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Note 1: Research background 
Crises can impact transitions to a zero-carbon economy in several ways, including changes in the economic and technological drivers of GHG emissions (1) and changes in climate and energy policies in the wake of the crises (2). The existing literature analyzes either the economic (Cansino et al., 2016; Cansino et al., 2015; Kopidou & Diakoulaki, 2017; Li et al., 2021; Mendiluce & Schipper, 2011; O’Mahony & Dufour, 2015; Shammugam et al., 2022; Sobrino & Monzon, 2014) or the policy (Agrawala et al., 2020; Corfee-Morlot et al., 2021; Dupont et al., 2020; Geels et al., 2022; Hepburn et al., 2020) impacts of crises, with little empirical work integrating the two dimensions. Table S1 bellow provides a summary of previous articles investigating the case of Germany and Spain, highlighting the key differences with this paper. 
1. Changes on emissions drivers - Decomposition Analysis
[bookmark: _Hlk115967831]Decomposition Analyses (DA) (Ang, 2005)  has been applied to investigate the main factors contributing to changes in energy consumption and CO2 emissions at country level (Andreoni & Galmarini, 2012; Lamb et al., 2021), or in the power sector (Karmellos et al., 2016; Karmellos et al., 2021), industry (Diakoulaki & Mandaraka, 2007; Kopidou et al., 2016) and the transport sector (Andreoni & Galmarini, 2012; Mendiluce & Schipper, 2011; Robaina & Neves, 2021; Tapio et al., 2007). Several studies have analysed EU member states, including Spain and Germany, showing that historically, economic growth (GDP per capita) has been the main driver increasing emissions while energy intensity improvement was the main driver reducing them. Carbon intensity improvements have had smaller but also positive effects on reducing emissions (Andreoni & Galmarini, 2016; Bhattacharyya & Matsumura, 2010; González et al., 2014; Moutinho et al., 2015). Except a few case studies (O'Mahony, 2013; Roinioti & Koroneos, 2017), the literature has paid little attention to the effects of crises on emissions drivers.  
The studies on Spain and Germany did not investigate the effects of economic crises or focused on one dimension only (See Table 1 for an overview). For Spain, Cansino et al. (2016) and Cansino et al. (2015) found that the implementation of the Kyoto Protocol and the growth in renewable energy had the largest impact on the mitigation of energy-related CO2 emissions in 1995-2007, but also that the scale effect of economic growth outweighed these reductions until the economic crisis in 2008. Kopidou and Diakoulaki (2017) showed that the industry-related CO2 emissions in Spain decreased substantially in 2008-11 due to a sharp drop in activity. O’Mahony and Dufour (2015) investigated energy-related CO2 emissions in Spain 1990-2011, finding that afﬂuence, population and energy intensity increased emissions, while fuel substitution decreased them. Sobrino and Monzon (2014) focused specifically on the Spanish transport sector showing that the energy efficiency of road transport has increased during the economic crisis, partially attributable to public policies that incentivised the purchase of more efficient vehicles. Mendiluce and Schipper (2011) showed that “activity” (in passenger-km and tonne-km) was the main driver increasing transport emissions during the economic boom before the GFC. We found no DA of Spanish emissions during the Covid-19 crisis. 
Li et al. (2021) found that production-based and consumption-based CO2 emission in Germany declined by 2.8% and 8.5% in 2000-2015 thanks to improvements in carbon intensity. Finally, Shammugam et al. (2022) compared real GHG in Germany with a counterfactual scenario without the pandemic, finding that in 2020 the COVID pandemic lowered emissions by 41 MtCO2eq or about 58% of the observed emission reduction.
2. Critical junctures in climate and energy policy
[bookmark: _Hlk106629469]The critical junctures approach from historical institutionalism acknowledges the importance of external shocks and crises in creating opportunities for major policy change and alterations in policy trajectories (Capoccia & Kelemen, 2007; Dupont et al., 2020). While institutions and policies are path-dependent and ‘locked in’ to a certain pathway characterised by self-reinforcing feedback effects, an exogenous shock may trigger a shift away from existing paths towards new trajectories (Fioretos et al., 2016). Critical junctures are events that act as tipping points with a causal effect on future policy developments, shifting previous path dependencies to a new trajectory that leads to qualitatively different outcomes. Therefore, critical junctures can only be identified in retrospect – the key indicator is whether they did have a causal impact on future events or not (Dupont et al., 2020). Applied to policy analysis, critical junctures are often associated with periods of crisis, confronting policy makers with strong pressure to make decisions under high uncertainty. While early critical juncture contributions underlined the increased freedom of actors to make consequential choices during windows of opportunity, recent work (Geels et al., 2022) highlights the role of “constraining contexts”, including “productive conditions” (i.e. the strategic considerations and actions through which actors aim to use policy windows), and “critical antecedents” (i.e. the pre-existing contexts, positions, plans and concerns that shape and constrain these activities). Constraining context elements affecting actors´ behaviour have to be considered when analysing critical junctures (Geels et al., 2022). 
The impact of the economic crises on European climate and energy policy has been the subject of previous research. For the EU level, Skovgaard (2014) found that the GFC has imposed significant fiscal constraints on the member states and resulted in the emergence of two opposing policy frames with regards to more ambitious emission reduction targets: a ‘trade-off policy frame’ that regards climate policy as detrimental to economic growth, and a ‘green growth policy frame’ that sees it as beneficial to growth. These contrasting positions made it impossible after 2010 to find consensus on higher EU emission reduction targets for 2020; exacerbated by the fact that many member states, including Germany, were internally divided between environment and economy ministries on this matter (Ollier et al., 2022). Slominski (2016) confirmed these findings adding that the crisis has altered the hierarchy of priorities on the EU policy agenda, leading policymakers to pay more attention to economic problems at the expense of climate change mitigation policy. In addition, he argued that the crisis has given more weight to concerns about the costs of ambitious climate policy, strengthening the trade-off narrative, particularly for member states that were environmental policy laggards before the crisis. Nevertheless, he concludes that the crisis has not fundamentally changed the trajectory of EU climate and energy policy, exemplified by the 2030 package agreed in 2014. 
Geels (2013) explored different impacts of the GFC on sustainability transitions from a multi-level perspective. Focusing on renewable energy and climate policy in the EU, he concludes that the early years of the crisis (2008-2010) created a window of opportunity for the diffusion of green technologies and niche innovations. Notably, “green recovery” and stimulus packages boosted public investment in low-carbon technologies like renewables and electromobility. However, this effect later turned negative as the economic fallout from the crisis imposed fiscal and political constraints on policymakers, resulting in a decline of political relevance and ambition of climate policy.
The initial impact of the COVID-19 pandemic on energy-related CO2 emissions and its implications for climate policy in the EU and globally have already received scholarly attention (Corfee-Morlot et al., 2021). Several studies performed preliminary assessments of climate-related implications of recovery and stimulus packages (Hepburn et al., 2020) and drew lessons from the stimulus packages in response to the GFC (Agrawala et al., 2020).  They identified policy measures with higher potential to drive economic recovery while incentivising decarbonisation, including “clean” physical infrastructure and building efficiency retrofits.  Dupont et al. (2020) explored the potential of the pandemic to act as a “critical juncture” for EU climate policy development, concluding that it will likely strengthen and accelerate policy measures and targets adopted as part of the European Green Deal (EGD) in 2019. They argue that the EGD itself can be regarded as a “critical juncture” for EU climate policy, thus predating the COVID-19 crisis. However, in contrast to the 2008 crisis, the policy response so far indicates that the EU climate policy agenda will be strengthened rather than weakened. Geels et al. (2022) investigated the green recovery spending plans of France, Germany and the UK, finding that they are powerfully shaped by pre-existing contexts, plans and developments, which constrain the use of the crisis-induced opportunities.

Table SM1: Peer-reviewed empirical studies on the effects of the GFC and the Covid-19 crisis on decarbonisation (emissions drivers/policy change) in Spain or Germany.
	Nr.
	Reference
	Scale
	Crises & time span
	Method/Analytical framework
	Main finding

	1.
	This study
	Germany & Spain – energy-related CO2 emissions drivers and policy responses
	GFC and Covid-19 crisis, 1998-2021
	Comparative policy analysis (critical juncture hypothesis) and Kaya-decomposition.
	The GFC represented a tipping point for Spanish CO2 emissions but not for Germany, where continuity was the pattern. The Covid crisis had short-lived emissions reduction in both countries and a relatively strong policy response through green stimulus.

	Effects on CO2 emissions drivers

	2
	Shammugam et al. (2022)
	Germany: CO2 emissions, total and per sectors. 
	Covid-19, 2020-21.
	Decomposition analysis and autoregressive econometric models 
	About 58% of the reduction in emissions between 2019 and 2020 in Germany may be attributed to the pandemic. The buildings sector failed to meet its climate target in 2020

	3
	Li et al. (2021)
	Germany: production and consumption-based CO2 emissions  
	GFC, 2000-15
	Multi-regional input-output and structural decomposition analysis
	[bookmark: _Hlk115971394]Production-based and consumption-based CO2 emission in Germany declined by 2.8% and 8.5% in 2000-15; the decreasing effect of carbon intensity coefficient exceeded the increasing effect of economic scale, leading to CO2 reduction

	4
	Kopidou and Diakoulaki (2017)
	Greece, Italy, Portugal, Spain: industrial CO2 emissions
	GFC, 2000-11
	LMDI decomposition 
	Production-based factors (mainly economic activity and energy intensity) contributed more to the change in industrial CO2 emissions than the consumption-based factors. The consumers ‘preferences did not switch to a
more environmentally conscious use of industrial products.

	5 
	Cansino et al. (2016)
	Spain, – energy-related CO2 emissions drivers
	GFC, 1995-2009
	Structural Decomposition Analysis based on Input-Output tables
	“The largest decline in CO2 emissions 1995-2009 was due to the carbonization and intensity effects, and the largest increases in CO2 emissions due to the technological (here, the economic structure) and scale effects”.

	6. 
	Cansino et al. (2015)
	Spain, – energy-related CO2 emissions drivers
	GFC, 1995-2009
	Multisector LMDI decomposition analysis based on Input-Output tables
	“(Renewable energy) acted in detriment to the drivers of CO2 emissions. This may be stated for the last few years under consideration. The positive trend for the share of RES in Spain's energy matrix, together with the negative tendency in the use of fossil fuels, leads us to be optimistic”.

	7
	O’Mahony and Dufour (2015)
	Spain, – energy-related CO2 emissions drivers
	GFC, 1990-2011
	Divisia index decompo-
sition
	“Affluence and population have acted to increase emissions and energy intensity was increasing until recent years. Fuel substitution has acted to decrease emissions but while renewable energy has reduced emissions with the increasing importance of biomass, wind and solar, the decline in share of nuclear has acted to increase emissions”

	8 
	Sobrino and Monzon (2014)
	Spain – GHG emissions from road transport
	GFC, 1990-2010
	Decomposition analysis based on Modified Laspeyres Index.
	Spanish road traffic emissions decreased by the first time during the GFC. The reduction of road transport and improved energy efficiency has been powerful contributors to this decrease, demonstrating the effectiveness of energy-saving measures.

	9. 
	Mendiluce and Schipper (2011)
	Spain – GHG emissions from passenger and freight transport
	GFC, 1990-2008
	LMDI decomposition based on “ASIF” equation. 
	Emissions increased, mainly fuelled by the rise in transport activity; modal shares have pulled away from public transport, with a decrease in bus and rail, towards an increase in car and air travel.

	Effects on climate policy

	10
	Geels et al. (2022)
	France, Germany, UK - Recovery packages
	Covid-19, 2021-2021
	Critical juncture framework
	The green recovery plans differ markedly among the three countries and are powerfully shaped by pre-existing contexts, plans and developments, which constrain the use of the crisis-induced opportunities

	11
	Dupont et al. (2020)
	EU climate policy
	Covid-19, 2020
	Critical juncture framework 
	In 2020, the EU’s crisis response seems rather to advance EU climate policy by strengthening and reinforcing the European Green Deal, which itself may be a potentially transformational critical juncture.

	12
	Slominski (2016)
	EU’s climate and energy policies.
	GFC (exact period unspecified) 
	Qualitative policy analysis. 
	GFC crisis did not fundamentally changed the broad trajectory of EU energy and climate policy. However, it strengthened the concerns of cost implications of climate measures and changed the hierarchy of priorities of EU policymakers to paying more attention to economic problems rather than climate change, renewables or energy efficiency. 

	13
	Skovgaard (2014)
	EU’s climate and energy policies.
	GFC, 2009-11
	Expert interviews 
	The GFC crisis deepened the division between the “green growth” and “trade-off” policy frames (climate policy as beneficial or detrimental to growth); division happened between countries and in some case within countries. 

	14
	Geels (2013)
	Europe – climate and energy policy 
	GFC, 2008-2011
	No specificized. 
	The early crisis years (2008–2010) created a window of opportunity for positive solutions. But since 2010–2011 the financial–economic crisis had negative influences on sustainability transitions that may cause some slow-down.











Note 2: Results of decomposition analysis 
	Country
	Period
	ΔCO2
	ΔP
	ΔA
	ΔEI
	ΔCI

	
	1998-2007
	-0.88%
	0.04%
	1.59%
	-1.97%
	-0.50%

	
	2008-2009
	-3.55%
	-0.19%
	-2.18%
	-0.22%
	-1.00%

	Germany
	2010-2019
	-0.95%
	0.13%
	1.84%
	-1.86%
	-1.02%

	
	2020-2021
	-2.40%
	0.08%
	-0.61%
	-1.42%
	-0.71%

	
	1998-2021
	-1.12%
	0.06%
	1.24%
	-1.37%
	-0.72%

	
	1998-2007
	3.77%
	1.15%
	2.66%
	-0.50%
	0.48%

	
	2008-2013
	-5.17%
	0.71%
	-2.01%
	-1.16%
	-2.78%

	Spain
	2014-2019
	0.20%
	0.08%
	2.51%
	-2.45%
	0.11%

	
	2020-2021
	-5.03%
	0.49%
	-3.35%
	1.74%
	-4.38%

	
	1998-2021
	-0.47%
	0.75%
	0.78%
	-0.90%
	-0.81%


Table SM2: Decomposition of total CO2 emissions, annual average growth rates 1998-2021.                                P= Population,  A= Affluence, EI= energy intensity, CI= carbon intensity. GFC in Germany: 2008-2009, GFC + euro crisis in Spain: 2008-2013. Source: (Energy Institute, 2023; Eurostat, 2022).
	
	Spain
	Germany

	
	ΔCO2
	ΔP
	ΔA
	ΔEI
	ΔCI
	ΔCO2
	ΔP
	ΔA
	ΔEI
	ΔCI

	1998
	1.041
	1.004
	1.039
	1.004
	0.993
	0.990
	1.001
	1.020
	0.972
	0.998

	1999
	1.089
	1.004
	1.041
	0.987
	1.056
	0.974
	1.000
	1.019
	0.968
	0.987

	2000
	1.035
	1.004
	1.048
	1.005
	0.979
	0.998
	1.002
	1.028
	0.978
	0.992

	2001
	1.015
	1.005
	1.034
	1.006
	0.971
	1.020
	1.001
	1.016
	1.002
	1.001

	2002
	1.058
	1.009
	1.018
	0.984
	1.047
	0.985
	1.002
	0.996
	0.989
	0.998

	2003
	1.023
	1.019
	1.010
	1.026
	0.968
	1.003
	1.001
	0.992
	1.007
	1.003

	2004
	1.065
	1.017
	1.014
	1.006
	1.026
	0.983
	1.000
	1.012
	0.988
	0.983

	2005
	1.035
	1.018
	1.019
	0.971
	1.029
	0.975
	1.000
	1.008
	0.981
	0.987

	2006
	0.985
	1.016
	1.024
	0.976
	0.970
	1.021
	0.999
	1.039
	0.987
	0.997

	2007
	1.030
	1.018
	1.018
	0.986
	1.008
	0.961
	0.999
	1.031
	0.931
	1.002

	2008
	0.932
	1.020
	0.989
	0.963
	0.960
	0.998
	0.999
	1.011
	1.000
	0.988

	2009
	0.891
	1.012
	0.950
	0.964
	0.961
	0.931
	0.997
	0.946
	0.995
	0.992

	2010
	0.949
	1.005
	0.996
	1.027
	0.923
	1.039
	0.998
	1.044
	1.000
	0.997

	2011
	1.028
	1.004
	0.988
	0.989
	1.048
	0.975
	0.981
	1.060
	0.928
	1.011

	2012
	0.993
	1.003
	0.967
	1.025
	0.998
	1.012
	1.001
	1.003
	1.009
	0.999

	2013
	0.896
	0.998
	0.988
	0.964
	0.943
	1.032
	1.002
	1.002
	1.024
	1.003

	2014
	0.991
	0.995
	1.019
	0.967
	1.010
	0.942
	1.003
	1.019
	0.938
	0.982

	2015
	1.059
	0.999
	1.040
	0.975
	1.046
	1.006
	1.005
	1.010
	1.004
	0.988

	2016
	0.975
	1.000
	1.031
	0.979
	0.966
	1.020
	1.012
	1.010
	0.994
	1.003

	2017
	1.063
	1.002
	1.028
	0.983
	1.050
	0.988
	1.004
	1.022
	0.987
	0.975

	2018
	0.982
	1.003
	1.020
	0.995
	0.966
	0.963
	1.003
	1.007
	0.966
	0.988

	2019
	0.943
	1.006
	1.014
	0.954
	0.969
	0.928
	1.003
	1.008
	0.964
	0.952

	2020
	0.808
	1.008
	0.879
	1.019
	0.894
	0.890
	1.002
	0.961
	0.968
	0.955

	2021
	1.091
	1.001
	1.054
	1.015
	1.018
	1.062
	1.000
	1.026
	1.003
	1.031

	2022
	1.071
	1.001
	1.054
	0.984
	1.032
	0.988
	1.001
	1.017
	0.945
	1.026


Table SM3: Multiplicative contribution factors to national CO2 emissions, Spain-Germany. 	                Source: (Energy Institute, 2023; Eurostat, 2022).

Note 3: Policy developments before the global financial crisis
Rooted in environmental movements, Germany was a frontrunner in decarbonisation policy since the early 1990s especially through its early model of transition towards a sustainable energy system (the Energiewende) (Jänicke, 2016; Ollier et al., 2022). In 1991, the Electricity Feed-In Act introduced feed-in tariffs (FIT) for electricity from renewable energy sources. After the 1998 elections, the Green party entered government for the first time in a coalition with the Social Democrats. The “Red-Green” coalition scaled up German climate policy with the adoption of the Renewable Energy Sources Act (EEG) in 2000 as the cornerstone of the country’s renewable energy policy until today (Cheung et al., 2019). It significantly increased the renumeration and scope of the existing FIT scheme for renewable power and thereby triggered a rapid expansion of wind and solar in the early 2000s. The German leadership ambition in climate policy was enshrined with the 2007 Integrated Energy and Climate Programme, including a -40% GHG emissions target for 2020 compared to 1990. Taken together, the development of an ambitious climate and renewable energy policy by successive German governments resulted in the achievement of the Kyoto target (-21% emissions by 2012) and the 2010 target for renewable power (10%) already by 2007 (Jänicke, 2016).
Spain started developing national climate policy capacities in the early 2000s, driven by an increasing number of policy instruments adopted at the European level. In light of its booming economic development rooted in energy- and CO2-intensive sectors like construction, Spain was cautious about the EU’s climate policies and upcoming targets, as it faced rapidly rising emissions from its carbon-intensive economic growth that showed no sign of slowing down in the early 2000s. Despite being a climate policy laggard among the EU-15, Spain emerged as a frontrunner in renewable energy policy from 2000 onwards. The first Spanish FIT scheme for renewable energy, providing a guaranteed offset premium to producers was adopted in 1997 (Solorio & Fernandez, 2017). Driven by this regulation, rising electricity demand and an inflow of European capital, the Spanish renewable energy sector expanded rapidly in the early 2000s: by 2006, 19% of electricity was provided by renewables. Despite increasing problems with the electricity grid and an escalating electricity tariff deficit, the government adopted a revision to the existing FIT framework which significantly increased the premiums for new PV installations in 2007. The same year, the Spanish framework strategy for climate policy until 2020 was published, Strategy (Solorio, 2016).  



	Sector
	Description
	Budget 
(million €)

	Housing
	Public investment for improving energy efficiency in public buildings, primarily school and university buildings 
	€ 3300

	


Transport
	R&D support for alternative mobility (especially hybrid and electro-mobility).
	€ 500

	
	A €5bn car scrappage scheme provides owners of cars more than nine years old with €2,500 subsidy for the purchase of a new car 
	€ 5000

	
	Green tax reduction - Revision of motor vehicle tax from 1 July 2009. CO2-emissions of passenger cars are included in the taxable base
	€ 1800


 Note 4: Recovery packages during the global financial crisis.
Table SM4: Main green spending elements of the German recovery package during the Global Financial Crisis. Source: (Pollitt, 2011).
	Sector
	Description
	Budget 
(million €)

	Transport/building/energy
	Energy efficiency program (loans, subsidies, direct public expenditures & lower taxes) 
	2207

	Energy (& health)
	R&D support 
	 490

	


Transport
	Subsidies to improve the competitiveness of low-emission vehicles, hybrid and electric vehicles 
	1265

	
	Car scrapping program 
	 940

	
	Lending/leasing for energy efficiency and accessibility of the bus system 
	 236

	
	Public investment to increase the transport of goods by rail, mainly in infrastructure 
	7512

	Various (tourism)
	Loans to improve the energy efficiency of tourism facilities, including energy savings 
	1200

	Various 
	Sustainable Economy Funds for energy efficiency, infrastructure, housing, sustainable vehicles 
	10000


Table SM5: Main green spending elements of the Spanish recovery package during the Global Financial Crisis. Source: (Pollitt, 2011).


Note 5: The first impacts of the energy crisis related to the war in Ukraine. 
Russia´s invasion of Ukraine in February 2022 triggered an energy crisis in Europe, particularly in countries highly dependent on imported fossil fuels from Russia, including Germany. As a response, several measures were taken at the national and European levels (particularly with the plan REPowerEU) aiming to: (i) diversify energy supply, (ii) accelerate the transition to renewable energy, (iii) reduce energy consumption. In March 2023, the EU agreed to increase its renewables capacity binding target for 2030 to 42.5%, aiming to reach 45%. The EU policies were translated and, in some cases, extended at the national level. Preliminary analysis shows that natural gas demand in the European Union fell in 2022 by 55 bcm, or 13%, its steepest drop in history, driven by several economic and policy-related factors (IEA, 2023).
	
	Emissions
	Population
	Affluence
	Energy intencity
	Carbon intencity

	Germany
	-1.23%
	0.10%
	1.71%
	-5.47%
	2.63%

	Spain
	7.10%
	0.07%
	5.38%
	-1.58%
	3.20%


Table SM6: Decomposition of CO2 emissions during the first year of the energy crisis related to the war in Ukraine (2022). Source: (Energy Institute, 2023).

The direct impacts of the 2022 energy crisis in Spain and Germany are very different. Germany saw moderate economic growth and substantial improvement in energy intensity, pushing emissions down by 1.2%. In contrast, the Spanish economy showed a strong recovery, improvements in energy intensity were modest, and the carbon intensity increased, leading to a strong increase in CO2 emissions. However, CO2 emissions in Spain remain lower than in 2019; it has to be seen if, in 2023 and the following years, the country resumes a trajectory of reducing its emissions. Germany, which was highly dependent on Russian gas before the war, is likely to experience a more profound structural change in the current and coming years, particularly in energy-intensive industries. 
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