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Sehr geehrte Damen und Herren, 
 
Wir begrüßen den aktualisierten Na�onalen Energie- und Klimaplan (NEKP) Österreichs, der das Ziel 
verfolgt, die Treibhausgasemissionen bis 2030 um 48% zu reduzieren (im Vergleich zu denen im Jahr 
2005). Der NEKP ist von besonderem Interesse in unserem laufenden Forschungsprojekt "Ein Klimaplan 
für Österreich", das von der B&C Privats��ung finanziert und von der Ini�a�ve eXplore! unterstützt wird. 
Ziel dieses Projektes ist es, die österreichische Klimapoli�k unabhängig zu erforschen und mit Hilfe 
modernster sta�s�scher Methoden evidenzbasierte, datengestützte Poli�kempfehlungen zu geben. 
 
Unsere erste Studie im Rahmen dieses Projekts ist eine Masterarbeit mit dem Titel "Have climate policies 
been effec�ve in Austria? A reverse causal analysis", die im August 2023 als Working Paper der 
Wirtscha�suniversität Wien veröffentlicht wurde. In dieser Arbeit verwenden wir Methoden des 
maschinellen Lernens, um signifikante Rückgänge der Treibhausgasemissionen in allen Sektoren in 
Österreich zu iden�fizieren und diese auf relevante poli�sche Maßnahmen zurückzuführen. Die Tabelle 
unten zeigt die Sektoren, in denen wir eine sta�s�sch robuste Reduk�on der Emissionen festgestellt 
haben, und die dazugehörigen poli�schen Maßnahmen, die sie wahrscheinlich verursacht haben. Unser 
Ansatz verwendet dieselbe Methodik, die Koch et al. (2022) auf den Verkehrssektor angewandt haben 
und auf die im Entwurf des NEKP auf Seite 30 (Fußnote 23) verwiesen wird. 
 
Dieser sta�s�sche Ansatz dient als evidenzbasierte Methode zur Bewertung poli�scher Maßnahmen, und 
wir hoffen, dass die Zusammenfassung, welche na�onalen klimapoli�schen Maßnahmen zu signifikanten 
Treibhausgasemissionen geführt haben (und welche nicht), bei der Unterstützung des NEKP hilfreich sein 
kann. Den Link zum (ebenfalls beigefügten) Working Paper finden Sie hier: 
h�ps://research.wu.ac.at/en/publica�ons/have-climate-policies-been-effec�ve-in-austria-a-reverse-
causal-. 
 
Für Fragen und weitere Auskün�e stehen wir Ihnen gerne zur Verfügung. 
 
Mit freundlichen Grüßen, 
Jesus Crespo Cuaresma und Talis Tebecis 
 
 

https://research.wu.ac.at/en/publications/have-climate-policies-been-effective-in-austria-a-reverse-causal-
https://research.wu.ac.at/en/publications/have-climate-policies-been-effective-in-austria-a-reverse-causal-


Table: significant reduc�ons in CO2 emissions and corresponding policies (1995-2021) 
Adapted from “Table 6: Policy a�ribu�on to nega�ve structural breaks” (page 15) 

Sector with 
significant CO2 

reduc�on 

Year of 
significant 

CO2 reduc�on 
Corresponding policy 

Policy 
year 

Policy type Policy descrip�on 

Incinera�on of 
waste 

2009 
Ökostromverordnung 
2009 

2009 Subsidy 

Feed-in tariffs for renewable 
electricity, including landfill 
gas, biomass and biogas, 
diver�ng waste from landfill. 

Lime 
produc�on 

2006 
Emission Trading 
System 

2005 
Cap & 
trade 

Emission Trading System 
implemented in 2005, which 
affected the iron, steel and 
other mineral industries. 

Petroleum 
refining 

2015 

Residen�al building, 
energy and 
environmental 
subsidies 

2014 Subsidy 
Subsidies aimed at reducing 
natural gas consump�on by 
residen�al actors. 

Water-borne 
naviga�on 

2006-2007 
klima:ak�v 
programme 
Renewable Energy 

2005 Strategy 

Climate strategy including 
provisions for biogas and 
biomethane for transport 
use. 

 

Sectors in which no significant CO2 reduc�on events were detected in the period 1995-2021: 

• Cement produc�on 
• Chemical Industry 
• Civil Avia�on 
• Fuels and Solvent Use 
• Glass Produc�on 
• Liming 
• Main Ac�vity Electricity and Heat Produc�on 
• Manufacturing Industries and Construc�on 
• Metal Industry 
 

• Non-Energy Products from 
• Oil and Natural Gas 
• Other Process Uses of Carbonates 
• Other Transporta�on 
• Railways 
• Residen�al and other sectors 
• Road Transporta�on no re- suspension 
• Solid Fuels 
• Urea applica�on 
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Abstract

Around the world, countries are becoming more ambitious in their emission
reduction pledges. Developing policies to actually meet these targets requires
carefully evaluating which policies have been most effective at reducing emis-
sions to date. We use reverse causal policy evaluation to answer this question,
asking, “Which climate policies have reduced CO2 emissions the most in Aus-
tria since 1995?” This novel approach allows us to identify negative structural
breaks, i.e. large reductions in emissions that are not accounted for by the main
determinants of CO2 emissions (population and economic growth), and attribute
these breaks to relevant policies. We find statistically significant breaks in only
four out of 21 sectors, altogether representing a reduction of less than 2.5% of
Austria’s total CO2 emissions beyond what would have been expected, given
its socio-economic development, which is significantly shy of the country’s 48%
emission reduction target.

Keywords: CO2 emissions, climate policy, reverse causal analysis, Austria,
structural breaks
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1 Introduction

The European Union’s (EU’s) target of becoming climate neutral by 2050 requires
significant reductions in greenhouse gas emissions, but the most effective path to re-
ducing these emissions is debated. Austria is required by EU law to reduce emissions
by 48% by 2030, compared to 2005 levels, under the EU Effort Sharing Regulation
(ESR). In support of this, the country has implemented a range of targets surrounding
carbon neutrality, renewable energy use and investment in climate research and inno-
vation (Bundesministerium für Klimaschutz, Umwelt, Energie, Mobilität, Innovation
und Technologie 2023). While somewhat ambitious, Austria’s climate policies have
been largely criticised for their ineffectiveness (Niedertscheider, Haas, and Görg 2018;
Winkler and Winiwarter 2016; Schaffrin, Sewerin, and Seubert 2014; Kettner and
Kletzan-Slamanig 2018; Steurer and Clar 2015; Steurer, Clar, and Casado-Asensio
2020), and it is expected that the country will not reach its targets, given its current
trajectory (The European Commission 2020; Winkler and Winiwarter 2016). Further,
the National Energy and Climate Plan (NECP) for Austria outlines that the cur-
rent and planned policies (denoted as “with existing measures” and “with additional
measures”) will not be sufficient to meet this emission reduction target (Bundesmin-
isterium für Klimaschutz, Umwelt, Energie, Mobilität, Innovation und Technologie
2023).

These criticisms have been largely derived using traditional approaches to
policy evaluation: identifying a policy and determining its effect on emissions, having
controlled for relevant factors. Such approaches are often based on economic theory
alone, rather than being grounded in empirical evidence. While these traditional ap-
proaches are powerful, they require the exogenous selection of specific policies, which
risks overlooking policies or policy mixes that may have been effective, but have not
received due attention in the literature.

In this study, we complement the existing literature around Austria’s cli-
mate policies by using the more holistic, reverse causal approach to policy evaluation.
Rather than selecting a policy and determining its effect, the reverse causal approach
first identifies significant effects, then attributes these effects to relevant causes. In the
context of Austrian climate policy, this means looking for large significant reductions
in emissions, then attributing these to relevant policies. Intuitively, this is like asking
the question, “What reduced emissions the most?” rather than asking, “How much
did a given policy reduce emissions?” We examine CO2 emissions in all Austrian
sectors, from 1995-2021.

We apply a reverse causal statistical method based on machine learning
(Koch et al. 2022; Pretis 2022) to identify significant reductions in Austrian CO2

emissions, which are not explained by changes in population size and GDP, and rel-
ative to a control group of EU countries with comparable regulatory environments.
Such significant reductions are identified as structural breaks, which are more gen-
erally defined as breaks in the relationship between variables (Castle, Clements, and
David F Hendry 2016). Population and GDP are used as control variables as they are
the two key determinants of CO2 emissions (Hamilton and Turton 2002), replicating
the approach of Koch et al. (2022). We then attribute these structural breaks to rel-
evant policies occurring in the 95% confidence interval around the year of the break.
The reverse causal approach is agnostic compared to traditional policy evaluation, as
it does not require the prior selection of specific policies to evaluate.

Our analysis confirms the findings from previous literature that climate poli-
cies in Austria have been largely ineffective since 1995. Across 21 sectors, we iden-
tify five structural breaks in CO2 emissions across four sectors - petroleum refining,
waste incineration, lime production, and water-borne navigation. These four sectors
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together make up less than 9% of total annual emissions in Austria, and the identified
breaks together represent a reduction in emissions of less than 2.5% of Austria’s total
emissions, based on 2005 levels. Further, in the remaining 17 sectors, which account
for over 90% of Austria’s total emissions, no structural breaks are identified. In other
words, our results provide no evidence of significant reductions in emissions in the ma-
jority of sectors, beyond what would have been expected, given the socio-economic
development.

Next, we link significant structural breaks to relevant policies, which include
subsidy schemes, a climate strategy and an emissions trading system, but the causal
attribution of these policies to the reductions are tenuous, due to the idiosyncrasies
of these sectors. Namely, four of the identified breaks are in categories with very low
baseline emissions (waste incineration, lime production, and water-borne navigation),
so structural breaks represent materially-minor emissions reductions. The remaining
break is identified in a sector (petroleum refining) for which emissions are entirely
determined by the operations of one petroleum refining facility in Austria, for which
production was highly influenced by European market conditions at the time of the
negative break, rather than by policy changes (OMV 2015). Overall, our research
shows that climate policy in Austria since 1995 has resulted in materially small re-
ductions in national CO2 emissions.

The rest of the paper is structured as follows. Section 2 outlines the insti-
tutional and historical context of climate policies in Austria and the nature of CO2

emissions in Austria. Section 3 outlines the methodology of the reverse causal ap-
proach, identifying structural breaks and policy attribution. The results are detailed
in section 4. We conclude in Section 5 by highlighting policy implications, potential
limitations of our approach and future areas for research.

2 Emissions and climate policy in Austria

2.1 Austrian climate policy

EU member nations are required to submit National Energy and Climate Plans
(NECPs), outlining their 10-year strategic plan to contribute to the EU’s climate
target, which includes emission reduction policies. Austria initially submitted their
NECP in December 2019, and the following year, the European Commission’s assess-
ment of the plan highlighted that Austria was unlikely to meet its emission reduction
obligations, according to the EU Effort Sharing Regulation (ESR) (The European
Commission 2020). The measures outlined in the NECP were expected to result in
a 27% reduction in emissions by 2030, compared to 2005 levels, which was nine per-
centage points short of the 36% target outlined in the plan at the time. The emission
reduction target has since been revised to 48%, and the projections in the updated
NECP based on updated policies still fall short of the ambitious target (Bundesmin-
isterium für Klimaschutz, Umwelt, Energie, Mobilität, Innovation und Technologie
2023). Despite this target and Austria’s non-binding ambition of becoming climate
neutral by 2040, Austria’s emissions reductions have been slower than the EU av-
erage (European Parliament 2021). Current projections predict that emissions will
remain relatively constant in Austria (Bundesministerium für Klimaschutz, Umwelt,
Energie, Mobilität, Innovation und Technologie 2023), highlighting the need for pol-
icy intervention if the country is to meet its climate goals. Designing effective climate
policy into the future requires evaluating the effectiveness of policies that have been
implemented to date.

Much research has explored the effectiveness of climate policy in Austria,
overwhelmingly concluding that policies have been ineffectual compared to the reduc-
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tions needed to meet Austria’s climate goals (Niedertscheider, Haas, and Görg 2018;
Winkler and Winiwarter 2016; Schaffrin, Sewerin, and Seubert 2014; Kettner and
Kletzan-Slamanig 2018; Steurer and Clar 2015; Steurer, Clar, and Casado-Asensio
2020). Austria’s approach to climate policy has primarily relied on regulatory and fi-
nancial instruments (Schaffrin, Sewerin, and Seubert 2014), and since 1990, the coun-
try has implemented a climate protection act in 2013 (with binding targets towards
2020), two climate strategies, an adaptation strategy, and many new institutions,
programs and climate change mitigation measures at the local and regional levels
(Niedertscheider, Haas, and Görg 2018). Emissions themselves peaked in 2005 and
have generally fallen since, but evidence suggests that this is primarily due to short-
term drivers of emissions and structural changes in the economy rather than effective
policy (Niedertscheider, Haas, and Görg 2018; Winkler and Winiwarter 2016; Schaf-
frin, Sewerin, and Seubert 2014; Kettner and Kletzan-Slamanig 2018; Steurer and Clar
2015; Steurer, Clar, and Casado-Asensio 2020). The reasons for the failure of Aus-
trian climate policy include inconsistency across policies and low commitment levels
(Niedertscheider, Haas, and Görg 2018), weakened climate policy in favour of other
objectives, such as competitiveness or employment (Kettner and Kletzan-Slamanig
2018), and Austria’s federalist political system (Steurer and Clar 2015; Steurer, Clar,
and Casado-Asensio 2020). The latter explains why, even in the presence of ambitious
federal and EU-level targets, policy has been watered-down at the provincial level
in order to find lowest-common-denominator solutions. Criticisms of Austria’s pol-
icy range from the balanced view that, “[Austria is] neither an environmental policy
leader nor a laggard, but an opportunist,” (Steurer and Clar 2015), to more critical
remarks, such as, “Austria tends towards symbolic policy innovations without ‘real
teeth’” (Schaffrin, Sewerin, and Seubert 2014).

While the literature has been critical of Austria’s climate policy, it confirms
that policy itself is a key factor in reducing emissions across Austrian sectors. Emission
forecasts under different scenarios indicate that significant reductions are possible,
and that they require significant government intervention to meet climate targets
(Winkler and Winiwarter 2016). Policies targeting sector-level emissions are necessary,
as has been explored with regard to the Austrian building and construction (Steurer,
Clar, and Casado-Asensio 2020), land and water use (Schönhart et al. 2018), tourism
(Gössling and Lund-Durlacher 2021) and energy sectors (Schmidt et al. 2011).

2.2 Carbon dioxide (CO2) emissions in Austria

In determining which emissions reduction policies are most effective, it is useful to first
understand the nature of emissions in Austria. In this paper, we focus on CO2 emis-
sions from fossil fuels, as they make up the largest share of greenhouse gas emissions,
and they have contributed most to global greenhouse gas emissions growth (IPCC
2022). The Intergovernmental Panel on Climate Change (IPCC) outlines stringent
guidelines on the reporting of CO2 emissions, and they provide a framework for dis-
aggregating emissions into categories based on sectors (Eggleston et al. 2006). Table 1
outlines the 21 relevant IPCC sectors for Austria, aggregated at three different levels.
Level 1 is the highest level of aggregation, whereby CO2 emissions are split into only
four categories, while level 3 includes all 21 categories.

To achieve climate neutrality, it is necessary to target sectors for which
emissions are highest. In 2021, total emissions for Austria were driven primarily by
road transportation (33% of CO2 emissions), electricity and heat production (19%),
manufacturing and construction (16%), and residential uses (12%) (IEA-EDGAR CO2
2022). Figure 1 provides a breakdown of total annual emissions for all 21 categories in
2021. The four aforementioned IPCC categories collectively make up more than 80%
of annual emissions. Aggregated to level 1, energy makes up over 90% of emissions,
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Table 1: IPCC sectors aggregated at three levels

Level 1 Level 2 Level 3

Agriculture, Forestry, and
Other Land Use

Aggregate sources and non-CO2
emissions sources on land

Liming

Agriculture, Forestry, and
Other Land Use

Aggregate sources and non-CO2
emissions sources on land

Urea application

Industrial Processes and
Product Use

Mineral Industry Glass Production

Industrial Processes and
Product Use

Mineral Industry Other Process Uses of Car-
bonates

Industrial Processes and
Product Use

Mineral Industry Lime production

Industrial Processes and
Product Use

Mineral Industry Cement production

Industrial Processes and
Product Use

Non-Energy Products from Fuels
and Solvent Use

Non-Energy Products from
Fuels and Solvent Use

Industrial Processes and
Product Use

Chemical Industry Chemical Industry

Industrial Processes and
Product Use

Metal Industry Metal Industry

Energy Fuel Combustion Activities Main Activity Electricity and
Heat Production

Energy Fuel Combustion Activities Manufacturing Industries and
Construction

Energy Fuel Combustion Activities Residential and other sectors

Energy Fugitive emissions from fuels Solid Fuels

Energy Fuel Combustion Activities Civil Aviation

Energy Fuel Combustion Activities Road Transportation no re-
suspension

Energy Fuel Combustion Activities Water-borne Navigation

Energy Fuel Combustion Activities Other Transportation

Energy Fugitive emissions from fuels Oil and Natural Gas

Energy Fuel Combustion Activities Petroleum Refining - Man-
ufacture of Solid Fuels and
Other Energy Industries

Energy Fuel Combustion Activities Railways

Waste Incineration and Open Burning of
Waste

Incineration and Open Burn-
ing of Waste
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Incineration of Waste

Water−borne Navigation

Urea application

Civil Aviation

Glass Production

Railways

Oil and Natural Gas

Liming

Other Process Uses of Carbonates

Solid Fuels

Other Transportation

Lime production

Metal Industry

Non−Energy Fuels

Chemical Industry

Cement production

Petroleum Refining

Residential and other sectors

Manufacturing and Construction

Electricity and Heat Production

Road Transportation
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Figure 1: Breakdown of total CO2 emissions by IPCC emissions category in Aus-
tria, 2021. Emissions are in kilotonnes of carbon dioxide.

and 9.6% comes from emissions of industrial processes and product use (IPPU). This
means that waste, agriculture, forestry and other land use emissions account for less
than one percent of the total CO2 emissions in Austria.

On top of aggregate levels of emissions, it is important for policy makers to
consider differences in the dynamics of CO2 emissions over time. Figures 2, 3 and 4
display the time series of CO2 emissions for Austria from 1995-2021, aggregated at
levels 1, 2 and 3, respectively. Considering level 1 categories, we observe markedly
different dynamics between sectors, with agricultural emissions trending upwards, en-
ergy emissions peaking sharply in 2005 and declining afterwards, industrial emissions
appearing to have dropped to a new steady-state around 1990, and emissions from
waste showing two significant drops around 1990 and 2008. It is important to note the
difference in scale between categories in the figure, being mindful of the large differ-
ences in absolute emissions, as outlined above. The differences in temporal dynamics
of sectors highlights the need to evaluate climate policies on the sector level, as we
implement in our approach.

3 Methods

3.1 Which policies have reduced emissions the most?

Systematically evaluating all of Austria’s climate policies presents significant chal-
lenges and requires thinking about policy evaluation in a new way, compared to tra-
ditional approaches. Traditional policy evaluation involves selecting a specific policy
and determining if it had a significant effect, having controlled for relevant factors.
Various methods have been developed using this approach to assess climate policy,
largely based on difference-in-difference estimation and matching methods (Lin and
Li 2011; Klemetsen, Rosendahl, and Jakobsen 2020; Colmer et al. 2022). With such
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Figure 2: Emissions for IPCC emissions (level 1). CO2 emissions in kilograms are
shown for the period 1995 to 2021.
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Figure 3: Emissions for IPCC emissions (level 2). CO2 emissions in kilograms are
shown for the period 1995 to 2021.
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Figure 4: Emissions for IPCC emissions (level 3). CO2 emissions in kilograms are
shown for the period 1995 to 2021.

methods, answering the question, “Which policies have reduced emissions the most?”
would require the researcher to have knowledge of all policies in all sectors, and they
would need to test the effect of each of these policies, individually. Not only would
this be highly intensive, but it risks overlooking policies and fails to account for the
effect of policy mixes if one only evaluates policies on an individual basis (Koch et al.
2022). Thus, to answer this question, it would be useful to take an approach that does
not require individually evaluating all known policies.

In this paper, we use an alternative approach based on reverse causal reason-
ing, which searches for “causes of effects,” rather than for “effects of causes” (Gelman
and Imbens 2013). Simply, we ask the question, “What reduced emissions the most?”
rather than, “How much did policy X reduce emissions by?” Reverse causal analysis
involves identifying significant reductions in emissions, having controlled for relevant
factors, then reverse-attributing these reductions to a policy or policy mix. Koch et
al. (2022) pioneer this approach in evaluating emission reduction policies, specifically
for road transport CO2 emissions in the EU. They then attribute these significant
emission reduction events to relevant policies.

We employ the approach of Koch et al. (2022) to find which CO2 emis-
sion reduction policies have been most effective in Austria between 1995 and 2021.
We implement a general-to-specific (GETS) variable selection method (Krolzig and
David F. Hendry 2001) to identify statistically significant structural breaks in emis-
sions, using other EU countries as a control group. EU member nations are suitable
controls as the bloc has EU-wide technological standards and harmonised regulatory
frameworks, while still allowing for individual countries to implement their own cli-
mate policies. Alternative approaches to variable selection could be employed, such
as LASSO based shrinkage methods (Tibshirani 1996), or Bayesian approaches to
variable selection (O’Hara and Sillanpää 2009).
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3.2 Data

The data for CO2 emissions come from the IEA-EDGAR CO2 database, a component
of the EDGAR (Emissions Database for Global Atmospheric Research) Community
GHG database, version 7.0 (IEA-EDGAR CO2 2022). We use only CO2 emissions
from fossil fuel sources. The data for GDP and population are taken from the World
Bank database (The World Bank 2022a; The World Bank 2022b). The dependent
variable in our empirical model specification is the natural logarithm of CO2 emissions.
The natural logarithm of GDP, its square, and the natural logarithm of the population
level are used as control variables.

We use two separate samples of EU countries to test the robustness of
identified structural breaks. The first is the EU15 countries (Austria, Belgium, Ger-
many, Denmark, Spain, Finland, France, United Kingdom, Ireland, Italy, Luxem-
bourg, Netherlands, Greece, Portugal and Sweden). These countries are subject to
similar regulations, specifically because they were part of the European Single Mar-
ket during most of the sample period of 1995-2021. The second sample includes a
broader sample of countries, including the EU27 countries (EU15, Croatia, Bulgaria,
Cyprus, Czechia, Estonia, Hungary, Lithuania, Latvia, Malta, Poland, Romania, Slo-
vakia, Slovenia), and the European Free Trade Association (EFTA) states (Iceland,
Liechtenstein, Norway and Switzerland). This sample is referred to as EU31.

3.3 Empirical approach

We estimate a panel model using two-way fixed effects (TWFE), and using a general-
to-specific (GETS) variable selection approach to identify significant structural breaks
in Austrian CO2 emissions, across all 21 IPCC sectors from 1995-2021. We repeat the
modelling at aggregation levels 1, 2 and 3 of the sectors, as detailed in Table 1.
Generally, the GETS model places no restriction on the number of variables one can
include in a general model, and uses a block search machine learning algorithm to
keep only the statistically significant variables, given a target level of significance.
This allows us to include every possible treatment effect (every country-year pair),
for a given emissions category. The algorithm then removes insignificant variables, or
country-year pairs that do not represent a significant structural break in emissions,
resulting in a specific model that includes only the statistically significant breaks. A
detailed explanation of this approach is outlined in Pretis and Schwarz (2022).

This approach becomes clearer when considering our specific model. We
model the natural logarithm of CO2 emissions for a given sector as a function of
control variables log(GDP ), log(GDP )2 and log(Population), we include country and
year fixed effects, and a saturated set of possible treatment effects. We re-estimate
this model individually for all sectors, aggregated at levels 1, 2 and 3, and for both
samples: EU15 and EU31. Treatments effects for a given emissions category enter the
model as indicators: interaction terms of country and year fixed effects. This allows
for any country-year combination to be considered as a potential structural break.
For example, in modelling road transportation CO2 emissions, an indicator which
interacts Austria and 2010 will display as a 1 for all observations for Austria from
2010 onward, and 0 otherwise. The coefficient on this indicator can be interpreted
as a heterogeneous treatment effect, revealing a step-change in road transportation
CO2 emissions from 2010 onward, as compared to other countries in the sample. The
interpretation of the coefficient is similar to that of a difference-in-difference estimator.

In a standard difference-in-difference estimation, the researcher would in-
clude an indicator for a specific, known treatment, such as a policy implemented in
a given year. Here, rather than using a known treatment effect, we include all poten-
tial treatment effects as indicator variables, and significant ones can be interpreted
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as a treatment for a particular country in a given sector. Insignificant indicators are
omitted from the final specific model. While this may be intuitive, implementing
such a method is problematic as the saturated model contains more variables than
observations. With the EU15 sample and 26 time periods, we would have 390 indi-
cators (or potential treatment effects). The country-year indicator variables that are
insignificant are removed from the model, allowing us to move from the general to the
specific model containing only significant indicator variables. A significant indicator,
or structural break, represents a large, statistically significant step change in country-
specific CO2 emissions for that emissions category, relative to the control group and
conditional on GDP and population.

Using a balanced panel with N countries and T time periods, the resulting
general model for a given emissions category includes N(T −1) potential breaks, with
corresponding coefficients τj,s on the indicator variables as shown below,

log(CO2)i,t = αi + φt +

N∑

j=1

T∑

s=2

τj,s1{i=j,t≥s} + x′
i,tβ + εi,t (1)

where αi and φt denote the country and time fixed effects, x′
i,t is a vector of con-

trol variables, including log(GDP ), log(GDP )2 and log(Population), with the corre-
sponding vector of coefficients, β, and an error term, εi,t. The coefficients, τj,s, on the
indicator variables, 1{i=j,t≥s}, are 0 for all but the treated country, and for all time
periods before that of the relevant break. τj,s represents the coefficients on the full
set of step functions, which is reduced to only the significant structural breaks in the
specific model,

̂log(CO2)i,t = α̂i + φ̂t +
∑

j∈T̂ r

∑

s∈T̂j

τ̂j,s1{i=j,t≥s} + x′
i,tβ̂ (2)

where T̂ r represents treated countries and T̂j represents treatment times for each

treated country, j ∈ T̂ r. τ̂j,s corresponds to the coefficients on the set of significant,
heterogeneous treatments effects, or identified structural breaks. This determines our
estimated set of statistically significant CO2 emission reduction events. Following
the previous example, the coefficient on a significant reduction in road transportation
emissions in Austria in 2010 would be denoted τ̂Austria, 2010, representing a significant
step change in road CO2 emissions from 2010 onward.

Moving from the general model (1) to the specific model (2) relies on machine
learning, using the “getspanel” package in the statistical software, R (Pretis and
Schwarz 2021), based on the block search algorithm in the “gets” R package (Pretis,
Reade, and Sucarrat 2018). This method is part of the general-to-specific family of
model selection methods. Calibrating this model primarily involves choosing the level
of target significance, to control for the expected false-positive rate of the selected
indicators, or structural breaks in the specific model. We estimate coefficients with
three different levels of target significance, 5%, 1% and 0.1%. It has been shown that in
this setting, the expected false-positive rate asymptotically tends towards the target
significance level (Nielsen and Qian 2018). In the context of identifying structural
breaks, a target significance of 0.1% would be expected to falsely identify 0.1% ×
N(T − 1) spurious breaks, which would be less than 1 using either the EU15 or EU31
sample. Using different target significance levels provides a test of the robustness of the
identified breaks. We use low target significance levels to target low false positive rates,
which means identified breaks are likely to constitute large reductions in emissions.
The target significance effectively implies a minimum effect size, and smaller CO2

emission reduction events may not be identified with very low target significance levels.
We believe that this focus on large reductions in emissions is justified by the urgency
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of the need to address the climate crisis and the ambition of Austria’s emissions
reduction target.

Once the specific model has been identified for each emissions category, we
extract only the treatments relating to negative structural breaks in Austria, and
attribute these to relevant policies. As the process reveals an emissions break with an
approximate margin of error, denoted by a 95% confidence interval around the break
year, we seek to attribute policies to each identified break within the interval, using the
International Energy Agency’s (IEA’s) Policies and Measures Database. This includes
past, current and planned climate and energy policies from governments, international
organisations and the IEA, periodically reviewed by national governments. Breaks of
other countries and positive structural breaks are excluded from this analysis.

4 Results

In response to the question, “Which policies have reduced emissions the most in
Austria?” the reverse causal approach identifies five significant, negative structural
breaks in emissions, in the period 1995-2021. Out of a potential 525 treatment effects
for Austria alone, based on 25 treatment periods and 21 sectors, only these five breaks
were identified as being statistically significant. The first key result is that there
were very few significant reductions in CO2 emissions which were not explained by
variations in population size and GDP. The identified breaks collectively represent a
total reduction in CO2 emissions of less than 2.5% of Austria’s total annual emissions,
based on 2005 levels. This is considerably lower than the 48% target for 2030 as
outlined in Austria’s NECP.

Table 2 summarises the five identified breaks. The table is split into three
sections, delineating between the aggregation level of sectors. The IPCC Category
column shows which emissions category the break was identified for, with the corre-
sponding year in the second column. The coefficient can be interpreted as the propor-
tion by which emissions were reduced, compared to a counterfactual, i.e. if there had
been no structural break. The coefficient displayed here is that for the model with
the lowest target significance level (the highest confidence level). The dots (denoted
as •) in the Significance Level and Sample columns correspond to models in which
the given break was identified. For example, while the 2009 break in incineration of
waste was found in both samples and at all target significance levels, the 2015 break
in petroleum refining was only identified at a 5% significance level, using the EU15
sample. Further, the lower the target significance level, the lower the expected false
positive rate, and thus the more confident one can be about the identified break.

Looking at the individual breaks, the break sizes differ in magnitude between
a -0.19 in 2015 emissions from petroleum refining, to -1.54 in 2009 emissions for the
incineration of waste. The -0.19 coefficient can be interpreted as CO2 emissions being
19% lower than they would have been, in the absence of a structural break. For
lime production emissions, we identify a break of -0.82 in 2006. For water-borne
navigation, we identify two breaks, one in 2006 with a coefficient of -0.25 and one in
2007 with a coefficient of -0.22. Given that the two breaks for water-borne navigation
are of similar magnitude and are identified in separate samples with overlapping
confidence intervals, it is likely that they represent the same underlying structural
break. Tables 3, 4 and 5 outline the individuals breaks in detail, aggregated at the
level 1, 2 and 3 sectors, respectively. These tables can be used to compare coefficient
estimates between models to determine the stability of the magnitude of the structural
breaks between models. While there is some variation in coefficient estimates, they
are generally stable.
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Table 2: Negative structural breaks identified across all IPCC sectors for Austria
between 1996 and 2021

Year Coefficient Significance level Sample

5% 1% 0.1% EU15 EU31

IPCC Category (Level 1)

Waste 2009 -1.54 • • • • •

IPCC Category (Level 2)

Incineration of Waste 2009 -1.54 • • • • •

IPCC Category (Level 3)

Incineration of Waste 2009 -1.54 • • • • •
Lime production 2006 -0.82 • • • •
Petroleum Refining 2015 -0.19 • •
Water-borne Navigation 2006 -0.25 • • •
Water-borne Navigation 2007 -0.22 • • •

Note: coefficients displayed here are those for the model with the lowest target significance.

Table 3: Negative structural breaks in Austrian emissions (Level 1)

Category Sample Significance Year Coefficient

1 Waste EU15 5% 2009 -1.43

2 Waste EU15 1% 2009 -1.55

3 Waste EU15 0.1% 2009 -1.65

4 Waste EU31 5% 2009 -1.39

5 Waste EU31 1% 2009 -1.49

6 Waste EU31 0.1% 2009 -1.54

Table 4: Negative structural breaks in Austrian emissions (Level 2)

Category Sample Significance Year Coefficient

1 Incineration and Open Burn-
ing of Waste

EU15 5% 2009 -1.43

2 Incineration and Open Burn-
ing of Waste

EU15 1% 2009 -1.55

3 Incineration and Open Burn-
ing of Waste

EU15 0.1% 2009 -1.65

4 Incineration and Open Burn-
ing of Waste

EU31 5% 2009 -1.39

5 Incineration and Open Burn-
ing of Waste

EU31 1% 2009 -1.49

6 Incineration and Open Burn-
ing of Waste

EU31 0.1% 2009 -1.54
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Table 5: Negative structural breaks in Austrian emissions (Level 3)

Category Sample Significance Year Coefficient

1 Incineration and Open Burn-
ing of Waste

EU15 5% 2009 -1.43

2 Incineration and Open Burn-
ing of Waste

EU15 1% 2009 -1.55

3 Incineration and Open Burn-
ing of Waste

EU15 0.1% 2009 -1.65

4 Incineration and Open Burn-
ing of Waste

EU31 5% 2009 -1.39

5 Incineration and Open Burn-
ing of Waste

EU31 1% 2009 -1.49

6 Incineration and Open Burn-
ing of Waste

EU31 0.1% 2009 -1.54

7 Lime production EU15 5% 2006 -0.63

8 Lime production EU15 1% 2006 -0.82

9 Lime production EU15 0.1% 2006 -0.82

10 Petroleum Refining EU15 5% 2015 -0.19

11 Water-borne Navigation EU15 5% 2007 -0.21

12 Water-borne Navigation EU15 1% 2007 -0.22

13 Water-borne Navigation EU31 5% 2006 -0.26

14 Water-borne Navigation EU31 1% 2006 -0.25

We generate counterfactual plots of the time series, showing what the time
series would look like in the absence of the break, and also plot the fitted models,
based on the obtained coefficients. Figure 5 displays the counterfactual plots for three
years following the break date plotted in red, displayed as log(CO2) in the absence
of the estimated breaks. The black line shows the actual time series of log(CO2), the
blue line displays the fitted model and the vertical red lines denote the date of the
structural break, with grey bands displaying the 95% confidence intervals around the
break date.

After identifying significant structural breaks, we attribute them to relevant
policies occurring around the break date, as displayed in Table 6. The policies range in
their nature, from subsidy schemes, to climate strategies and cap-and-trade systems.
It should be noted that none of the policies identified were developed to directly
target the corresponding emissions category, but they can be indirectly attributed
to reducing emissions in that category. For example, the Ökostromverordnung policy
(Bundeskanzleramt Österreich 2009) attributed to waste incineration emissions in
2009 is a schedule of subsidies provided for green electricity production, including
for electricity from landfill gas and biomass. This may have indirectly reduced the
amount of waste being incinerated, using the waste material to make fuels instead.
Alternatively, this reduction in emissions from waste incineration in 2009 could have
been caused by the phasing out of the low-standard-landfill tax in 2009, while the tax
on waste incineration remained in place, potentially incentivising substitution away
from from incineration to landfill (European Environment Agency 2013). These taxes
are not displayed in Table 6 as this explanation constitutes an unintended impact of
the removal of a policy, rather than the direct attribution of a policy’s impact.

Regarding the reduction in lime production emissions, the emissions trading
system implemented in 2005 included the iron, steel and mineral industries. While
the policy may not have targeted lime production directly, it may have reduced the
demand for lime, an input in the production of iron and steel. The 2015 break in
petroleum refining is linked to subsidies implemented in 2014 for residential buildings
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Figure 5: Actuals, fitted model and counterfactuals for log(CO2) emissions. The fig-
ure contrasts actual emissions (black) with the fitted model based on estimated co-
efficients (blue) and counterfactuals for three years after the identified break (red).
Light red shading depicts 95% confidence intervals around the counterfactuals. Ver-
tical red lines show the date of structural breaks, with grey shading representing
the symmetrical 95% confidence intervals around break dates. Models were run with
a 5% target significance level.
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Table 6: Policy attribution to negative structural breaks

Sector Year of break Policy title Policy
year

Policy
type

Description

Incineration of
waste

2009 Ökostrom-
verordnung

2009 Subsidy Feed-in tariffs for green
electricity, including land-
fill gas, biomass and bio-
gas, diverting waste from
landfill.

Lime pro-
duction

2006 Emission Trading
System

2005 Cap &
trade

Emission Trading System
implemented in 2005,
which affected the iron,
steel and other mineral
industries.

Petroleum
refining

2015 Residential build-
ing, energy and
environmental sub-
sidies

2014 Subsidy Subsidies aimed at reduc-
ing natural gas consump-
tion by residential actors.

Water-
borne navi-
gation

2006-2007 Klima:aktiv pro-
gramme Renew-
able Energy

2005 Strategy Climate strategy including
provisions for biogas and
biomethane for transport
use.

to improve heating standards, thereby potentially reducing demand for natural gas,
and subsequently for petroleum refining. Finally, the reduction in water-borne navi-
gation emissions are linked to the climate strategy developed in 2005, which included
provisions for bio-gas and bio-methane for transport use.

The attribution of policies to structural breaks should be interpreted with
caution due to the nature of emissions in the categories in which breaks were identified.
Firstly, three of the sectors - the incineration of waste, lime production and water-
borne navigation - together make up less than 1% of Austria’s total CO2 emissions. As
the absolute level of emissions in these categories is very low, even a small reduction
in emissions would represent a large relative decrease, and thus be identified as a
statistically significant reduction. This implies that CO2 reductions in these sectors
would not significantly contribute to Austria’s climate targets. The fourth sector in
which we identify a structural break is petroleum refining, which contributes to 8% of
Austria’s total emissions. These emissions, however, come from just a single refinery
in Austria, meaning emissions in this category are entirely subject to idiosyncrasies
in the emissions of this particular facility. A myriad of external factors could have
affected the operations and performance of this facility in 2015, making the causal
link of the break to a single policy tenuous. For example, the refinery’s company,
OMV, highlighted in their 2015 Annual Report that the Europe region has too much
refining capacity for its demand, causing them to reduce production (OMV 2015).

Finally, we consider the performance of the model by comparing the fitted
model to the actual time series of emissions in four sectors with the most emissions:
road transportation, electricity and heat production, residential and other sectors,
and manufacturing and construction (Figure 6). The fitted models show expected
emissions, based on GDP and population data, using the coefficients obtained in the
estimated model. No structural break was found in the four sectors displayed, so we
use these plots to infer how well the model performs in predicting emissions. As can be
seen from the close fit between actual and predicted emissions, one can be confident
in the setup of the model, both in using GDP and population as control variables,
and in using EU countries as a control group.
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Figure 6: Actuals and fitted model for log(CO2) emissions. The figure depicts the
actual emissions (black) and the fitted model based on estimated coefficients (blue)
for the four largest sectors. Models were run with a 5% target significance level.

5 Conclusion

In this study, we apply a reverse causal approach to policy evaluation to answer
the question, “Which policies have reduced emissions the most in Austria?” This
analysis complements existing literature about climate policy evaluation, which is
based largely on forward-causal reasoning. The reverse causal approach is holistic
and policy-agnostic as it does not require the exogenous, prior selection of policies
for analysis, and rather, it identifies significant reductions in emissions, then seeks to
attribute these to relevant policies. With Austria’s goal of reducing emissions by 48%
by 2030 compared with 2005 levels, towards the EU’s overall 2050 climate neutrality
goal, it is critical to determine which policy or set of policies have been most effective
to date, to thus inform future policy design.

Our analysis confirms the findings of the existing literature that Austria’s
climate policies have been largely ineffectual from 1995-2021. We identify five struc-
tural breaks in CO2 emissions, that is, significant reductions in emissions that are
not accounted for by variations in GDP or population, relative to a control group
of similar EU countries. These are in the following sectors: petroleum refining, waste
incineration, lime production, and water-borne navigation. Overall, emissions from
these sectors make up less than 9% of Austria’s emissions, and the combined reduc-
tion in total emissions estimated by the structural breaks accounts for less than 2.5%
of Austria’s emissions. This is markedly lower than Austria’s emissions reduction tar-
get. We attribute these emissions reductions to a range of policies, including subsidies
for green electricity, the emissions trading scheme and Austria’s climate strategy, but
the causal links are tenuous due to the idiosyncratic nature of the four sectors. The
overall policy implication of our findings is that significant work needs to be done to
implement more effective policies, if Austria is to meet its climate targets.
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The reverse causal approach derives its greatest benefit from its holistic
and agnostic nature, but it is not without its limitations. As the structural break
identification approach relies on a control group (other EU member nations), the
method will not identify breaks that are apparent across the entire sample. This
means, EU-wide policies that were implemented in all countries at the same time,
providing that they have similar impacts on emissions, would not be detected. This
can be overcome in future research by using a broader sample, such as the use of all
OECD countries as the sample group. Further, the calibration of the model with low
target significance levels (and thus low false positive rates), means that real, but small,
structural breaks may not be detected. Simply, this approach is likely to only identify
larger effects. The inability to detect smaller breaks would mean the magnitude of
identified breaks can be considered a lower bound estimate. Given the need for timely
and large-scale emissions reductions, this focus on larger breaks may be justified.

Further research into climate policy effectiveness could benefit from using
the reverse causal approach, extending the analysis beyond the identification of neg-
ative structural breaks in Austria’s emissions. Repeating such an exercise for other
countries will improve the external validity of the findings, specifically the attribution
of policies and identifying which policies are most useful across a range of contexts
and countries. This may provide for more general policy guidance on which policies
across Europe, for example, have been most effective in reducing emissions, highlight-
ing “role models” for future policy development. Additionally, investigation of positive
structural breaks may provide insight into causes of increased emissions, which may
allow researchers to identify unintended consequences of policies. Overall, given the
significant challenges across the world to achieve climate goals, further research into
effective policy evaluation is critical to ensuring policy makers implement interven-
tions that will achieve emissions reductions in the most effective way possible.
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reich. Periode 2021-2030. url: https://www.bmk.gv.at/themen/klima_
umwelt/klimaschutz/nat_klimapolitik/energie_klimaplan.html.

Castle, Jennifer L, Michael P Clements, and David F Hendry (2016). “An overview
of forecasting facing breaks”. In: Journal of Business Cycle Research 12.1,
pp. 3–23.

Colmer, Jonathan et al. (2022). “Does pricing carbon mitigate climate change? Firm-
level evidence from the European Union emissions trading scheme”. In:
CEPR Discussion Paper No. DP16982. url: https://ssrn.com/abstract=
4026889.

Eggleston, HS et al. (2006). 2006 IPCC guidelines for national greenhouse gas inven-
tories. url: https://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/
Washington_Report.pdf.

European Environment Agency (2013).Municipal waste management in Austria. url:
https://www.eea.europa.eu/publications/managing- municipal-

solid-waste/austria-country-paper-on-municipal.
European Parliament (2021). Climate action in Austria - Latest state of play. EU

progress on climate action – How are the Member States doing? European
Parliamentary Research Service. url: https://www.europarl.europa.eu/
RegData/etudes/BRIE/2021/696186/EPRS_BRI(2021)696186_EN.pdf.

Gelman, Andrew and Guido Imbens (Nov. 2013). “Why ask Why? Forward Causal
Inference and Reverse Causal Questions”. In: Working Paper Series 19614.
doi: 10.3386/w19614. url: http://www.nber.org/papers/w19614.
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