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Abstract:
In a world with diverging emission reduction targets, national climate policies might be ineffective in
reducing consumption-based CO2 emissions (carbon footprints), i.e. emissions of final demand that are
embodied in domestic and international supply chains. We analyse a set of different policies in three
areas with particularly high consumption-based emissions in Austria: building construction, public
health, and transport. To capture both, substitution possibilities triggered by these policies and the
induced emission reductions along the full global supply chain, our analysis combines a Computable
General Equilibrium with a Multi-Regional Input-Output model. For building construction we find that
a carbon added tax is highly effective in reducing consumption-based emissions whereas an information
obligation on vacant dwellings combined with a penalty payment when vacant buildings are not made
available is ineffective because of reallocated investment capital. Mandatory energy efficiency
improvements in public health and mobility are found equally effective in reducing consumption- and
production-based emissions while a decarbonization of domestic logistics stronger reduces productionbased emissions. Overall, the effectiveness of policies, to mitigate consumption-based emissions, is
therefore determined by the backward and forward linkages of the sector addressed by the policy as
well as the substitution effects within final demand.
Keywords: carbon footprint; national climate policy; emissions embodied in trade; policy analysis;
Computable General Equilibrium analysis; Multi-Regional Input-Output model
JEL classification: C67; C68; F18; Q56
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1. Introduction
The United Nations Framework Convention on Climate Change (UNFCCC) and the Paris
Agreement both acknowledge globally ‘common but differentiated responsibilities’ to reduce
greenhouse gas (GHG) emissions and keep global warming below 2°C [1]. The accounting principle in
place by the UNFCCC requires all parties to report GHG emissions on a production-based principle, as
specified by the guidelines for National Greenhouse Gas Inventories by the Intergovernmental Panel on
Climate Change [2]. GHG emissions in this principle are allocated to the country in which they
physically occur during production (production-based emissions). With a high intensity in global trade,
many industrialized countries are however also causing emissions along global supply chains. Several
authors have therefore suggested to supplement production-based emissions accounting by accounting
principles that acknowledge these emissions embodied in international trade [3]. In this paper, we focus
on the most common alternative accounting principle, consumption-based emissions, also called carbon
footprints, which allocates all emissions occurring along the supply chain to the country of final
consumption [4].
Several studies in the past decade calculate consumption-based emissions on a global scale using
the Multi-Regional Input-Output (MRIO) method (see e.g. [5]–[8]). These studies find developed
countries in general as net importers of associated GHG emissions in international trade from
developing countries. This imposes stronger responsibilities of GHG emissions towards developed
countries and raises new questions of justice, policy effectiveness and policy design [6], [9]–[11].
A comparatively newer strand of literature conducts hotspot or structural path analyses for specific
sectors such as food or buildings, to identify policy intervention points for reducing consumption-based
emissions. Steininger et al. [12] find for Austria that the ranking of sectoral hotspots changes when
looking at consumption-based instead of production-based emissions. While for Austria electricity and
iron & steel are the top two sectors in terms of production-based emissions, the most important sector
for consumption-based emissions is construction, followed by government services, trade, and
transport. Similarly, Barrett et al. [13] contrast energy production, energy-intensive industries, and
transportation as sectors with high production-based emissions to the importance of electric equipment,
vehicles, and textiles from a consumption perspective for the UK. Kagawa et al. [14] use cluster analysis
from global supply chain networks and thereby identify crucial policy intervention points for the US
demand sectors of transport equipment and construction. Significant emission shares in these sectors
were attributed to Chinese emission clusters, which showed also rapid growth during the previous years.
To reduce consumption-based emissions by domestic policies, three types of policies have been
identified in the literature [3]: trade measures to reduce emissions embodied in trade, such as border
carbon tax adjustment; (ii) non-trade measures to reduce emissions embodied in trade, such as clean
technology transfer; and (iii) domestic policies focused on emissions embodied in final demand.
Regarding trade measures, numerous studies investigate trade policies to reduce carbon leakage
triggered by unilateral climate and energy policies [15]–[18]. Several studies also investigate whether
2

global (production-based) emissions are reduced by clean technology transfer [19], [20], or by the Clean
Development Mechanism [21], [22].
In parallel to this literature on the attribution of emissions by country, there is a long-standing
literature on evaluating the effectiveness of national policies to reduce (production-based) emissions.
The main methodology for policy assessment is the computable general equilibrium (CGE) framework,
and numerous models assess both supply and demand-side policies. For instance, several studies
investigate the effect of sectoral policies in the building sector [23], transport sector [24]–[26], and in
different industrial sectors [27]–[30]. Some studies also compare different policy instruments, such as
fuel taxes, performance standards, technology mandates [31]–[33].
While several studies on consumption-based emission accounting emphasize the importance of
analysing the effectiveness of national climate policies beyond national boundaries (e.g. [11], [13],
[34]); only few highly stylized models exist that perform such policy assessment. For example Jakob et
al. [35] uses a two-country two-sector trade model, but to the best of the authors’ knowledge no
empirical policy evaluation has been conducted yet. One potential reason for this research gap might be
that the evaluation of national policies with regard to consumption-based emissions along the full global
supply chain requires non-trivial model simulations that combine different methodological frameworks.
In this work we aim at closing this gap by evaluating the effectiveness of national climate policies
in reducing consumption-based and production-based emissions. We use two interlinked
methodologies: the first one consisting of a Computable General Equilibrium (CGE) model that
assesses the changes induced by national climate policies in terms of supply, demand, prices,
substitution effects, and carbon intensities across economic sectors; and the second methodology which
comprises the development of a Multi-Regional Input-Output (MRIO) model, considering multidirectional trade linkages and full feedback loops. The MRIO framework allows calculating
consumption-based emission responsibilities (or country’s carbon footprint) before and after a climate
policy simulation is conducted within the CGE model, measuring how effective a policy is to reduce
emissions along the international supply chain. Setting the methodological steps in this way goes
beyond previous work by Böhringer et al. [36] and Hanley et al. [37]. Böhringer et al. [36] for instance
uses a MRIO model to calculate carbon tariffs based on consumption-based emissions, and then
analyses this carbon tariffs in a CGE model. In this paper we use the MRIO model to do both, estimate
consumption-based emissions before and after the policy is introduced, quantifying therefore how
effective a policy is to reduce consumption-based emissions globally.
Beyond this methodological advance, we apply the model framework to investigate five national
climate policies in the Austrian economy. With its characteristics of a small open economy, Austria is
highly integrated in international trade and its consumption-based emissions are 50% higher than
production-based emissions [12], [38]. We address areas which are identified to have high levels of
emissions in Austrian consumption and specify five policies that are presumed to reduce these emissions
(i.e. be effective in terms of consumption-based emissions). By model simulation we assess whether
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those policies turn out to be effective to reduce Austrian production-based and consumption-based
emission, when accounting for responses on the supply and demand side. Using decomposition analysis,
we trace back induced emission changes by each region and sector, as we are interested in supply and
demand side effects along the whole production chain, that cannot be derived by analytical ways, but
only by model simulation. Thereby we are able to show which contributions in the international supply
chain are most relevant for the emission effects of each specific policy and conclude on general policy
design.
The structure of the paper is as follows. In section 2 we elaborate the method of the CGE model, the
MRIO model, and their linking. Section 3 specifies the particularities of the investigated Austrian
economy and the five national climate policies. In section 4 we show the results of our simulations,
which are further discussed in section 5. Section 6 concludes and gives policy implications.

2. Method
In this paper we combine a computable general equilibrium (CGE) model with a Multi-Regional
Input-Output (MRIO) model. CGE models of global extent are state of the art in macroeconomic
evaluations of climate and energy policies as they allow to investigate how policies trigger changes in
production technologies and final demand via price and quantity adjustments [39]–[42]. While recent
developments in more heterodox ecological macroeconomic model frameworks (like [43]–[45]) would
allow for advanced analysis of low carbon transition processes, these models usually lack sectoral
disaggregation and/or global trade representation [46] necessary for analysing policy implications from
international supply chains in the present study. MRIO models in contrast to CGE models offer less
flexibility with regard to policy adjustments, but are well suited for computing the direct and indirect
emissions released along the national and international production chain that are induced by the
consumption of final goods and services of a specific region or country. In this context, MRIO models
play an important role in understanding global environmental pressures of particular consumers, and
building indicators that reflect those global impacts (i.e. consumption-based metrics) [4], [47]–[49].
Moreover, these models are also characterized by capturing several feedback loops that occur along the
production chain, offering thus the estimate of full production linkages and associated emissions
induced by final consumption.
In our analysis we link both methodologies to evaluate responses to national climate policies on
production-based and consumption-based emissions inventories, as well as on their macroeconomic
effects. An overview of the proceeding for our analysis is given in Figure 1. Both methods rely on
national macroeconomic and international trade data disaggregated by sectors, as well as emission data
with a global coverage. The database on the sectoral economic structure of countries comes from the
Global Trade Analysis Project (GTAP) 9 [50], as it contains all the necessary information for
performing CGE and MRIO models, and has been widely used in the literature. This database contains
consistent information on 140 regions and 57 economic sectors for the year 2011, which we use as
4

benchmark. We aggregate the regions into 4 European clusters, 4 Asian countries and 7 larger world
regions according to Austrian’s most relevant trade partners, as well as Austria as the country of national
climate policy implementation. On the sectoral scale we also aggregate into 25 sectors to reduce
complexity and computational intensity in our analysis. An overview of this regional and sectoral
aggregation can be found in the Appendix.

PBE data:

Economic data:

EUROSTAT, GTAP,
CDIAC, UNFCCC

GTAP

Regional and sectoral aggregation
Austrian
household data:

CGE Benchmark
simulation

Model
calibration

MRIO
Benchmark
calculation of
PBE and CBE

Economic and
PBE data

MRIO Policy
calculation of
PBE and CBE

Specification
of Policies
CGE Policy
simulation

Policy evaluation
(PBE, CBE and economic)

Statistik Austria

Figure 1: Methodological proceeding and model linking for the analysis.
The CGE model builds upon countries’ Social Accounting Matrices (SAM) that represent the
economic structure in the model regions and differentiates between three types of agents: representative
households, the government, and firms in several economic sectors (see the Appendix for a more
technical description of the model). As households are endowed with primary factors of labour, capital
and natural resources, they generate income by the employment of these primary factors in the
production process. Firms use the primary factors together with intermediate inputs from other sectors
to supply their output under the assumption of perfect competition. The production process is
represented as sectoral aggregated production function with constant elasticities of substitution (CESfunctions). Both, households and firms pay taxes to a regional government agent. Produced output is
demanded for consumption by government and households as well as by other firms as intermediate
inputs. Regions are linked via imports and exports, which we assume to be imperfect substitutes to
domestic production output [51]. As extension on previous versions of the CGE model [28], [29], for
the Austrian region we disaggregate the representative household into four income quartiles via a hybrid
method cf. [52], based on data of the Austrian consumption expenditure survey [53], [54]. In terms of
emissions, we model CO2 with a zero elasticity of substitution to the input of different fossil fuels, with
their corresponding emission coefficients. A change in fossil fuel input into a production process
therefore corresponds with an equally strong change in CO2 emissions. Emissions data from fuel
5

combustion is retrieved from the EUROSTAT NAMEA database and the GTAP database. We further
include industrial process emissions, which do not emerge by the combustion of fossil fuels, but from
other chemical or physical processes in the production for some industrial products as steel, cement and
chemical products from UNFCCC and CDIAC data. These emissions are integrated in the CGE model
by nesting CO2 with a zero elasticity to the output level of the sector (cf. [29]).
With regard to the building of the MRIO models, the core dataset used are countries’ SAMs as in
the case of the CGE model that are likewise extended by emission inventories. SAMs are further
interconnected in the model by international trade data in order to measure interactions among regions
along the national and international production chain (see [55] for methodological issues on MRIO
models and [11], [12], [38] for the empirical details on the construction of our model). The extended
MRIO model is the basis for deriving emission multipliers that measure global emissions embodied in
consumption (see Appendix for the MRIO formulation). It is worth mentioning that after each policy
simulation new MRIO models are built, which reflect the outcome of the policy introduced and the
respective emissions embodied in consumption.
The MRIO and CGE models are both calibrated to the same regional and sectoral aggregation as
well as to the economy wide averaged regional shares of sectoral import flows in the CGE model.1
For our policy evaluation we simulate five national climate policies, as specified in the following
section, in the CGE model. This policy shocks bring the economy in a disequilibrium and induce a
reaction of the agents in the model, leading to changes in relative prices until a new global economic
equilibrium is found. For the benchmark simulation and after simulating each of the climate policies,
we calculate full global economic data (𝑥, 𝑍, 𝑦) and production-based emissions (𝑒) in the CGE model;
these results are then used as input for the after-policy calculation of consumption-based emissions in
the MRIO model (see Appendix).
As a last step, the policy-induced change in consumption-based emissions are decomposed into
regional and sectoral sources by using the diagonalized vector of sectoral emission intensities in the
MRIO model (see Appendix for formulation). Figure 2 illustrates the decomposition for sources of
consumption-based emissions and destinations of production-based emissions. Changes in emissions
can be traced back correspondingly, as shown for the results in section 4. Total consumption-based
emissions (CBE) consist of household direct emissions (HH direct) and emissions embodied in final
consumption (Consumption). The latter arise from the consumption of products and services in different
sectors i. Considering one specific sector j (that is in our analysis the sector in which we address the
corresponding policy), we can differentiate the regional sources, where emissions originate along the
international supply chain: within Austria, within other EU countries, or in non-EU countries.
Furthermore, the sectoral sources of intermediate inputs along the supply chain can be decomposed in

1

To validate the regional and sectoral aggregation as well as the model calibration, we compare benchmark consumptionbased emissions, calculated with the full resolution of 140 regions, 57 sectors and detailed import flows with
consumption-based emissions from the calibrated aggregated model and find regional differences of less than 5%, and for
Austria a difference of 1%.
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each sector i for each of the different regions. In our results we distinguish between the one sector k in
which the largest emission reductions occur and an aggregate of all other sectors i-k. Total productionbased emissions (PBE), which differ from consumption-based emissions, are decomposed into
household direct emissions (HH direct) and emissions resulting from domestic production
(Production). The latter include only sectoral direct emissions from fuel combustion and industrial
processes within Austria. Depending on the regional destination of intermediate or final demand,
production emissions are decomposed into emissions for domestic demand or exports.

Figure 2: Decomposition of regional and sectoral sources and destinations of
consumption-based and production-based emissions.

3. National climate policies
While production-based emissions by Austrian power plants and the industrial sector are regulated
by the European Emission trading scheme (ETS), production-based emissions in non-ETS sectors and
by households are regulated at the national scale. The national targets for these non-ETS emissions by
2020 are regulated by the EU Effort Sharing decision [56].2 For the choice of climate policies
investigated in our analysis, we therefore focus on non-ETS emissions and particular on areas which
constitute emission hotspots in terms of consumption-based emissions in Austria (cf. [12]). After
identifying these hotspots in the subsequent section, we develop five national climate policies to reduce
these emissions (cf. [59]).

3.1 Austria’s consumption-based emission hotspots
When comparing consumption-based CO2 emissions with production-based CO2 emissions on a
sectoral level for Austria, we find that while electricity and energy intensive sectors (like iron and steel
or mineral products) are hotspots in terms of production-based emissions whereas consumption-based
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The climate and energy framework targets of the EU for 2030 [57] are not yet translated to national targets,
although there is a process for a green book climate and energy [58].
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emission hotspots are the construction sector, government services and trade (see Figure 3). One reason
for this difference is the inclusion of imported embodied emission and the exclusion of exported
embodied emissions when calculating consumption-based emissions. The other reason is the allocation
towards final consumption, accounting for example emissions of the electricity sector, if the electricity
is used in a service sector to this sector of final demand.
For our policy areas we consider the sectoral emission situation as follows. We focus on building
construction as the construction sector has overall the highest level of sectoral consumption-based
emissions. Further, we consider public health as a policy area, as it is the major contributor in the sector
of government services. As third policy area we consider mobility, as we want to address not only
emissions in the transport sector as such, but also emissions in the sector of motor vehicles and parts as

Emissions [1000 t CO2]

well as household direct emissions from fuel use.

14.000
12.000
10.000
8.000
6.000
4.000
2.000
0

CBE

PBE

Figure 3: Austrian 2011 CO2 emissions attributed to 25 economic sectors on a
consumption-based and a production-based accounting principle in 1000 tons of CO2.
Based on emission data from EUROSTAT NAMEA, GTAP, UNFCCC and CDIAC. Note
that household direct emissions for transport, heating and others are not included in the
figure.

3.2 Consumption-based policy design
While the three policy areas have high absolute consumption-based emissions, the CO2 intensity
(emissions per value unit of consumption) of these areas is comparatively low. A carbon tax, or any
other pricing instrument, applied across all three policy areas (or beyond) would therefore not be
effective in reducing emissions substantially.3 As argued by Steininger et al. [12] other policies are
therefore needed in such sectors, such as mandates or information campaigns. In this paper, we therefore
select national policies for the specific sectors that have proven effective in other countries. In addition,

3

A similar argument has been put forward regarding the inclusion of non-ETS sectors in the EU ETS.
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country specific legislative, social and geographic characteristics have been taken into account for the
specific design of the policies. They were further assessed in a stakeholder process and evaluated also
in terms of political feasibility and flexibility cf. [59]. This resulted in the following climate policies in
the three policy areas (see also Table 1).
Building construction: (#1) The first policy in this area consists of an information obligation for
owners of dwellings to report vacancies tied to a penalty payment for deliberate vacancies after a period
of six months. This should help to reduce the amount of new dwellings that have to be built to
accommodate growing demand for affordable housing in cities. Recent numbers of vacant flats in
Vienna are estimated around 35.000 inhabitable but unoccupied flats (3.5% of the total), of which
10.000 have been vacant for more than 2.5 years [60].
(#2) A carbon-added tax would tax the carbon content of construction materials similar in principle
to the value-added tax. That is, the additional carbon emitted during each production stage would be
taxed, so that companies at each point in the production chain pay the tax only on their own added
carbon, while the end user pays the full cost of the CO2 embodied in the product [61]. For the
introduction of such a policy in the Austrian legislative framework, an average tax could be levied on
construction materials with a high carbon content, incentivising the use of low carbon construction
materials.
Public health: (#3) Mandatory environmentally preferable purchasing in hospitals requires
prioritising environmental (and possibly economic and social) considerations in all procurement
decisions, from cleaning products, food, IT hardware, energy, vehicles and construction materials to
medical and laboratory equipment. While there exists a voluntary action plan for sustainable public
procurement in Austria [62] also the Vienna hospitals association KAV runs such a mandatory
procurement programme. Further, some hospitals are voluntarily evaluating their purchasing practices
in the framework of European Union’s Eco-Management and Audit Scheme (EMAS). A policy in this
area would make environmentally preferable purchasing obligatory for all Austrian hospitals.
Mobility: (#4) Companies with 50 or more employees would be legally obliged to provide financial
incentives to employees using bicycles and/or public transport for their daily commute to work, while
car use would be penalised by e.g. charging for the company car parking space. This policy would enlist
firms to encourage a modal shift away from cars for commuting, making mandatory schemes that
already exist to a smaller extent on a voluntary basis (as [63]).
(#5) Currently, cargo bikes are used mainly for the “last mile” of deliveries to urban households in
the logistics sector, which has seen transport volumes increase substantially in recent years due to online
shopping. In Austria, they are also mainly used by alternative, eco-friendly businesses like some food
delivery services. In 2017/2018, the Austrian government subsidises the purchase of cargo bikes with
at most 250 € for electrified bikes and 200 € for non-electrified ones [64]. This represents a reduction
compared to the subsidy rates of 500 € and 400 € respectively that were granted until 2016. Raising the
subsidy would provide an incentive for more businesses to use cargo bikes, and also along the entire
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transport chain, thereby upscaling the practice and substituting more cars. To operationalise the policy
however, making the necessary changes to the public infrastructure is equally important: cargo bikes
require broader lanes, bigger parking spaces as well as charging stations.

Table 1: Overview of analysed consumption-based policies.
Policy
type

Modelling
Mechanism

Source of data & estimation

Building construction
#1: Vacancies

Information obligation on
vacant dwellings combined
with a penalty payment
when vacant buildings are
not made available to the
rental market

Mandate,
Incentivebased

Investment
demand

Upscaling of estimated number of
vacant dwellings in Vienna [60] to
all Austrian provincial capitals;
expert guess on reduced
construction demand; penalty
payment estimate based on
assumed rate of non-compliance.

#2: Carbon-added
tax

Carbon-added tax on
emission intensive
construction materials

Incentivebased

Input tax
increase

Based on carbon-added tax study
for the Netherlands [61]; selection
of emission intensive inputs based
on calculated consumption-based
emission intensities by sector

Obligatory
environmentally preferable
purchasing programmes for
hospitals and health
institutions in Austria

Mandate

Production
technology

Upscaling of case studies on
existing EMAS in Austrian health
institutions [65]–[73]

#4: Mobility plans

Obligation to implement
employee mobility plans
for companies with more
than 50 employees

Mandate

Final
demand

Upscaling of case studies on
existing company mobility plans
[63] to all companies with >50
employees [74]

#5: Cargo bikes

Increased subsidies for
purchasing and using cargo
bikes along the entire
transport chain

Incentivebased

Production
technology

Based on expert interviews, the
transport potential for cargo bikes
in Austria was inferred by
calculating the last mile share in
total transport kilometres; switch in
vehicle costs based on Austrian
and international study [75], [76]

Public health
#3: Env. purch.
prog.

Mobility

3.3 Policy implementation in the CGE model
For the underlying data of the national climate policies we use existing evaluations and potential
studies cf. [59], as indicated in the last column of Table 1. The mechanism of the implementation type
for each policy in the CGE simulation is shown in the fifth column of Table 1. A general description of
the implementation is given in the following, while the technical implementation can be found in the
Appendix.
For a policy on vacant dwellings (#1) we use an estimated reduced investment in the construction of
new apartments of -10%, based on Austrian housing data. This reduction is implemented as lower input
into the investment vector, while increasing all other inputs proportionally to keep overall investment
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unchanged. The model implementation of a Carbon-added tax (#2) is carried out by increasing the tax
on inputs in the construction sector from emission intensive sectors by 5% points. The obligation for
environmentally preferable purchasing programmes in hospitals and health institutions (#3) is
implemented as a change in production technology of the Public service sector, based on EMAS data
for nine Austrian hospitals. Reductions in energy, fuel and paper use as well as waste production are
attributed to the corresponding sectors of the CGE model, while inputs for capital and labour are
increasing correspondingly. For policy #4 we use Austrian company data and case studies on evaluated
mobility programs to calculate the potential reduction in passenger kilometres and a switch in transport
mode. The switch from individual to public transport is implemented as reduced household demand for
Motor vehicles and parts, Petroleum and insurances (as part of Services) and a corresponding increase
household demand for the Transport sector. Finally, an increased use in cargo bikes is implemented by
a changed production technology of the Transport sector, for which we altered intermediate input and
capital shares in the production based on case study data (similar to #3). The potential of transported
freight by cargo bikes is estimated with a share of 2% of total tonne-kilometres in Austria.

4. Results
Assessing the different policies in the combined CGE-MRIO modelling framework reveals the
following output effects and channels of consumption- and production-based emission changes.
Economic output effects (relative changes of $ output) are given in Table A-7 of the appendix on a
sectoral level and as grand total for the Austrian economy. Changes in consumption- and productionbased emissions from each policy are depicted in Figure 4-6. Therein we decompose the overall
emission effects as described in section 2. Consumption-based emission effects consist of components
of targeted sector, therein largest subsector and region of effects (Austria, within EU, and non-EU), as
well as in other non-targeted sectors component and household direct emissions. Total changes in
production-based emissions consist of domestic and exported emission changes as well as changes in
household direct emissions and sum up with a ‘PBE diff’ to total consumption-based emission changes.

4.1 Building construction
Starting with the policy area of building construction, we find for an information obligation on
vacant dwellings and penalty payments a reduction in household final demand to some extend for rental
services as part of the Service sector (i.e. by -0.02% relative to benchmark), and a more relevant decline
in investment demand for Construction. The latter causes sectoral output in Austrian Construction to
decline by -1.06%.

11
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Figure 4: Change in consumption-based and production-based emissions in Austria from
building construction policies in 1000 t CO2, difference to Benchmark. We decompose total
consumption-based emission changes into changes in targeted sector (Construction sectors), and
therein strongest affected subsector (Cement) and all other subsectors. Additionally, they are
distinguished for consumption-based emission changes within Austria, within the EU (excluding
Austria) and in Non-EU regions. Residual consumption-based emission changes arise from all other
non-targeted sectors and household direct emission changes. We indicate the difference from total
consumption-based to total production-based emission changes and decompose total production-based
emission changes into changes from household direct emissions, domestic emissions and exported
emissions.

Correspondingly, the policy induces a reduction of consumption-based emissions in the
Construction sector (-167 103 tons, see Figure 4 a).4 When we look deeper into the consumption-based
emission reductions within the Construction sector, we find that the largest share comes from emission
reduction in Cement (grey bars in Figure 4 a), which accounts for about 25% of the Construction sector
reductions. From a regional perspective, consumption-based emission reductions within Construction

4

We report changes in production-based and consumption-based emissions in absolute changes since total
consumptions-based emissions are approximately 50% higher than production-based emissions in Austria.
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occur to the largest part within Austria (59%) but also with 22% in other EU countries and with 19%
outside the EU.
The reduced investment in the Construction sector is redirected (to a certain degree) to other sectors
and increases their economic output and emissions. Therefore the consumption-based emission
reductions in the Construction sector are almost fully compensated by emission increases, especially
from the sectors Machinery and equipment (+58 103 tons), Motor vehicles (+43 103 tons), Metal
products (+22 103 tons), as well as Electronic equipment (+22 103 tons). Household direct emissions do
only marginally decline. Overall, we find therefore that these diverging effects imply that total
consumption-based emission changes are negligible (i.e. slightly reduced by -5 103 tons).
From a production-based accounting perspective, the policy leads also to a negligible overall effect
because reductions in production-based emissions for domestic goods and services are offset by an
increase in emissions from exports while reduced household direct emissions are negligible. With the
use of vacant building structure and the reduced need for construction activity, domestic productionbased emissions decline by -30 103 tons, mainly because of the lower output of the Austrian
Construction sector and Cement sector. Regarding exports, we find that price changes, induced by
changes in demand and investment, intensify Austrian export activities.
The second policy of an increased tax on emission intensive construction materials induces a switch
to less emission intensive inputs. It also increases the costs for Construction activities and therefore
final household demand for Construction declines by -0.64%. Since the additional tax revenues are
recycled back to households, their overall consumption level increases marginally by +0.0027%.
Overall, sectoral output of the Austrian Construction sector declines by -0.21% which is an order of
magnitude smaller than for the vacancies policy.
Consumption-based emissions from the Construction sector however can be reduced comparatively
stronger to the vacancy policy by -223 103 tons (see Figure 4 b). When decomposing this effect, we find
that 63% of this effect originates in the Cement sector (grey bars in Figure 4 b) and that this share
corresponds to 51% of total consumption-based emission reduction. In terms of location, major
consumption-based emission reductions are found within Austria and the EU (86% of Construction and
therein 96% of Cement).
Two effects translate into further reductions of consumption-based emissions in non-Construction
sectors. First, the increased costs for Construction as intermediate input increases also the cost and
consequently reduce the output level of the other non-Construction sectors. Second, the reduced
emission intensity of the Construction sector as intermediate input is accounted to the sectors of final
demand. This positive feedback effect overall represents about 20% of the total consumption-based
emission reduction. In contrast to the vacancy policy, overall reductions in consumption-based
emissions are with -278 103 tons therefore significant.
For the effect on production-based emissions, we find that total emissions decline by about -150 103
tons, which is nearly 90% less than the decline in total consumption-based emissions, but still
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significant in comparison to the vacancy policy. This is due to the fact that the tax rate is set based on
inputs in the Construction sector which are intensive in consumption-based emissions but to a lesser
degree intensive in production-based emissions. Moreover, in contrast to the first policy addressing
vacant dwellings, we find for the carbon added tax not only a reduction of domestic emissions but also
of exported emissions as increased prices reduce the export demand. Therefore, also emissions
embodied in exports decline.

4.2 Public health
In the second policy area of public health, an obligation on environmentally preferable purchasing
programmes for hospitals and health institutions leads to reductions of energy, fuel and material use.
Moreover, labour and capital inputs, necessary for implementing these programmes, increase. Overall
costs are assumed to level out and therefore household demand for health services (included in the
Public service sector) and output of Public Services increase only slightly by +0.013%.
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Figure 5: Change in consumption-based and production-based emissions in Austria from public
health policy implementation in 1000 t CO2, difference to Benchmark. We decompose total
consumption-based emission changes into changes in targeted sector (Government Services), and
therein strongest affected subsector (Government Services) and all other subsectors. Additionally, they
are distinguished for consumption-based emission changes within Austria, within the EU (excluding
Austria) and in Non-EU regions. Residual consumption-based emission changes arise from all other
non-targeted sectors and household direct emission changes. We indicate the difference from total
consumption-based to total production-based emission changes and decompose total production-based
emission changes into changes from household direct emissions, domestic emissions and exported
emissions.
These reductions in intermediate inputs lead to a relatively high consumption-based emission
reduction of the Public service sector (-116 103 tons), see Figure 5. Disentangling this effect further, we
find that direct emissions from fuel use constitute about 75% of these reductions (grey bar in Figure 5)
and 14% come from lower demand of the Electricity sector. When looking into the location where the
emissions are reduced, the largest share of emission reductions occurs within Austria and the policy has
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only minor emission implications within other EU and non-EU countries. Effects in other nonGovernment sectors are also small, but give some additional reductions, while household direct
emissions are basically unchanged. Overall consumption-based emissions decline therefore again
significantly by -133 103 tons because we find emission reductions in all sectors, not just the target
sector, and for household direct emissions.
As the policy affects primarily sectoral direct emissions and Austrian electricity emissions, total
consumption-based and total production-based emission reductions are almost equivalent. The
additional emission contribution of exports represents about 5% of total production-based emission
change.

4.3 Mobility
The first policy in the area of mobility imposes an obligation to implement employee mobility plans.
The resulting switch in transport modes leads to reductions in household demand for Motor vehicles
and parts, Trade, insurances (Service sector) and most notably Petroleum products. Transport services
are at the same time demanded more.
In Figure 6 a we summarize exactly these five sectors under transport related sectors in the first three
columns. The largest reduction within these sectors comes from the Electricity sector (32%),
represented by the grey bars in Figure 6 a. These reductions occur mainly outside Austria (77%) and
also outside the EU (46%). The largest emission reduction arises from direct household emissions due
to lower petroleum use (82% of total CBE-effect). Consumption-based emissions from other sectors
slightly increase because of demand shifts of the private and government household. But since this
effect is comparatively small, total consumption-based emissions decline significantly by -70 103 tons.
Because household direct emissions are included in both accounting principles equally and since
household direct emissions reductions contribute most to the overall emission reductions, there is no
significant difference between the decline in total consumption-based and production-based emissions.
Reductions from domestic and export changes contribute 16% of the total production-based emission
effect.
The use of (electricity powered) cargo bikes replacing fuel combustion trucks leads to a reduction
of direct emissions in the Transport sector because of the fuel switch. This is indicated by the relatively
large grey bar in Figure 6 b in the Transport sector within Austria. Further consumption-based emission
reductions within the Transport sector are induced in the Petroleum und Electricity sectors within the
EU, while the non-EU reductions within the Transport sector are mainly induced in the Oil and Gas
sector of Kazakhstan, Russia, Oil and Gas exporting Countries and Emerging Economies.
We find additional emission reductions in other non-Transport sectors and from household direct
emissions. This positive feedback effect has two channels. With the switch to cargo bikes along the
whole supply chain, emissions can not only be reduced for the final Transport demand, but also for
inter-sectoral Transport services. This emission reduction is accounted in the corresponding sector of
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final demand. Simultaneously to the fuel reductions, the labour services needed for the delivery with
cargo bikes increase significantly and make Transport services more costly for other sectors. Moreover,
wages rise because of the higher labour demand in the Transport sector. Both effects translate into
higher costs for labour and transport intensive sectors and decrease their output (as shown in Table A7) and emissions.
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Figure 6: Change in consumption-based and production-based emissions in Austria from mobility
policies implementation in 1000 t CO2, difference to Benchmark. We decompose total consumptionbased emission changes into changes in targeted sector (Transport-related sectors), and therein strongest
affected subsector (Transport Sector) and all other subsectors. Additionally, they are distinguished for
consumption-based emission changes within Austria, within the EU (excluding Austria) and in NonEU regions. Residual consumption-based emission changes arise from all other non-targeted sectors
and household direct emission changes. We indicate the difference from total consumption-based to
total production-based emission changes and decompose total production-based emission changes into
changes from household direct emissions, domestic emissions and exported emissions.

16

Total consumption-based emissions decline therefore by -59 103 tons, but we find a more than two
times larger reduction in production-based emissions. This is determined by similar channels as
described for the spillovers before. Higher production costs, especially of labour and transport intensive
sectors, translate into reduced export demand and therefore lower emissions (28% of total productionbased emission reduction). Furthermore, emission reductions from Transport services to exporting firms
are also accounted for the Transport sector with the production-based principle, while they are not
included in the consumption-based emission effect.

5. Discussion
In our evaluation of the specific climate policies and application to empirical data for the case of
Austria we analysed the channels of induced emission changes along the supply chain, which allow for
the following general insights. The consumption-based emission effectiveness of a policy is determined
by emission reductions of the targeted sector as well as emission effects in non-target sectors from
demand side responses of other sectors and final consumption.
To reduce the consumption-based emissions of a targeted sector, the regional distribution of the
whole supply chain of the sector is of relevance. For example, in the Construction sector, emissions
from the demand of Cement within and outside Austria are found to be of large relevance, although
contributing differently strong to consumption-based emission reductions from the vacancies policy
than from a carbon-added tax. This relevance of the regional distribution of the supply chain was also
emphasized in other studies, e.g. by Steininger et al. [12] for Austria or Barrett et al. [13] for the UK.
For the effectiveness of a policy to reduce consumption-based emissions, additionally to the effect
of the targeted sector, also the non-target sector feedback is shown to be of determining relevance. This
was not considered explicitly so far in existing studies on consumption-based emission policies. Two
channels can be distinguished here. First, through intermediate demand of the targeted sector output
emission reductions spill over to non-target sectors. This channel is clearly limited to policies
addressing the supply side. For example, the cargo bike policy has about an equally strong spillover in
consumption-based emission reductions in the non-target sectors as in the targeted sector because of
the relatively high share of intermediate demand in total Transport demand and therefore the overall
emission reduction is about twice the effect in the target sector. A policy for environmentally preferable
purchasing programmes in hospitals and health institutions shows nearly no such spillover effect as
total sector demand comes mainly from households and the government.
The second channel constitutes a behavioural response from the demand side, resulting in changes
in emissions from the demand for non-target sectors output of investment, private and the public
household and household direct emissions from fossil fuel combustion. A vacancies policy, for
example, reallocates investment demand, thereby compensating the target sector effect.5 Due to this

5

Since also other investment goods are comparatively intensive in consumption-based emissions, this increase
in demand of other investment goods implies also an increase of emissions in these sectors.
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rebound effect, we find that the overall reduction of a vacancy policy on consumption-based emissions
is negligible, despite significant emission reductions within the target sector. A carbon-added tax, on
the other hand, increases the price for construction activities and thereby further reduces emissions
because of lower demand.
Comparing production-based to consumption-based emission effects it becomes apparent that,
again, the international supply chain of the targeted sector determines the domestic production-based
emission effect and the difference to the consumption-based perspective. When a policy successfully
addresses emissions embodied in imports, like a carbon-added tax based on sectoral consumption-based
emission intensities in the Austrian construction sector, consumption-based emission reductions are
stronger than production-based emission reductions. A policy mainly addressing direct emissions of a
targeted sector, as e.g. environmentally preferable purchasing programmes, or direct household
emissions, as e.g. mobility plans, reduces domestic emissions and therefore consumption-based and
production-based emission effects are in the same range.
While the effect on emissions embodied in exports is of little relevance for a carbon-added tax, it is
e.g. for the vacancy and cargo bike policies, contributing a relevant share to the production-based
emission changes. For these two policies, we find however a different response: while the export effect
partly reverses the domestic emission effect in the vacancies policy, the export effect reinforces the
domestic emission effect in the cargo bike policy. What is also of relevance with the cargo bike policy
are the (domestic) supply chain emissions embodied in Austrian exports. These emission reductions,
coming from a lower emission intensive Austrian Transport sector, show up neither in Austrian
consumption-based nor in Austrian production-based emission accounts, but would reduce the
consumption-based emissions in other regions of Austrian export destinations (see also [9] for
combining imported and exported emissions).

6. Conclusions
If all countries would implement globally coordinated climate policies, the accounting principle for
GHG emissions would not play a role for achieving an efficient emission reduction. As long as climate
policies are taken mainly by developed countries with relatively clean production technologies, and
these countries in general are net importers of emissions in international trade from developing countries
[6], [77], a consumption-based accounting principle covers a larger extend of emissions. From this
perspective the adoption of a consumption-based accounting principle for emission targets and policy
design is indicated. With the Paris Agreement, relevant emission reductions are pledged by a range of
more diverse countries in terms of development level and net imports of emission from international
trade. An evaluation of national climate policy therefore performs differently in terms of consumptionand production-based emissions.
In our analysis we link a MRIO and a CGE framework to evaluate national climate policies in terms
of both production- and consumption-based emission reduction – an analysis demanded in the literature,
18

but not carried out so far [3]. We close this gap by combining a macroeconomic policy simulation with
behavioural responses of agents and a subsequent consistent emission evaluation in terms of
consumption-based accounting, including changes in the domestic and global supply chain. By the
decomposition of total emission reductions along the international supply chain, we pin down the
regional and sectoral sources of the consumption-based emission changes. For a comprehensive picture
of the global emission effects, however, we can conclude only when we look at both consumption- and
production-based emissions.
In our analysis we showed that the reduction of international emissions along the supply chain of
domestic final demand is possible with certain domestic policy instruments. Further, we find that
behavioural policy responses as well as linkages to intermediate and export demand for some policies
critically determine the effectiveness of emission reduction. Those policies, effective to reduce both
production- and consumption-based emissions in an equal amount are those that mainly address
household direct emissions (like mobility plans) or domestic sector emissions, which are also mainly
demanded domestically (like environmentally preferable purchasing programs for hospitals and health
institutions). As Austrian consumption-based emissions are about 50% higher than its production-based
emissions, a proportional reduction would require stronger reductions of consumption-based emissions.
This is achieved only in one case of the set of evaluated policies, by a specific tax based on consumptionbased emission intensities in the construction sector.
When comparing across locations where emissions are reduced, we find that all policies are
primarily effective in reducing emissions within Austria, but they also lead to smaller reductions in
other EU regions as well outside of the EU. This is also the reason why all policies that are effective in
reducing consumption-based emissions, are also effective in reducing production-based emissions.
From a policy perspective, this result is important in two dimensions: first, national policies that apply
to commodities and sectors within the country do not stand in potential conflict with World Trade
Regulations as e.g. border carbon adjustments could do. Second, when a policy is effective in reducing
both production- and consumption-based emissions, there is no need for additional consumption-based
policies but existing policies targeting production-based emissions can be replaced or redesigned to
better address consumption-based emissions.
The effectiveness of the evaluated policies depends on the country investigated (in our case Austria)
and its economic and technological structure, characterised by the countries integration in international
trade and emission intensity of domestic production technology. Despite the general mechanisms
identified, the specific policy results of our evaluation need to be considered also under the given
assumptions, derived from case study data and expert interviews. Furthermore, model assumptions and
calibration determine to a certain extent the results. Relevant aspects therein are the degree of sector
disaggregation as well as central behavioural assumptions incorporated in consumption and production
decisions. Future empirical research on consumption-based policies should therefore expand not only
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the set of policies evaluated and the country focus, but investigate further into the relevance of
behavioural responses (as emphasized also by [78], [79]).
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Appendix

Regional and sectoral aggregates in the CGE and MRIO model

Table A-1: Sectoral aggregation from the GTAP database [50] for the CGE and MRIO model.
Model sectoral aggregate

Aggregated GTAP sectors (code and sector)

AVEG

Agriculture, vegetarian

PDR
V_F
PFB

Paddy rice
Vegetables, fruit, nuts
Plant-based fibers

WHT Wheat
OSD Oil seeds
OCR Crops nec

GRO Cereal grains nec
C_B Sugar cane, sugar beet
RMK Raw milk

AMEA

Agriculture, meat

CTL

Bovine cattle, sheep and
goats, horses

OAP Animal products nec

WOL Wool, silk-worm
cocoons

EXT

Extraction

FRS

Forestry

FSH

OMN Minerals nec

COA

Coal

COA

Coal

OIL

Oil

OIL

Oil

GAS

Gas

GAS

Gas

GDT Gas manufacture,
distribution

VEG

Vegetarian food products

VOL
B_T

Vegetable oils and fats
Beverages and tobacco
products

MIL Dairy products
OFD Food products nec

MEA

Meat food products

CMT

Bovine meat products

OMT Meat products nec

TEX

Textiles

TEX

Textiles

WAP Wearing apparel

WOOD

Wood products

LUM

Wood products

PPP

Paper products, publishing

PPP

Paper products, publishing

P_C

Petroleum, coal products

P_C

Petroleum, coal products

CRP

Chemical, plastic products

CRP

Chemical, rubber, plastic
products

NMM

Mineral products

NMM Mineral products nec

I_S

Iron and steel

I_S

Ferrous metals

MET

Metals, others

NFM

Metals nec

FMP

Metal products

MVE

Motor vehicles and parts

MVH

Motor vehicles and parts

OTN

Transport equipment nec

TEO

Machinery and equipment

OME

Machinery and equipment
nec

TEC

Electronic equipment

ELE

Electronic equipment

ELY

Electricity

ELY

Electricity

CNS

Construction

CNS

Construction

TRD

Trade

TRD

Trade

SERV

Services

CMN
OBS

Communication
Business services nec

OSG

Government services

OSG

Public Administration,
WTR Water
Defense, Education, Health

TRN

Transport

WTP

Water transport

Fishing

PCR
SGR

Processed rice
Sugar

LEA

Leather products

OMF Manufactures nec

OFI Financial services nec
ROS Recreational and other
services

OTP

Transport nec

ISR
Insurance
DWE Dwellings

ATP

Air transport
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Table A-2: Regional aggregation from the GTAP database [50] for the CGE and MRIO model.
Model
regional
aggregate

Austrian
import share
[% of GDP]

Aggregated GTAP regions (code and region)

Austria

AUT

Central
Europe

BEL
HUN
POL
BGR

-

Austria
CZE
LUX
SVK
ROU

Czech Republic
Luxembourg
Slovakia
Romania

DEU
NLD
CHE
FRA

Germany
Netherlands
Switzerland
France

Mediterranean CYP Cyprus
Europe
GRC Greece
ITA
Italy

MLT
PRT
SVN

Malta
Portugal
Slovenia

ESP
HRV

Spain
Croatia

Northern
Europe

Southeastern
and Rest of
Europe
China

Belgium
Hungary
Poland
Bulgaria

Share in
Austrian
CBE
44%*

31%

21%

6%

4%

DNK
EST
FIN
IRL

Denmark
Estonia
Finland
Ireland

LVA
LTU
SWE
GBR

Latvia
Lithuania
Sweden
United Kingdom

NOR Norway
XEF Rest of EFTA
XTW Rest of the World

3%

2%

ALB

Albania

TUR

Turkey

UKR

Ukraine

1%

2%

XER

Rest of Europe

BLR

Belarus

XEE

Rest of Eastern Europe

CHN

China

1%

7%

India

IND

India

0%

1%

Kazakhstan

KAZ

Kazakhstan

1%

3%

Russia

RUS

Russian Federation
Trinidad and
TTO Tobago
BEN Benin
BFA Burkina Faso
CMR Cameroon
CIV
Cote d'Ivoire
GHA Ghana
GIN Guinea
SEN Senegal
TGO Togo

0%

3%

Africa

XWF
XCF
ETH
KEN
MDG
MWI
MUS
MOZ
RWA

Rest of Western Africa
Central Africa
Ethiopia
Kenya
Madagascar
Malawi
Mauritius
Mozambique
Rwanda

TZA
UGA
ZMB
ZWE
XEC
BWA
NAM
XSC

Tanzania
Uganda
Zambia
Zimbabwe
Rest of Eastern Africa
Botswana
Namibia
Rest of South African CU

0%

4%

Emerging
Economies

IDN
MYS
PHL
THA
PAK

Indonesia
Malaysia
Philippines
Thailand
Pakistan

MEX
BRA
KGZ
XSU

Mexico
Brazil
Kyrgyzstan
Rest of Former Soviet

AZE
GEO
ZAF
ARM

Azerbaijan
Georgia
South Africa
Armenia

1%

2%

Latin America

ARG
BOL
CHL
COL
PRY
PER
URY

Argentina
Bolivia
Chile
Colombia
Paraguay
Peru
Uruguay

XSM
CRI
GTM
HND
NIC
PAN

Rest of South America
Costa Rica
Guatemala
Honduras
Nicaragua
Panama

SLV
XCA
DOM
JAM
PRI
XCB

El Salvador
Rest of Central America
Dominican Republic
Jamaica
Puerto Rico
Caribbean

0%

2%

North America CAN

Canada

USA

United States of America

XNA

Rest of North America

2%

1%

Oil/Gas
exporting
Countries

ECU
VEN
BHR
IRN
JOR
KWT

Ecuador
Venezuela
Bahrain
Iran
Jordan
Kuwait

OMA
QAT
SAU
ARE
XWS
EGY

Oman
Qatar
Saudi Arabia
United Arab Emirates
Rest of Western Asia
Egypt

MAR
TUN
XNF
NGA
XAC

Morocco
Tunisia
Rest of North Africa
Nigeria
South Central Africa

1%

2%

Rest of South
& South East
Asia

XOC
MNG
XEA
BRN

Rest of Oceania
Mongolia
Rest of East Asia
Brunei Darussalam

KHM
LAO
VNM
XSE

Cambodia
Lao PDR
Viet Nam
Rest of Southeast Asia

BGD
NPL
LKA
XSA

Bangladesh
Nepal
Sri Lanka
Rest of South Asia

0%

1%

Singapore
Israel

1%

0%

Rest of
industrialized
countries

HKG Hong Kong
NZL New Zealand
SGP
TWN Taiwan
JPN Japan
ISA
AUS Australia
KOR Korea Republic of
* including household direct emissions and emissions allocated to global transport
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Technical description of the model
Following the model description in section 2, we expand in this appendix on the technical details of
the CGE and MRIO model.
In the CGE model, production in each of the economic sectors (given in Table A-1), as well as
demand of households, government and investment are represented by nested CES-functions. These
functions determine the substitution possibilities between each intermediate input and primary factors
(capital, labour and natural resources) in the sectoral production process and between goods and services
for final demand. The CES-functions can be illustrated by ‘nesting trees’ and sector specific parameters
of substitution elasticities in each nesting level. For sectoral production we distinguish between sectors
without inputs of natural resources and with inputs of natural resources. Natural resource using sectors
are further differentiated into sectors of Coal, Oil and Gas production (Figure A-1) as well as the Other
Extraction sector (Figure A-2). Sectors with no natural resource input are given in Figure A-3, Figure
A-4 for Petroleum and coal products, as well as in Figure A-5 for the sectors of Chemical, plastic
products, Mineral products, as well as Iron and steel. In the latter sectors we include industrial process
emission by nesting CO2 emissions on the top level with a zero elasticity of substitution. Household
final demand is represented by the nesting structure shown in Figure A-6, while government and
investment demand aggregate sectoral inputs on one level with a unitary elasticity of substitution.

Figure A-1: Nesting structure of resource using fossil fuel sectors without process emissions in
production in the CGE model
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Figure A-2: Nesting structure of resource using Other Extraction sector without process
emissions in production in the CGE model

AVEG/AMEA/VEG/MEA/TEX/
WOOD/PPP/MET/MVE/TEO/TEC/
ELY/CNS/TRD/SERV/OSG/TRN

Figure A-3: Nesting structure of non-resource using sectors without process emissions in
production in the CGE model
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Figure A-4: Nesting structure of Petroleum and coal sector without process emissions in
production in the CGE model

Figure A-5: Nesting structure of non-resource using sectors with combustion and process
emissions in production in the CGE model
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0

0

0
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OIL/CO 2

CO 2

DCOA

CO 2

DTRN
DP_C

CO 2

Figure A-6: Nesting structure of the private household demand in the CGE model

Consumption-based emissions are estimated by means of environmentally extended Multi-Regional
Input-Output (MRIO) models in order to allocate upstream emission responsibilities respectively to a
particular country. The exogenous variable employed in assigning emissions released along the
production chain is final demand and the model specification for CBA is the following:
̂−1 (𝑰 − 𝒁𝒙
̂−1 )−1 𝒚
̂
𝑒∗ = 𝒆 𝒙
Where:
𝑒 ∗: vector of emissions re-allocated on the basis of consumption-based accounting, containing
information on the global emissions induced by sectoral final demand (see Eq. 2) of each country.
𝑒: vector of sectoral emissions allocated according to a production-based principle across countries
𝑥̂: diagonalized vector of sectoral outputs across nations.
𝐼: identity matrix.
𝑍: matrix of intermediate inputs within and among regions.
𝑦̂: diagonalized vector of sectoral final demands across countries.
Economic data (𝑥, 𝑍, 𝑦) and production-based emissions (𝑒) in the sectoral and regional aggregation are
calculated for the benchmark and policy simulations in the CGE model. Therein, sectoral imports of a
region are simulated on an economy wide aggregate. Sector to sector imports are thus disaggregated in
the each of the policy simulations proportionally to benchmark shares. The (changes in) Austrian
consumption-based emissions can be decomposed into regional and sectoral sources by using a
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̂𝒓 −1 , with Austria as region r, instead
diagonalized vector of Austrian sectoral emission intensities 𝒆𝑟̂
𝒙
of a matrix of sectoral emission intensities of all regions 𝒆 ̂
𝒙−1 in the above specification. Further details
on the above specifications see, for example, Miller and Blair [55] and Munoz and Steininger [38].

Technical implementation of the Austrian climate policies
#1 Vacancies: Based on an evaluation of the amount of vacant dwellings in Vienna (Magistrat Wien,
2016) and population data of all Austrian provincial capitals [80], a reduction for investment need for
new dwelling construction of -10% (representing 1.000 new dwellings) is estimated for Austria by this
policy. At the same time, an increase demand for construction activities for possible renovation of
vacant dwellings is assumed to offset one quarter of the reductions. The calculation of the reduced
investment demand for the Construction sector is given in Table A-3. It is further assumed for an
enforcement of the policy, that with the reporting obligation also penalty payments for long term vacant
dwellings are collected. These penalties in the amount of 45 Mio $/year for an estimated share of 10%
non-compliance are payed from the Services sector (SERV) as an output tax to the government.
Table A-3: #1 Vacancies policy implementation: Reduction of investment demand for
Construction sector (CNS).
Reduction new dwelling construction
Additional renovation construction
Reduction in building construction
Share of building construction in Construction sector (CNS)
Reduction for Construction sector (CNS)

-10.0%
+2.5%
-7.5%
18.3%
-1.4%

#2 Carbon-added tax: This tax is implemented as average tax, distinguishing carbon intensive and
non-carbon intensive inputs in the Construction sector (CNS). Table A-4 lists the sectoral consumptionbased emission intensities. Sectors with intensities above 500 tons CO2/Mio $ Output are taxed with
additional 5% on their output (indicated by *), in reference to de Bruyn et al. [61].
#3 Environmentally preferable purchasing programmes: We implement this policy as %-change of
inputs in Government service sector (OSG) as this sector includes hospitals and health institutions.
These changes include reductions for fuels, electricity, paper and water demand, based on EMAS data
for voluntarily registered hospitals [65]–[73] as well as increases for capital and labour (see Table A5). We apply %-changes of inputs on 50% of the Government service sector, accounting for the share
of hospitals and health institutions in this sector. Furthermore, we include a 25% reduction, as we
assume only three quarters of the hospitals and health institutions to implement the policy.
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Table A-4: #2 Carbon-added tax policy implementation: Consumption-based emission
intensities of Austrian final demand. On sectors with emission intensities above 500 tons CO2/Mio
$ Output is imposed an additional 5% tax.

Sector

Consumption-based
emission intensity
[tons CO2/Mio $ Output]

Sector

Consumption-based
emission intensity
[tons CO2/Mio $ Output]

AVEG

1539 *

NMM

1137 *

AMEA

1574 *

I_S

1040 *

EXT

208

MET

289

COA

300

MVE

398

OIL

293

TEO

246

GAS

1005 *

TEC

762 *

VEG

524 *

ELY

244

MEA

305

CNS

267

TEX

248

TRD

247

WOOD

245

SERV

252

PPP

799 *

OSG

100

P_C

366

TRN

95

CRP

867 *

Table A-5: #3 Environmentally preferable purchasing programmes: Input changes in the
Austrian Government service sector (OSG) for the share the share of addressed hospitals and
health institutions.
Category

Input

%-change

COA

-23.3%

OIL

-23.3%

GAS

-23.3%

P_C

-23.3%

ELY

-3.52%

PPP

-22.3%

OSG

-0.1%

Capital

+0.2%

Skilled labour

+0.1%

Fuels

Electricity
Paper
Water
Capital and labour

#4 Mobility plans: Investment costs for mobility plans include financial support for bicycles and Ecars (MVE sector), investment in infrastructure (CNS sector and capital) as well as administrative costs
(skilled labour). This induces a reduction in annual passenger kilometres by car and increase in public
transport expenditures (switch to car pooling / car sharing or to existing bikes is not directly connected
to monetary flows in the model and therefore not explicitly modelled). Investment data and reductions
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in passenger kilometres are extracted from case study data [63]. The necessary investment costs are
distributed according to employment numbers of firms with more than 50 employees [74] allocated in
each sector. Household spending for motorised private transport is allocated to the sectors MVE, TRD,
SERV, TRN and P_C based on Austrian expenditure data [54]. These spending overall decreases by
0.5%, induced by the policy, while public transport demand (TRN sector) is assumed to increase by one
quarter of this spending.
#5 Cargo bikes: Based on expert interviews, we infer the transportation of (additional) 2% of cargo
volume by cargo bikes, represented by a change in input structure of the transport sector (Table A-6).
This is implemented by a reduction of fuels (P_C), transport vehicles (MVE) and service demand
(SERV), and an increase in electricity demand (ELY) for charging of batteries and higher unskilled
labour demand (Labour). Vehicle cost data is based on an Austrian and international study [75], [76].
We further consider 50% of the aggregated transport sector to account for Austrian logistic activities
and the rest for passenger transport (and international transport activities) [81].

Table A-6: #5 Cargo bikes: Input changes in the Austrian Transport sector (TRN) for the
transport volume by cargo bikes.
Category

Input

%-change

P_C

-100%

MVE

-67%

SERV

-87%

ELY

+10%

Fuels
Transport vehicles
Insurance
Electricity
Unskilled Labour
Labour

+224%

32

Economic output effects from the Austrian climate policies

Table A-7: Change in sectoral output quantities, relative to Benchmark in %..
Building construction
Economic sector

#1 Vacancies

#2 CAT

Public Health
#3 Env. purch.
prog

Mobility
#4 Mobility
plans

#5 Cargo
bikes

Agriculture, vegetarian

0.14%

-0.09%

0.00%

0.01%

-0.17%

Agriculture, meat

0.22%

-0.07%

0.00%

-0.01%

-0.18%

Extraction

0.00%

0.00%

0.00%

0.00%

0.00%

Coal

0.04%

-0.11%

-0.09%

-0.05%

-0.28%

Oil

0.02%

-0.05%

-0.07%

-0.11%

-0.58%

Gas

0.05%

-0.12%

-0.18%

-0.01%

-0.06%

Vegetarian food products

0.10%

-0.06%

-0.01%

-0.01%

-0.08%

Meat food products

0.12%

-0.06%

0.00%

-0.01%

-0.15%

Textiles

0.10%

-0.06%

-0.01%

0.00%

-0.06%

Wood products

0.07%

0.02%

-0.01%

-0.02%

-0.04%

Paper products, publishing

0.14%

-0.15%

-0.12%

-0.01%

-0.05%

Petroleum, coal products

0.02%

-0.05%

-0.07%

-0.11%

-0.58%

Chemical, plastic products

0.17%

-0.21%

-0.02%

-0.02%

-0.09%

-0.24%

-2.06%

-0.01%

-0.03%

-0.06%

Iron and steel

0.15%

-0.32%

-0.02%

-0.04%

-0.09%

Metals, others

0.17%

-0.04%

-0.02%

-0.05%

-0.09%

Motor vehicles and parts

0.21%

-0.07%

-0.02%

-0.10%

-0.04%

Machinery and equipment

0.29%

-0.08%

-0.02%

-0.03%

-0.10%

Electronic equipment

0.34%

-0.15%

-0.02%

-0.16%

-0.11%

Mineral products

Electricity

0.10%

-0.11%

-0.13%

0.01%

-0.07%

-1.06%

-0.21%

0.00%

0.01%

-0.02%

Trade

0.03%

-0.02%

0.00%

-0.12%

-0.04%

Services

0.16%

-0.06%

-0.01%

-0.02%

-0.04%

Government services

0.02%

0.00%

0.01%

0.01%

-0.04%

Transport

0.05%

-0.06%

-0.01%

0.02%

-0.17%

Investment

0.00%

0.00%

0.00%

0.00%

0.00%

0.01%

-0.09%

-0.01%

-0.02%

-0.07%

Construction

Grand Total
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