 325 0
W Energy 0 79 2.998
M Buildings 0 1.784 1.774
B Agriculture 0 24 16
Services 8.632 0 0
Goods 3.594 0 0
Mobility direct 1.722 0 0
Mobility indirect 5.603 0 0
W Housing direct 2.004 0 0
W Housing indirect 4.251 0 0
B Food & Drink 2.157 0 0

Figure 11: Vienna's 2010 total GHG emissions according KliP, BLI and the consumption-based
carbon footprint (CBCF) model of this work, disaggregated for different GHG categories (own
illustration)

Figure 11 shows the same results and models estimating Vienna’s absolute GHG emissions as
in Figure 10, but broken down into respective categories the GHG emissions are attributed to.
The emission source categories are not the same for KIiP/BLI as for the carbon footprint model
— this is due to the different accounting principles that underlie the methods (as explained in
section 10.2).

The consumption-based carbon footprint model reveals that food-related GHG emissions
estimated with the carbon footprint model are by far larger than those accounted through the
production-based KliP/BLI method. Vienna’s emissions in the category food & drink are 54
times higher than those from the emission source category agriculture. While KIliP emissions
from transport amounted to 1.6 million tCO2eq, Vienna’s carbon footprint for the categories
mobility indirect and mobility direct constitutes 7.3 million tCOzeq, which is almost five times
more. Mobility direct is an interesting example as it also contains aviation emissions from
Vienna International Airport which are not captured by the KIiP/BLI accounting approach?3.

23 The Vienna International Airport is situated just outside Vienna’s municipal boundaries in Lower Austria. As a
consequence, aviation emissions directly related to this airport are not taken into account by the KIiP/BLI
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The consumption-based perspective further points towards huge GHG emissions - 8.6 million
tCO,eq - that are related to services consumed by Viennese citizens and Vienna’s government.
Service-related emissions are captured only in the carbon footprint-model as they most likely
constitute to a large part of scope 3 emissions. For the above described categories in
particular, it becomes evident that the accounting methods KliP and BLI are blind for large
amount of emissions. However, in light of the model’s divergent underlying allocation
principles (see section 10.2), these blind spots are rather evident. For example, Vienna’s
production-based emissions from agriculture within Vienna’s administrative boundary are
much smaller than food-related GHG emissions from a consumption-based accounting
perspective that include a wider range of food & drink products and emissions from scope 1-
3. The same holds for mobility and service related emissions.

The carbon footprint model estimates housing related emissions in the category housing
indirect and housing direct, whereas Vienna’s GHG inventory lists them in the emission source
categories buildings and energy. For the BLI accounting method — which does include ETS-GHG
emissions — the sum of emissions from buildings and energy amounts to 4.8 million tCOeq.
The respective consumption-based emissions (housing indirect and housing direct) make up
6.3 million tCO2eq; of which 2.1 million tCO,eq are due to final demand of gross fixed capital
formation alone. Overall, estimated emissions related to housing are within the same range
in the production-based and consumption-based accounting logic.

While it makes sense to compare accounted GHG emissions from housing or mobility, this is
not possible for the categories fluorinated gases, waste management, or industry. GHG
emissions are listed in KIiP/BLI as separate categories, due to their underlying accounting
principle: the emissions are regionalized and geographically related to Vienna’s municipal
boundaries (see section 9.1). Hence, Vienna’s production-based accounting turns out to be
good in pointing towards these “Vienna-specific emissions” which cannot be analyzed as
adequately through the carbon footprint model.

12 Results: Climate mitigation policy

12.1 Inclusion

Vienna’s climate mitigation measures differ significantly in complexity, practicability, and
concreteness, ranging from information material on energy saving possibilities in households
to investment-intensive infrastructure projects (Stadt Wien 2009). Hence, horizontal policy
integration is recognizable in a way that several sectors (i.e. those being listed as ‘fields of
action’) are subject to different climate mitigation measures. Vienna’s 385 single measures
thereby address GHG emissions sources from different sources, from mobility-related
emissions sources to waste-related emissions. Vienna’s climate strategy therefore exhibits an
inclusive character. Homeier (2017) criticizes that Vienna’s climate strategy could be more
ambitious through a consideration of ‘upcoming topics’ which are, for instance, digitalization
or a circular economy. Further, Homeier (2017) explicitly suggests to become more aware of
scope 3 emissions within the climate mitigation strategy.

accounting method. Arguably however, the airport serves the city and Viennese citizens as international airport
so | argue that those emissions, or at least a part of the emissions should be captured in a city’s GHG inventory.
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12.2 Consistency

Vienna’s climate mitigation strategy pursues goals that stand in contrast to each other. While
the strategy aims at reducing overall GHG emissions, official documents also explicitly state
the objective to stimulate the (local) economy (Stadt Wien 2009). For example, the Magistrat
der Stadt Wien MD — Klimaschutzkoordination (2017) emphasizes the relevance of the
implemented climate mitigation measures as a way to trigger economic value added and
strengthen Vienna as business location, and to create co-benefits. Homeier (2017) identifies
an inherent conflict in this: Economic growth normally goes along with more direct and
indirect resource consumption and also with growing greenhouse gas emissions (Hickel and
Kallis 2019). This identified inconsistency is largely concealed in Vienna’s climate documents
— synergies between the strategy’s main goals are highlighted instead, but Vienna does not
stand out. Mickwitz (2009) states that synergies are emphasized in the large majority of LCPs.
The underlying narrative is often that ‘those in positions of responsibility in research, trade
and industry, the political sector, government and civil society mobilize [...] pull in the same
direction.” (Mickwitz 2009, p. 38)%*.

The criterion of consistency further questions whether there are efforts to systematically
measure and evaluate identified inconsistencies in a LCP. For the case of Vienna, this
evaluation reveals that the inherent conflict is in fact recognized in the monitoring report by
Homeier (2017)?°. However, in the more prominent documents, these conflicting aims are not
mentioned (Homeier 2017). The picture that is portrayed is instead one of synergies between
major policy goals?®.

12.3 Weighting

Assessing Vienna’s ‘Smart City Framework Strategy’ (Homeier and MA 18 2016) shows that
the goal of ‘maximum resource conservation’ has to compete starkly with the targeted goals
of ‘innovation’ and ‘life quality’. In fact, the overall headline goals ‘quality of life’, ‘innovation’,
and ‘maximum resource conservation’ are declared to have the same priority (Homeier 2017).
Vienna is not an exception in this respect, but rather the rule: Climate policy goals in other
cities are also not prioritized against other policy goals (Mickwitz 2009). Homeier (2017)
further criticizes that policy measures in the in the fields ‘quality of life’ and ‘innovation’ are
also not evaluated for the contribution to the overall goal of ‘maximum resource
conservation.’

Further, the analysis of Vienna’s GHG reduction goal reveals a lack of ambition. As described
in section 11.1, the declared per capita CO,-reduction goal for the year 2030 was already
achieved in 2015 — fifteen years before the planned target date and one year after adopting
Vienna’s Smart City framework. There has been a constant decline of total greenhouse gas
emissions between 2003 and 2015 with a trend of ongoing population growth. This strongly
implies that the declared reduction target was quite unambitious (Homeier 2017). In addition,

24 Njedertscheider et al. (2018) describe the characteristics of climate mitigation policy in Austria as follows: ‘The
CCM-policy arena is bound to interests of many actors that pursue completely different goals’ (Niedertscheider
et al. 2018, p. 15). Furthermore, they identify that CCM policies in the past were not treated as priority when
powerful lobbies pursue goals that stood in conflict with climate protection goals (Niedertscheider et al. 2018).
25 The ‘Monitoring Report 2017 — Smart City Framework Strategy’ was published by the MA 18.
%6 The ‘Smart City Wien Framework Strategy’ for instance states that ‘the multiple benefits of activities are
rendered more clearly visible: thus high quality of life is often a result of resource conserving changes, and
innovations — ideally “invented here” — frequently reduce resource input.” (Homeier and MA 18 2016).
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Reckien et al. (2014) have compared GHG emission reduction goals of 200 cities in Europe.
Vienna’s KIiP | goal corresponds to a reduction rate of 1.7% per year, which puts Vienna on an
average rank with respect to the other cities.

12.4 Reporting

Niedertscheider et al. (2018) emphasize that adequate reporting is necessary for the
evaluation of policy effects. The city’s reporting and evaluation practice shows a mixed
picture:

In the document ,Evaluierung der Umsetzung des Klimaschutzprogramms (KIiP 1l) der Stadt
Wien”, climate mitigation measure is listed along with the specific goal that is expected to be
reached. The formulation of future climate mitigation measures in Vienna is informed by an
ex post evaluation process which is done through the Austrian Energy Agency
(“Osterreichische Energieagentur”). CCM measures that are already in effect are analyzed and
evaluated in terms of the criteria CO-saving-potential, costs for the City of Vienna, investment
costs, value added and employment effects throughout the duration of the measure (Stadt
Wien 2009). On the basis of this evaluation, it is then decided whether a climate mitigation
measure is continued, adapted, or suspended. In vyearly evaluation reports
(“Fortschrittsbericht Gber die Umsetzung des Klimaschutzprogramms (KIiP) der Stadt Wien”),
each ongoing climate reduction program is evaluated in terms of direct, indirect, and
secondary monetary value creation effects. The City of Vienna thus devotes considerable
resources in the ex-ante and ex post-evaluation of CCM measures.

Nonetheless, transparency of stated information could be improved if it was reported how
much weight had been given to each of the criteria. Currently, it remains unclear whether a
climate mitigation measure was approved due to its CO>-saving potential or rather because
the measure was expected to stimulate employment effects throughout the duration of the
measure. Therefore, more transparency would allow someone to infer the climate impact of
the implemented policy measure. Mickwitz (2009) remarks that local governments and
planning authorities might be unwilling to provide the evaluation criteria in a more open and
critical way.

Homeier (2017) points towards a problematic issue with respect to the climate mitigation
goals that are reported in per capita terms in many documents. Using per capita values is
problematic because the ‘net efficacy’ of the implemented measure is concealed (Homeier
2017). When Vienna’s population grows at a faster rate than the reduction rate of GHG
emissions, per capita GHG emissions decrease ‘automatically’. Vienna’s population grew by
roughly 0.2 million in the last decade, which is why a significant share of per capita GHG
emission reduction during this time can be explained by this stark increase in population
growth (Homeier 2017). Climate change mitigation goals should therefore be consistently
evaluated based on absolute GHG emissions.

12.5 Resources

The City of Vienna does not provide information on the amount of financial resources that
have been spent for CCM policies in KIiP | or Il. Therefore, assessing the degree of CPI in
Vienna’s Climate Mitigation Strategy under the aspect of financial resources is difficult to
estimate.
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Vienna’s city administration had already started in the year 2000 to enshrine climate
protection on a high strategic level. This central climate protection planning unit
(“Klimaschutzkoordinationsstelle”) was founded soon after and has the responsibility to
organize, coordinate, and promote the implementation of KliP | (Stadt Wien 2009). Vienna’s
LCP is coordinated on a high strategic level, attempting to include climate mitigation measures
into the whole municipal administrative body, which signals that the City of Vienna is willing
to aim for Climate Policy Integration. One could conclude that this central planning unit
concentrates climate expertise in the form of climate experts and civil servants.

13 Discussion

13.1 Vienna’s GHG inventory from two accounting perspectives

This work investigated Vienna’s GHG emissions from two different accounting perspectives.
The applied carbon footprint model has extended inventory boundaries ‘beyond the usual’,
by taking into account scope 1, 2, and 3 emissions. Vienna’s carbon footprint turns out to be
much larger than the emissions that the City of Vienna estimates by applying the two
accounting methods KIliP and BLI. These production-based accounting methods fail to capture
a large portion of GHG emissions from the categories indirect mobility, services, food & drink
as they occur outside the municipal city boundary. It was also made apparent that the final
demand of Vienna’s city government and investments in infrastructure have a considerable
carbon footprint too. The findings imply that Vienna is in a similar situation as many other
‘consumer cities’ (C40 2018) that do not have a lot of industrial production activities within
the city (anymore) and therefore import a great share of GHG emissions from outside the city
boundaries. In sum, comparing Vienna’s GHG emissions from two accounting perspectives
strongly elucidated the city’s metabolic nature. The present living, mobility, eating, and
consumption habits cause large amounts of GHG emissions in Vienna’s hinterland.

These findings also point towards weaknesses of the GHG inventory that are rather specific to
Vienna’s GHG accounting method. As the KliP accounting method merely considers directly
susceptible emissions, a large amount of GHG emissions are excluded. Furthermore, the BLI
method captures only those grid-supplied energy emissions that are emitted within Vienna’s
boundaries. As for scope 2 emissions, no matter if occurring inside or outside the municipal
boundaries, are directly related to GHG-intensive activities within the city and they should also
be taken into account. The comparative analysis in section 11.2 has illustrated nonetheless
that Vienna’s GHG inventory and its respective categories do have a practical function. BLI and
KIiP are able to inform relatively precisely the amount of GHG emissions resulting from
categories such as ‘waste’ and ‘industry’. As these emission categories are under the
municipality’s influence, accounting of GHG emissions from point and area sources in a
production-based way has a practical use.

13.2 Strengths and weaknesses of Vienna’s climate strategy

Another aim of this work was to analyze the city’s climate mitigation policy through the CPI
framework to draw conclusions on the quality of the climate mitigation strategy. Vienna
pursues an integrated climate mitigation strategy that relates to many areas of life of Viennese
citizens. Policy integration does seem to take place on a horizontal level, as housing, mobility,
waste, energy, and industry are addressed by various climate change mitigation measures.
Through the application of the five criteria, deficiencies of the overall strategy were observed,
such as the inherent conflict of stimulating economic growth and achieving emission
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reductions at the same time. This conflict of objectives constitutes a serious threat to the
overall effectiveness of Vienna’s climate mitigation strategy. In addition, the strategy mostly
uses policy instruments that do not have a constraining character. Transport policies for
instance are mostly implemented in form of ‘carrots,” such as transport policies aiming to
make public and non-motorized modes of transportation more attractive. Many other
measures formulated in KIiP Il take the form of ‘sermons,” aiming at informing organizations,
firms/business, national government and citizens about climate protection possibilities.

13.3 Improving the Viennese production-based GHG accounting method

Chapter 9.1 introduced Vienna’s accounting approach and outlined that the accounting
methods KIiP and BLI are derived from the national accounting scheme (OLI), from which
national emissions are regionalized to the federal states level. Both do not follow an
internationally recognized community-scale accounting standard (such as the PAS 2070 or the
GPC accounting scheme) which allows for the KIiP accounting approach to neglect
considerable amounts of emissions from the energy and transport sectors. It is difficult for
Vienna to compare accounted emissions with other cities (and learn from the insights gained),
since a GHG accounting standard that is uncommon in other cities is applied. PAS 2070 or GPC
in contrast set minimum requirements on how detailed the data sources for GHG accounting
need to be. If Vienna complied with an accounting standard of this kind, data quality would
most likely improve, which could allow Vienna to account their production-based GHG
emissions more accurately, especially those emissions from the sectors energy provision and
transport. Further, it would enhance clarity and transparency and therefore also credibility, if
one instead of two different GHG inventories were to be published in the future. To put the
requirements of an accounting practice in more general terms, this section concludes with
Wiedmann et al. (2016) who state that ‘it is important that the reporting of GHGs from cities
is accurate, comparable, comprehensive, and complete.” (Wiedmann et al. 2016, 676 f.).

13.4 The Viennese carbon footprint as complementary emissions
inventory

The findings suggest that neither accounting approach is universal, KIiP/BLI and the carbon
footprint model have their particular blind spots. Hence, a city’s GHG inventory should
preferably be examined applying both accounting methods. The consumption-based
accounting perspective can function as a starting point and can be used to receive a first
impression of which emission sector represents the biggest sources of emissions. It also allows
one to critically investigate urban consumption patterns in Vienna and draft consumption-
based policies to lower the demand for GHG-intensive products and services. Using a
production perspective, thereby making use of local data, allows for more reliable findings on
emissions that are emitted within the city boundaries. In addition, when having both
accounting perspectives, a detailed consumption-based inventory could help to avoid the
potential effect that through carbon mitigation policies, scope 1 emissions are merely
outsourced, hence becoming scope 3 emissions — an example for ‘problem shifting’?”.

27 Problem shifting in this context means that in the process of solving an environmental issue, a new problem
is created at the same time (Weidema et al. 2008). When climate mitigation policies in cities for instance lead to
a shift in the propulsion technology of cars (e.g. towards electric vehicles), not however to an overall reduction
of emissions (e.g. reduced number of overall trips, much higher occupancy of cars) this could be considered an
example for a shift of emissions (‘problem shifting’).
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14 Concluding remarks

The objective of this work was to compare Vienna’s production-based GHG accounting
method with an alternative consumption-based approach regarding their inventory
boundaries and blind spots. This attempt was made to discuss the relevance and applicability
of a consumption-based carbon inventory for Vienna’s climate mitigation strategy and the
implications of consumption-based policy measures.

A consumption-based carbon accounting perspective can complement the more common
production-based perspective. Applying a carbon footprint perspective implies practical
conclusions for urban-scale climate action as it opens up ways for additional climate mitigation
policies and measures. As the model related scope 3 emissions to consumption activities in
Vienna, a new perspective on this connection was illustrated. Consumption-based carbon
accounting allows policy makers to design consumption-based policies that aim for emission
reductions and position Vienna as a strong actor in achieving deep emission cuts. A
consumption-perspective could help Vienna pursue a more ambitious and consistent GHG
mitigation strategy, which can also address identified weaknesses such as a missing
prioritization of CCM measures.

Yet, it is acknowledged that implementing a consumption-based GHG inventory on the city
level most likely faces political, societal, and cultural obstacles that would need to be
overcome. Cities do not have the same legal responsibilities as national governments.
Austria’s fiscal sovereignty for instance is dealt with on the national level; Vienna therefore
has only limited legal means for tax interventions and constraining public policy measures
(‘sticks’). Without climate-change action on a national level (e.g. an extensive CO;-tax, a
properly functioning EU-ETS), Vienna is quite constrained in the implementation of
consumption-based carbon policies that go beyond an informative character. Apart from the
limitations of applying climate mitigation instruments, it might not be in the interest of the
city administration to apply a consumption perspective on their emissions in the first place.
Being associated with far higher emissions might threaten the city’s public image as climate
role model.

From the limitations that an EE-IOA methodology implies, it can be concluded that more
research to improve the quality of an input-output perspective on a city-scale is needed.
Regional I0-Tables should be developed to overcome the limited geographical resolution of a
city-level footprint model. In future, primary and original data on all final demand categories
need to be reported: A more precise estimation of Vienna’s induced GHG emissions especially
requires detailed data on regional government consumption and capital investment. Finally,
the findings imply that more research is necessary to understand how to effectively include
consumption-based accounting results into local climate plans; in other words: to better
connect science and policy making.

14.1 Potentials and limitations of the consumption-based perspective
for Vienna

The findings imply new possibilities for climate mitigation polices for Vienna when a
consumption-based perspective is applied. Food & drink induces a large amount of scope 3
emissions outside the city boundary. A reduction of household food waste would be one
possible approach to address these emissions. This can be a starting point to come up with
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policy measures to lower food waste which would be novel in Vienna’s climate strategy. C40
(2019) identifies more GHG intensive consumption categories which come to light when cities’
GHG emissions are analyzed from a consumption-based perspective: clothing & textiles or
electronics & household appliances are prime examples. Even though local policy makers are
more constrained than the national legislation to address these GHG intensive sectors, Vienna
could at least implement policies in form of information (‘sermons’) and sensitize Viennese
citizens to these issues. When topics such as food waste or climate-intensive consumption in
general were to be included in Vienna’s climate mitigation strategy, it would render more
holistic and complete. At the same time, a wider GHG mitigation strategy could be fruitful in
terms of climate policy integration and create synergies between the different policy
measures.

The carbon footprint model has identified a large amount of consumption-based GHG
emissions that are related to housing in Vienna (see section 11.2). C40 (2019) have quantified
that a large part of emissions related to housing occur upstream, mainly during cement and
steel production needed to build new houses. Using wood and other natural materials would
lower the footprint of housing considerably (C40 2019). When it comes to urban expansion,
obligatory tendering criteria could limit the amount of steel and concrete for new buildings,
thereby bringing down scope 3 emissions related to the housing sector. A consumption based
carbon footprint could further help identify where in Vienna retrofit programs for buildings
could be applied, similar as Wiedmann et al. (2016) suggest for the city of Melbourne.

Despite some promising possibilities for effective climate mitigation through a consumption-
based perspective, both in general and also in Vienna, the efficiency and responsibility of
consumption-based policies need to be discussed. Firstly, consumption-based accounting and
the respective policies can be subject to rebound effects (Afionis et al. 2017). Encouraging
citizens to consume less of a specific product might trigger the increase in consumption of
another product instead. As it is difficult to anticipate these rebound effects, they pose a
serious limitation to the mitigation potential of consumption-based policy measures. Wood et
al. (2018) estimate that rebound effects connected with a policy intervention to lower
people’s meat consumption would amount around 25% of the direct emissions that were
saved through the policy intervention. Secondly, consumption-based policies might lead to a
discourse of blaming the consumer for their carbon-intensive lifestyle. This risks attention
diverted away from problematic structural conditions that facilitate those lifestyles in cities
in the first place (Dodman 2009). Debating carbon mitigation in terms of consumer
responsibility would be problematic, as this could give the wrong impression that through
individual consumption alone, a threatening climate breakdown can be prevented. For this
reason, the carbon footprint model of this work has gone beyond the estimation of
consumption-based emissions of private household consumption alone and included capital
investment and local government consumption, pointing towards private firms and the
government to strongly increase their climate protection efforts as well.
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15 Annex

Vienna's per capita household
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for the year 2010
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Figure 12: Vienna's average per capita household carbon footprint, shown for seven major
consumption categories aggregated from 41 underlying expenditure categories. Data from
Smetschka et al. (2019) (own illustration)
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Table 6: Breakdown of major consumption categories applied in the household consumption
carbon footprint model (own illustration)
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Band 37

Stoffstréme der Chemieproduktion 1970-1990.
Payer, H., unter Mitarbeit von Zangerl-Weisz, H. und
Fellinger, R.; Wien (1994)

Band 38

Wasser und Wirtschaftswachstum. Untersuchung von
Abhangigkeiten und Entkoppelungen, Wasserbilanz
Osterreich 1991.

Huttler, W., Payer, H. unter Mitarbeit von Schandl, H.; Wien
(1994)

Band 39

Politische Jahreszeiten. 12 Beitrage zur politischen
Wende 1989 in Ostmitteleuropa.

Macho, T.; Wien (1994)

Band 40

On the Cultural Evolution of Social Metabolism with
Nature. Sustainability Problems Quantified.
Fischer-Kowalski, M., Haberl, H.; Wien (1994)

Band 41

Weiterbildungslehrgéange fur das Berufsfeld 6kologischer
Beratung. Erhebung u. Einschétzung der Angebote in
Osterreich sowie von ausgewahlten Beispielen in
Deutschland, der Schweiz, Frankreich, England und
europaweiten Lehrgéngen.

Rauch, F.; Wien (1994)

Band 42+

Soziale Anforderungen an eine nachhaltige Entwicklung.
Fischer-Kowalski, M., Madlener, R., Payer, H., Pfeffer, T.,
Schandl, H.; Wien (1995)

Band 43

Menschliche Eingriffe in den naturlichen Energiefluf von
Okosystemen. Sozio-6konomische Aneignung von
Nettoprimarproduktion in den Bezirken Osterreichs.
Haberl, H.; Wien (1995)

Band 44
MaterialfluR Osterreich 1990.
Huttler, W., Payer, H.; Schandl, H.; Wien (1996)

Band 45

National Material Flow Analysis for Austria 1992.
Society’s Metabolism and Sustainable Development.
Huttler, W. Payer, H., Schandl, H.; Wien (1997)

Band 46

Society’s Metabolism. On the Development of Concepts
and Methodology of Material Flow Analysis. A Review of
the Literature.

Fischer-Kowalski, M.; Wien (1997)

Band 47+

Materialbilanz Chemie-Methodik sektoraler
Materialbilanzen.

Schandl, H., Weisz, H. Wien (1997)

Band 48

Physical Flows and Moral Positions. An Essay in Memory
of Wildavsky.

Thompson, M.; Wien (1997)

Band 49
Stoffwechsel in einem indischen Dorf. Fallstudie Merkar.
Mehta, L., Winiwarter, V.; Wien (1997)

Band 50+

MaterialfluR Osterreich- die materielle Basis der
Osterreichischen Gesellschaft im Zeitraum 1960-1995.
Schandl, H.; Wien (1998)

Band 51+

Bodenfruchtbarkeit und Schadlinge im Kontext von
Agrargesellschaften.

Dirlinger, H., Fliegenschnee, M., Krausmann, F., Liska, G.,
Schmid, M. A.; Wien (1997)

Band 52+

Der Naturbegriff und das Gesellschaft-Natur-Verhaltnis in
der frihen Soziologie.

Lutz, J. Wien (1998)

Band 53+

NEMO: Entwicklungsprogramm fur ein Nationales
Emissionsmonitoring.

Bruckner, W., Fischer-Kowalski, M., Jorde, T.; Wien (1998)
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Band 54+
Was ist Umweltgeschichte?
Winiwarter, V.; Wien (1998)

Band 55+

Agrarische Produktion als Interaktion von Natur und
Gesellschaft: Fallstudie SangSaeng.

Grinbhel, C. M., Schandl, H., Winiwarter, V.; Wien (1999)

Band 56+

MFA 1996 - Implementierung der nationalen
MaterialfluRrechnung

in die amtliche Umweltberichterstattung
Payer, H., Hittler, W., Schandl, H.; Wien (1998)

Band 57+

Colonizing Landscapes: Human Appropriation of Net
Primary Production and its Influence on Standing Crop
and Biomass Turnover in Austria.

Haberl, H., Erb, K.H., Krausmann, F., Loibl, W., Schulz, N. B.,
Weisz, H.; Wien (1999)

Band 58+

Die Beeinflussung des oberirdischen Standing Crop und
Turnover in Osterreich durch die menschliche
Gesellschaft.

Erb, K. H.; Wien (1999)

Band 59+
Das Leitbild "Nachhaltige Stadt".
Astleithner, F.; Wien (1999)

Band 60+

Materialflisse im Krankenhaus, Entwicklung einer
Input-Output Methodik.

Weisz, B. U.; Wien (2001)

Band 61+

Metabolismus der Privathaushalte am Beispiel
Osterreichs.

Hutter, D.; Wien (2001)

Band 62+

Der 6kologische FuRabdruck des Osterreichischen
AufRenhandels.

Erb, K.H., Krausmann, F., Schulz, N. B.; Wien (2002)

Band 63+

Material Flow Accounting in Amazonia: A Tool for
Sustainable Development.

Amann, C., Bruckner, W., Fischer-Kowalski, M., Grunbiihel,
C. M.; Wien (2002)

Band 64+

Energieflisse im osterreichischen Landwirtschaftssektor
1950-1995, Eine humandkologische Untersuchung.
Darge, E.; Wien (2002)

Band 65+

Biomasseeinsatz und Landnutzung Osterreich 1995-
2020.

Haberl, H.; Krausmann, F.; Erb, K.H.;Schulz, N. B.;
Adensam, H.; Wien (2002)

Band 66+

Der Einfluss des Menschen auf die Artenvielfalt.
Gesellschaftliche Aneignung von Nettoprimérproduktion
als Pressure-Indikator fir den Verlust von Biodiversitat.
Haberl, H., Fischer-Kowalski, M., Schulz, N. B., Plutzar, C.,
Erb, K.H., Krausmann, F., Loibl, W., Weisz, H.; Sauberer, N.,
Pollheimer, M.; Wien (2002)

Band 67+
Materialflussrechnung London.
Bongardt, B.; Wien (2002)

Band 68+

Gesellschaftliche Stickstofffliisse des ¢sterreichischen
Landwirtschaftssektors 1950-1995, Eine
humandkologische Untersuchung.

Gaube, V.; Wien (2002)

Band 69+

The transformation of society's natural relations: from
the agrarian to the industrial system. Research strategy
for an empirically informed approach towards a
European Environmental History.

Fischer-Kowalski, M., Krausmann, F., Schandl, H. ; Wien
(2003)

Band 70+

Long Term Industrial Transformation: A Comparative
Study on the Development of Social Metabolism and
Land Use in Austria and the United Kingdom 1830-2000.
Krausmann, F., Schandl, H., Schulz, N. B.; Wien (2003)

Band 72+

Land Use and Socio-economic Metabolism in
Preindustrial Agricultural Systems: Four Nineteenth-
century Austrain Villages in Comparison.
Krausmann, F.; Wien (2008)

Band 73+

Handbook of Physical Accounting Measuring
bio-physical dimensions of socio-economic activities
MFA — EFA — HANPP.

Schandl, H., Griinbiihel, C. M., Haberl, H., Weisz, H.; Wien
(2004)

Band 74+

Materialflisse in den USA, Saudi Arabien und der
Schweiz.

Eisenmenger, N.; Kratochvil, R.; Krausmann, F.; Baart, |.;
Colard, A.; Ehgartner, Ch.; Eichinger, M.; Hempel, G.;
Lehrner, A.; Mullauer, R.; Nourbakhch-Sabet, R.; Paler, M.;
Patsch, B.; Rieder, F.; Schembera, E.; Schieder, W.;
Schmiedl, C.; Schwarzimiller, E.; Stadler, W.; Wirl, C.; Zandl,
S.; Zika, M.; Wien (2005)

Band 75+

Towards a model predicting freight transport from
material flows.

Fischer-Kowalski, M.; Wien (2004)

Band 76+

The physical economy of the European Union:
Cross-country comparison and determinants of material
consumption.

Weisz, H., Krausmann, F., Amann, Ch., Eisenmenger, N.,
Erb, K.H., Hubacek, K., Fischer-Kowalski, M. ;Wien (2005)

Band 77+

Arbeitszeit und Nachhaltige Entwicklung in Europa:
Ausgleich von Produktivitdtsgewinn in Zeit statt Geld?
Proinger, J.; Wien (2005)
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Band 78+

Sozial-Okologische Charakteristika von Agrarsystemen.
Ein globaler Uberblick und Vergleich.

Lauk, C.; Wien (2005)

Band 79+

Verbrauchsorientierte Abrechnung von Wasser als
Water-Demand-Management-Strategie. Eine Analyse
anhand eines Vergleichs zwischen Wien und Barcelona.
Machold, P.; Wien (2005)

Band 80+

Ecology, Rituals and System-Dynamics. An attempt to
model the Socio-Ecological System of Trinket Island.
Wildenberg, M.; Wien (2005)

Band 81+

Southeast Asia in Transition. Socio-economic
transitions, environmental impact and sustainable
development.

Fischer-Kowalski, M., Schandl, H., Grinbuhel, C., Haas, W.,
Erb, K-H., Weisz, H., Haberl, H.; Wien (2004)

Band 83+

HANPP-relevante Charakteristika von Wanderfeldbau und
anderen Langbrachesystemen.

Lauk, C.; Wien (2006)

Band 84+

Management unternehmerischer Nachhaltigkeit mit Hilfe
der Sustainability Balanced Scorecard.

Zeitlhofer, M.; Wien (2006)

Band 85+

Nicht-nachhaltige Trends in Osterreich:
MafRnahmenvorschldge zum Ressourceneinsatz.

Haberl, H., Jasch, C., Adensam, H., Gaube, V.; Wien (2006)

Band 87+

Accounting for raw material equivalents of traded goods.
A comparison of input-output approaches in physical,
monetary, and mixed units.

Weisz, H.; Wien (2006)

Band 88+

Vom Materialfluss zum Gutertransport. Eine Analyse
anhand der EU15 — Lander (1970-2000).

Rainer, G.; Wien (2006)

Band 89+

Nutzen der MFA firr das Treibhausgas-Monitoring im
Rahmen eines Full Carbon Accounting-Ansatzes;
Feasibilitystudie; Endbericht zum Projekt BMLFUW-
UW.1.4.18/0046-V/10/2005.

Erb, K.-H., Kastner, T., Zandl, S., Weisz, H., Haberl, H.,
Jonas, M.; Wien (2006)

Band 90+

Local Material Flow Analysis in Social Context in Tat
Hamelt, Northern Mountain Region, Vietnam.
Hobbes, M.; Kleijn, R.; Wien (2006)

Band 91+

Auswirkungen des thailandischen logging ban auf die
Walder von Laos.

Hirsch, H.; Wien (2006)

Band 92+

Human appropriation of net primary produktion (HANPP)
in the Philippines 1910-2003: a socio-ecological analysis.
Kastner, T.; Wien (2007)

Band 93+

Landnutzung und landwirtschaftliche
Entscheidungsstrukturen. Partizipative Entwicklung von
Szenarien fur das Traisental mit Hilfe eines
agentenbasierten Modells.

Adensam, H., V. Gaube, H. Haberl, J. Lutz, H. Reisinger, J.
Breinesberger, A. Colard, B. Aigner, R. Maier, Punz, W.;
Wien (2007)

Band 94+

The Work of Konstantin G. Gofman and

colleagues: An early example of Material Flow Analysis
from the Soviet Union.

Fischer-Kowalski, M.; Wien (2007)

Band 95+

Partizipative Modellbildung, Akteurs- und
Okosystemanalyse in Agrarintensivregionen;
SchluBBbericht des deutsch-dsterreichischen
Verbundprojektes.

Newig, J., Gaube, V., Berkhoff, K., Kaldrack, K., Kastens, B.,
Lutz, J., SchluBmeier B., Adensam, H., Haberl, H., Pahl-
Wostl, C., Colard, A., Aigner, B., Maier, R., Punz, W.; Wien
(2007)

Band 96+

Rekonstruktion der Arbeitszeit in der Landwirtschaft im
19. Jahrhundert am Beispiel von Theyern in
Niederdsterreich.

Schaschl, E.; Wien (2007)

Band 97+

Arbeit, gesellschaftlicher Stoffwechsel und nachhaltige
Entwicklung.

Fischer-Kowalski, M.; Schaffartzik, A., Wien (2007)

Band 98+

Local Material Flow Analysis in Social Context at the
forest fringe in the Sierra Madre, the Philippines.
Hobbes, M., Kleijn, R. (Hrsg); Wien (2007)

Band 99+

Human Appropriation of Net Primary Production (HANPP)
in Spain, 1955-2003: A socio-ecological analysis.
Schwarzlmiller, E.; Wien (2008)

Band 100+

Scaling issues in long-term socio-ecological biodiversity
research: A review of European cases.

Dirnbdck, T., Bezék, P., Dullinger S., Haberl, H., Lotze-
Campen, H., Mirtl, M., Peterseil, J., Redpath, S., Singh, S.,
Travis, J., Wijdeven, S.M.J.; Wien (2008)

Band 101+

Human Appropriation of Net Primary Production (HANPP)
in the United Kingdom, 1800-2000:

A socio-ecological analysis.

Musel, A.; Wien (2008)

Band 102 +

Wie kann Wissenschaft gesellschaftliche Veranderung
bewirken? Eine Hommage an Alvin Gouldner, und ein
Versuch, mit seinen Mitteln heutige Klimapolitik zu
verstehen.

Fischer-Kowalski, M.; Wien (2008)

Band 103+

Sozialokologische Dimensionen der dsterreichischen
Ernahrung — Eine Szenarienanalyse.

Lackner, M.;

Wien (2008)
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Band 104+
Fundamentals of Complex Evolving Systems: A Primer.
Weis, E.; Wien (2008)

Band 105+

Umweltpolitische Prozesse aus diskurstheoretischer
Perspektive: Eine Analyse des Sudtiroler
Feinstaubproblems von der Problemkonstruktion bis zur
Umsetzung von RegulierungsmafRnahmen.

Paler, M.; Wien (2008)

Band 106+

Ein integriertes Modell fir Reichraming. Partizipative
Entwicklung von Szenarien fur die Gemeinde
Reichraming (Eisenwurzen) mit Hilfe eines
agentenbasierten Landnutzungsmodells.

Gaube, V., Kaiser, C., Widenberg, M., Adensam, H.,
Fleissner, P., Kobler, J., Lutz, J.,

Smetschka, B., Wolf, A., Richter, A., Haberl, H.; Wien (2008)

Band 107+

Der soziale Metabolismus lokaler Produktionssysteme:
Reichraming in der oberdsterreichischen Eisenwurzen
1830-2000.

Gingrich, S., Krausmann, F.; Wien (2008)

Band 108+

Akteursanalyse zum besseren Verstandnis der
Entwicklungsoptionen von Bioenergie in Reichraming.
Eine sozial6kologische Studie.

Vrzak, E.; Wien (2008)

Band 109+

Direktvermarktung in Reichraming aus sozial-
Okologischer Perspektive.

Zeitlhofer, M.; Wien (2008)

Band 110+

CO,-Bilanz der Tomatenproduktion: Analyse acht
verschiedener Produktionssysteme in Osterreich,
Spanien und Italien.

Theurl, M.; Wien (2008)

Band 111+

Die Rolle von Arbeitszeit und Einkommen bei Rebound-
Effekten in Dematerialisierungs- und
Dekarbonisierungsstrategien. Eine Literaturstudie.
Bruckner, M.; Wien (2008)

Band 112+

Von Kommunikation zu materiellen Effekten -
Ansatzpunkte fir eine sozial-6kologische Lesart von
Luhmanns Theorie Sozialer Systeme.

Rieder, F.; Wien (2008)

Band 114+

Across a Moving Threshold: energy, carbon and the
efficiency of meeting global human development needs.
Steinberger, J. K., Roberts, .J.T.; Wien (2008)

Band 115

Towards a low carbon society: Setting targets for a
reduction of global resource use.

Krausmann, F., Fischer-Kowalski, M., Steinberger, J.K.,
Ayres, R.U.; Wien (2010)

Band 116+

Eating the Planet: Feeding and fuelling the world
sustainably, fairly and humanely - a scoping study.
Erb, K-H., Haberl, H., Krausmann, F., Lauk, C., Plutzar, C.,
Steinberger, J.K., Mdiller, C., Bondeau, A., Waha, K.,
Pollack, G.; Wien (2009)

Band 117+

Gesellschaftliche Naturverhaltnisse: Energiequellen und
die globale Transformation des gesellschaftlichen
Stoffwechsels.

Krausmann, F., Fischer-Kowalski, M.; Wien (2010)

Band 118+

Zuriick zur Flache? Eine Untersuchung der
biophysischen Okonomie Brasiliens zwischen 1970 und
2005.

Mayer, A.; Wien (2010)

Band 119+

Das nachhaltige Krankenhaus: Erprobungsphase.
Weisz, U., Haas, W., Pelikan, J.M., Schmied, H.,
Himpelmann, M., Purzner, K., Hartl, S., David, H.; Wien
(2009)

Band 120+

LOCAL STUDIES MANUAL

A researcher’s guide for investigating the

social metabolism of local rural systems.

Singh, S.J., Ringhofer, L., Haas, W., Krausmann, F., Fischer-
Kowalski, M.; Wien (2010)

Band 121+

Sociometabolic regimes in indigenous communities and
the crucial role of working time: A comparison of case
studies.

Fischer-Kowalski, M., Singh, S.J., Ringhofer, L., Grinbihel
C.M., Lauk, C., Remesch., A.; Wien (2010)

Band 122+

Klimapolitik im Bereich Geb&ude und Raumwaéarme.
Entwicklung, Problemfelder und Instrumente der Lander
Osterreich, Deutschland und Schweiz.

Jobstl, R.; Wien (2012)

Band 123+

Trends and Developments of the Use of Natural
Resources in the European Union.

Krausmann, F., Fischer-Kowalski, M., Steinberger, J.K.,
Schaffartzik, A., Eisenmenger, N, Weisz, U.; Wien (2011)

Band 125+

Raw Material Equivalents (RME) of Austria’s Trade.
Schaffartzik, A., Eisenmenger, N., Krausmann, F., Weisz, H.;
Wien (2013)

Band 126+

Masterstudium "Sozial- und Humandkologie":
Selbstevaluation 2005-2010.

Schmid, M., Mayer A.,

Miechtner, G.; Wien (2010)

Band 127+

Bericht des Zentrums fiir Evaluation und
Forschungsberatung (ZEF). Das Masterstudium ,,Sozial-
und Humanokologie“.

Mayring, P., Fenzl, T.; Wien (2010)

Band 128+

Die langfristigen Trends der Material- und Energieflisse
in den USA in den Jahren 1850 bis 2005.

Gierlinger, S.; Wien (2010)

Band 129+

Die Verzehrungssteuer 1829 — 1913 als Grundlage einer
umwelthistorischen Untersuchung des Metabolismus
der Stadt Wien. Hauer, F.; Wien (2010)
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Band 130+

Human Appropriation of Net Primary Production in South
Africa, 1961- 2006. A socio-ecological analysis.
Niedertscheider, M.; Wien (2011)

Band 131+

The socio-metabolic transition.

Long term historical trends and patterns in global
material and energy use.

Krausmann, F.; Wien (2011)

Band 132+

,Urlaub am Bauernhof“ oder ,,Bauernhof ohne Urlaub“?
Eine sozial-6kologische Untersuchung der
geschlechtsspezifischen Arbeitsteilung und
Zeitverwendung auf landwirtschaftlichen Betrieben in der
Gemeinde Andelsbuch, Bregenzerwald.

Winder, M.; Wien (2011)

Band 133+

Spatial and Socio-economic Drivers of Direct and Indirect
Household Energy Consumption in Australia.
Wiedenhofer, D.; Wien (2011)

Band 134+

Die Wiener Verzehrungssteuer. Auswertung nach
einzelnen Steuerposten (1830 — 1913).

Hauer, F.,

Gierlinger, S., Nagele, C., Albrecht, J., Uschmann, T.,
Martsch, M.; Wien (2012)

Band 135+

Zeit fiir Veranderung? Uber die geschlechtsspezifische
Arbeitsteilung und Zeitverwendung in
landwirtschaftlichen Betrieben und deren Auswirkungen
auf Landnutzungsveréanderungen in der Region
»Westlicher Wienerwald®. Eine sozial-6kologische
Untersuchung.

Madner, V.; Wien (2013)

Band 136+

The Impact of Industrial Grain Fed Livestock Production
on Food Security: an extended literature review.

Erb, K-H., Mayer, A., Kastner, T., Sallet, K-E., Haberl, H;
Wien (2012)

Band 137+

Human appropriation of net primary production in Africa:
Patterns, trajectories, processes and policy implications.
Fetzel, T., Niedertscheider, M., Erb, K-H., Gaube, V.,
Gingrich, S., Haberl, H., Krausmann, F., Lauk, C., Plutzar, C.;
Wien (2012)

Band 138+

VERSCHMUTZT - VERBAUT - VERGESSEN: Eine
Umweltgeschichte des Wienflusses von 1780 bis 1910.
Pollack, G.; Wien (2013)

Band 139+

Der Fleischverbrauch in Osterreich von 1950-2010.Trends
und Drivers als Zusammenspiel von Angebot und
Nachfrage.

Willerstorfer, T.; Wien (2013)

Band 140+

Veranderungen im sektoralen Energieverbrauch
ausgewahlter europdaischer Lander von 1960 bis 2005.
Draxler, V.; Wien (2014)

Band 141+

Wie das ERP (European Recovery Program) die
Entwicklung des alpinen, landlichen Raumes in
Vorarlberg préagte.

GroB3, R.; Wien (2013)

Band 142+

Exploring local opportunities and barriers for a
sustainability transition on a Greek island.

Petridis, P., Hickisch, R., Klimek, M., Fischer, R., Fuchs, N.,
Kostakiotis, G., Wendland, M., Zipperer, M., Fischer-
Kowalski, M.; Wien (2013)

Band 143+

Climate Change Mitigation in Latin America: A Mapping
of Current Policies, Plans and Programs.

Ringhofer, L., Singh, S.J., Smetschka, B.; Wien (2013)

Band 144+

Arbeitszeit und Energieverbrauch: Grundsatzfragen
diskutiert an der historischen Entwicklung in Osterreich.
Weisz, U., Possanner, N..; Wien (2013)

Band 145+

Barrieren und Chancen fir die Realisierung nachhaltiger
Mobilitat. Eine Analyse der Zeitabhéngigkeit von
Mobilitdtsmustern am Beispiel von Krems/Donau.

Gross, A.; Wien (2013)

Band 147+

The rise of the semi-periphery:

A physical perspective on the global division of labour.
Material flow analysis of global trade flows (1970-2005).
Loy, C.; Wien (2013)

Band 148+

Historische Energietransitionen im Landervergleich.
Energienutzung, Bevdlkerung, Wirtschaftliche
Entwicklung.

Pallua, 1.; Wien (2013)

Band 149+

Socio-Ecological Impacts of Land Grabbing for Nature
Conservation on a Pastoral Community: A HANPP-based
Case Study in Ololosokwan Village, Northern Tanzania.
Bartels, L. E.; Wien (2014)

Band 150+

Teilweise waren Frauen auch Traktorist.
Geschlechtliche Arbeitsteilung in landwirtschaftlichen
Betrieben Ostdeutschlands heute — Unterschiede in der
biologischen und konventionellen Bewirtschaftung.
Fehlinger, J.; Wien (2014)

Band 151+

Economy-wide Material Flow Accounting

Introduction and guide.

Krausmann, F., Weisz, H., Schiitz, H., Haas, W., Schaffartzik,
A.; Wien (2014)

Band 152+

Large scale societal transitions in the past.

The Role of Social Revolutions and the 1970s Syndrome.
Fischer-Kowalski, M., Hausknost, D. (Editors); Wien (2014)

Band 153+

Die Anfange der mineralischen Dingung in
Osterreich-Ungarn (1848-1914).

Mayrhofer, I.; Wien (2014)

Band 154+

Environmentally Extended Input-Output Analysis.
Schaffartzik, A., Sachs, M., Wiedenhofer, D., Eisenmenger,
N.; Wien (2014)

Band 155+

Rural Metabolism: Material flows in an Austrian village in
1830 and 2001.

Haas, W., Krausmann, F.; Wien (2015)
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Band 156+

A proposal for a workable analysis of Energy

Return On Investment (EROI) in agroecosystems.

Part I: Analytical approach.

Tello, E., Galan, E., Cunfer, G., Guzmén-Casado,
G.l.,Gonzales de Molina, M., Krausmann, F., Gingrich, S.,
Sacristan, V., Marco, |., Padro, R., Moreno-Delgado, D.; Wien
(2015)

Band 157+

Auswirkungen des demographischen Wandels auf die
Landwirtschaft und Landnutzung in der LEADER Region
Mostviertel-Mitte.

Riegler, M.; Wien (2014)

Band 158+

Okobilanzierung im Zierpflanzenbau.
Treibhausgasemissionen der Produktion von
Zierpflanzen am Beispiel eines traditionellen
Endverkaufsbetriebs in Osterreich.

Wandl, M. T.; Wien (2015)

Band 159+

CO,-Emissionen und Ressourcennutzung im
Bergtourismus. Zur Frage der nachhaltigen
Bewirtschaftung einer alpinen Schutzhitte und des
Carbon Footprint ihrer Gaste.

Fink, R.; Wien (2015)

Band 160+

Social Multi-Criteria Evaluation (SMCE) in Theory and
Practice: Introducing the software OPTamos.

Singh, S. J., Smetschka, B., Grima, N., Ringhofer, L. Petridis,
P., Biely, K.; Wien (2016)

Band 161+

»Und dann war das Auto auch wieder weg“ —
Biografische Betrachtung autofreier Mobilitéat.
Sattlegger, L.; Wien (2015)

Band 162+

Die Konstruktion von traditional ecological knowledge:
Eine kritische Analyse wissenschaftlicher Umwelt- und
Naturschutzdiskurse.

Andrej, M.; Wien (2015)

Band 163+

Stickstoffflisse von der landwirtschaftlichen Produktion
bis zum Lebensmittelverzehr in Osterreich von 1965 bis
2010.

Sinnhuber, L.; Wien (2015)

Band 164+

Socio-ecological Impacts of Brick Kilns in the Western
Ghats: A socio-metabolic Analysis of small-scale Brick
Industries in the Mumbai Metropolitan Region,
Maharashtra, India.

Noll, D.; Wien (2015)

Band 165+

Wachsende Fahrradnutzung in Wien und ihre Relevanz
far Klima und Gesundheit.

Maier, P.; Wien (2015)

Band 166+

Auswirkungen von Krieg und Besatzung auf die
Ressourcennutzung auf dem Truppeniibungsplatz
Dollersheim/Allentsteig in den Jahren 1938-1957.
Mittas, S.; Wien (2016)

Band 167+

Zwischen Kolonie und Provinz. Herrschaft und Planung
in der Kameralprovinz Temeswarer Banat im 18.
Jahrhundert.
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