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Motivation
• Carbon tax a key climate policy tool to make firms internalize the costs of 

their emissions
• Nordhaus (1993) ; Golosov et al. (2014); Rockström et al. (2017); Sterner et al. (2019)
• In early 1990’s, several European countries introduced carbon pricing schemes
• EU Emission Trading System (ETS) introduced in 2007
• More recently, CA cap-and-trade, BC carbon tax

• Existing schemes are far from theoretical 1st best
• Regional, not global 

• CO2 has same effect on climate regardless of where it is emitted

• Tax rates are too low (Nordhaus, Stern, Golosov et al)
• Taxes do not cover all CO2 emissions and differ across emitters (exemptions etc)
• Taxes are not revenue-neutral 

• Can reduce firms’ financial capacity to invest in abatement

→Do they have any effect on emissions? 





Our paper
• Previous literature estimate DiD (→ATEs) around introduction of carbon pricing 

scheme (EU ETS, CA, BC, Swe, Ger, Fra)
• Mostly aggregate/sector-level, some on microdata
• Very mixed results across methodologies and schemes (Rafaty et al, 2021)

• Firms will invest in abatement as long as MC<=MB
• MB = carbon tax savings from reducing a unit of CO2

• Depends on carbon pricing scheme and (marginal) tax rates over time

• MC = cost of reducing one a unit of CO2
• Depends on technology, price elasticity of demand, cost of funds, and time to adapt

→ Change in emissions depends on tax level, time to adjust, & differs across sectors / firms

• What we do: 
• Estimate carbon pricing elasticities using long panel of micro-data on firms
• Account for dynamic response and heterogeneity across sectors, firms



Related work
• Studies of effects from carbon pricing schemes 

• Country / Sector-level data: Lin and Li (2011, EU),  Rafaty et al (2021, 39 countries), Pretis (2022, BC), 
Andersson (2019, transportation in Swe vs synth panel), Metcalf & Stock (forthc., EU)

• Microdata: Martin et al (2004, UK utilities), Bartram et al (2022, CA), Colmer et al (2022, EUETS), 
Dechezlepetre et al (2023, EUETS), Ahmadi et al (2022, BC)

• Swedish carbon tax: Brännlund et al (2014), Forslid et al (2019), Andersson (2019)
• Elasticities: Germeshausen (2022, German power plants), Dussaux (2022, French manuf, elast to energy 

price)

• Closest paper is Colmer et al (2022): impact of EU-ETS on French manufacturing firms
• Inclusion in EUETS leads firms to lower emissions by 8-12%; DiD, do not estimate elasticities, no 

heterogeneity wrt technology or financial constraints.

• Our paper:
• Micro data on firms and establishments 1990-2015
• Consider marginal tax rates across firms and time
• Estimate short- and long-run responses to carbon taxation
• Assess importance of technological and financial heterogeneity 
• Calibrate aggregate effect



Data and sample: sources

• Emissions data from Swedish Environmental Protection Agency (SEPA and IVL): 
1990-2015 (plus European Union Transaction Log for EUETS plants)

• Accounting data for firms from UC (1990-1996) and Serrano (1997-2015)

• Firm-level environmental protection expenditure

• Data on tax rates and exemptions manually collected and used to infer tax 
payments for every firm.

• Prices are deflated using four-digit PPI series
• Effectively adjusting for industry-level output price changes

• Sort 4-digit industries into deciles according to their emission intensity in 1990



Even in years with fewer firms covered, cover 80-95% of aggregate emissions. 







Concentration of manufacturing CO2 emissions

Emissions by 4-digit NACS emissions decileSales by 4-digit NACS emission decile



• Compute each firm’s tax rate every year
• For firms with establishments entering the EU 

ETS, we apply the emission price for those 
establishments

• Before EU-ETS, marginal tax < average tax for 
high emitters due to exemptions

• After 2007, marginal tax > average tax for 
firms with installations in EU-ETS
• Free allocation of emission rights
• Tax paid for installations not in EU-ETS

• During 1990’s, decile 10 accounts for:

<20% of manufacturing sales
>70% of CO2 emissions
~ 50% of CO2 tax payments

Differences in marginal tax across firms and time



Estimating long-run tax elasticities

• Regression specification (following Shapiro & Walker, 2018):

• Dep variable: (log of) CO2-emissions (kg) divided by output
• Ci,t-s is marginal tax payments over sales (𝜏i,t/Y i,t)

• = the change in profit margin from change in marginal tax
• Firm and year / sector-year fixed effects

• Identification from different marginal tax rates across firms and time:
(1) Exemptions and tax rate changes
(2) Tax represent a different fraction of sales (tax is levied on tons of emissions)



Baseline estimates





Access to finance and reduction of CO2/sales

Overall firms that have better access to finance react more 

• Public firms

• Large firms

• High dividend payer

• Mature firm

But not in low PACE sectors



Effect of PACE and mobility on emission elasticities

PACE:
pollution abatement
costs expenditures



Short-run response around tax changes

• Diff-in-diff estimate, similar to previous literature
• 1991 introduction

• Changes in tax rates and exemptions 1993 and 1997
• 2011 and 2015 changes were post-ETS

• While introduction was anticipated, subsequent changes plausibly unexpected.
• Tax had considerable bipartisan support

• To the extent changes were expected, should bias towards no effect

• Focus on firms in Decile 10 (highest-emitting sectors)
• Account for >70% of emissions

• Stable observation count (firms continuously sampled by SEPA)

• Exclude cement, glass & lime (always exempted, monopoly)



Short-run response: 1991 and 1993 tax changes



Conclusion
• Carbon taxation works:

• 1% increase in marginal tax cost  → 2% lower emission intensity
• Economic significance: Swedish manufacturing emissions of CO2 would have 

been roughly 30% higher without carbon pricing

• Sector heterogeneity important: 
• Large emitters have lower elasticities due to higher abatement costs
• Access to financing matters the most for these firms

• Swedish carbon tax was suboptimally designed:
• Highest emitters paid significant carbon tax - making them less competitive 

and more financially constrained - but had lowest marginal benefit of 
reducing emissions


