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Abstract 

This paper empirically estimates the effect of tax exemptions from the carbon tax and energy tax 

on emissions in Sweden. After the tax exemptions in 1992, carbon dioxide emissions from the 

Swedish industrial sector increased by, on average, over 34 percent, compared to a synthetic 

control unit constructed from a comparable group of OECD countries. The main finding is robust 

to various placebo tests, robustness tests and a dose-response test, suggesting that the tax 

exemptions are the driver of the result. 

 

Keywords:  Tax exemptions, Emission taxes, CO2 emissions, Synthetic control method, 

Industrial sector, Sweden  
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1  Introduction 

Global warming is now an undeniable fact, and the recognition of its damage has led each of the 

189 countries that have ratified the Paris agreement to commit to the common goal of limiting 

global warming to below 2 degrees, compared to pre-industrial levels (United Nations 2021). The 

combustion of fossil fuels represents the single largest human influence on the climate, being the 

primary source of carbon dioxide (CO2) emissions (EPA 2021). All in all, CO2 accounted for 76% 

of the global greenhouse gas (GHG) emissions in 2010 (IPCC 2014). There is widespread 

agreement among economists that taxing CO2 offers a cost-effective way to reduce CO2 emissions 

at the necessary scale and speed (Akerlof et al. 2019). With the increase of large-scale CO2 

reduction regulation worldwide (World Bank 2020), it is important to evaluate already 

implemented policy instruments to find the optimal design for curbing CO2 emissions. 

      A common feature of current CO2 abatement policy designs is tax exemptions from emission 

taxes for energy-intensive or manufacturing industries (Ghazouani et al. 2020; Venmans et al. 

2020; Baranzini et al. 2000; Ekins & Speck 1999).1 Even though the industrial sector is a major 

contributor to CO2 emissions globally,2 there is a concern that strict local emission abatement 

regulation within this sector will cause carbon leakage, as most industrial goods are tradable. 

Carbon leakage implies that local industry in response to such regulation might lose international 

competitiveness, reduce their labor force, or exit to regions with less strict regulation (Barker et 

al. 2007).  

      This paper estimates the effect of the emission tax exemptions for the Swedish industrial sector 

starting in 1992 on CO2 emissions from fossil fuel combustion from this sector. The cost of fossil 

fuel combustion in Sweden is affected by three taxes; the CO2 tax, the general energy tax, and the 

sulfur tax.3 However, the concern for the local industry has influenced the design of these taxes, 

leading to exemptions for the industrial sector (Prop. 1991/92:150). Except for a special reduction 

                                                
1 Emission tax is used in this paper as a generic name for any tax that increases the cost of emissions created through 

industrial or commercial processes. 
2 Globally, over 30% of total emissions can be traced to the industrial sector (IPCC 2014). In Sweden, the industrial 

sector is the second-largest source of CO2 emissions after the transport sector. In the period 1980–2005, the industrial 

sector was responsible for almost 25 percent of total annual CO2 emissions in Sweden (IEA 2020). 
3 In 2019, the energy tax, sulfur tax and carbon tax combined were responsible for 95% of the total emission tax 

revenue in Sweden (Statistics Sweden 2020). 
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rule,4 the industrial sector faced the same emission tax rate as other sectors until 1992 (Swedish 

Tax Agency 2020a). However, in 1992, the CO2 tax rate, being initially the same for all sectors, 

was reduced to 25% of the standard tax rate for the industrial sector (Swedish Energy Agency and 

Swedish EPA 2004). This drop in tax rate was further emphasized in 1993 when the industrial 

sector was completely exempt from the energy tax on fuels. Thus, the industrial sector faced a 

significantly lower total tax rate on fuel combustion than the rest of the sectors in the economy 

from 1992 and onward. Moreover, the industrial sector ended up facing a lower total emission tax 

rate from 1992 and onward compared to before 1991 (Swedish Tax Agency 2020a). 

      The contribution of this paper is twofold. Firstly, most previous studies use the introduction of 

an emission tax to investigate the effect on emission in either the whole economy or from non-

exempt sectors and finds that emission taxes indeed have a negative effect on emissions. However, 

even though tax exemptions for energy- and trade-intensive sectors are a common feature of 

current emission taxation designs, there is to the author’s knowledge no previous empirical 

research on their effect on emissions. Previous literature studying the effect on emissions of tax 

exemptions is scarce and either relies on theoretical models to estimate the treatment effect or use 

tax exemptions to explain their empirical results. This paper instead explicitly estimates the 

treatment effect of emission tax exemptions on CO2 emissions with an empirical method. The 

estimation is done by looking at the introduction of emission tax exemptions for an exempt sector 

(i.e. Swedish industrial sector) affected its emissions. This is of interest since the industrial sector 

is a significant emitter globally and often enjoys exemptions in current emission taxation designs. 

      Secondly, much of the previous empirical literature relies on the differences-in-differences 

(DiD) estimator for estimating the treatment effect. When using DiD, finding single comparison 

units that represent a suitable comparison to the treated unit can be difficult. The current paper 

instead uses the Synthetic Control Method (SCM) to estimate the treatment effect empirically. 

Utilizing panel data of sector disaggregated CO2 emissions and its key predictors, a counterfactual 

control unit, a "synthetic Sweden", is constructed. Synthetic Sweden is composed of a weighted 

combination of OECD countries that did not implement any emission tax reforms during the 

                                                
4 For a firm that uses fuel in industrial processes, upon application, the tax authority may allow that the total energy 

and CO2 tax is limited to a certain percentage of the total sales value of the firm’s product. This rule was in place 

between 1974 until 1993, with the percentage varying between 3.0% to 1.2% (SFS 1974:992, chapter 1, paragraph 2). 

The size of the total reduction was largest in 1982, being 829,3 million SEK at 1989 prices. However, even when the 

tax reduction was largest, it represented less than 10% of total energy tax revenues (around 9 billion in 1982) (SOU 

1989:82). 
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treatment period. Synthetic Sweden resembles Sweden regarding several key predictors of CO2 

emissions in the industrial sector and has similar levels and paths of these emissions, thus 

constituting a convincing counterfactual. With the relative contribution of the control countries 

being explicit, the assessment of the identifying assumptions is transparent.  

      An estimation of the causal treatment effect is obtained by comparing the outcome in Sweden 

and its synthetic counterfactual after treatment. This paper estimates that the treatment effect of 

the 1992 tax exemptions was an increase in emissions from the Swedish industrial sector of 34.8 

percent, or 392.0 kiloton CO2 equivalent (ktCO2e) per capita in an average post-treatment year 

compared to the counterfactual. The main result is robust to various forms of placebo and 

robustness tests, including comparing the treatment effect in Sweden to iteratively generated 

placebo treatments in the donor pool countries and altering the sample composition.  

      The remainder of the paper is organized as follows. Section 2 reviews previous research related 

to the current paper. Section 3 describes the Swedish tax system on fossil fuel combustion and the 

industrial sector exemptions in detail. Section 4 describes the research methodology and the data. 

Section 5 reports the empirical results. In Section 6, the main results are subjected to placebo and 

robustness tests. Section 7 discuss the result in relation to previous literature and potential caveats 

of the study. Section 8 concludes. 
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2  Literature review 

Designing tax policy to address undesired environmental outcomes (like CO2 emissions) from 

production is a long-standing question in economics. Arthur Cecil Pigou (1920) suggested using 

so-called Pigouvian taxes to deal with these undesired negative externalities, and William Baumol 

(1972) pointed out the difficulties in finding the optimal tax level for curbing such externalities. 

This paper contributes to the literature in empirically investigating the response of a production 

sector (the industrial sector) to a change in the Pigouvian tax design (emission tax exemptions) 

regarding a negative externality (CO2 emissions). 

      In the literature, the impact of Pigouvian emission taxes on emissions is commonly estimated 

using computable general equilibrium (CGE) models or other simulation-based exercises (e.g. 

Chen & Hao 2015; Ding et al. 2019; Garella et al. 2019; Niu et al. 2018; Pereira & Pereira 2019). 

While helpful, general equilibrium models make simplifying assumptions regarding, for example, 

the representative agents’ behavior and the dynamics in the economy. The theoretical literature 

should therefore be complemented with empirical evidence. Previous empirical literature, in 

general, shows a negative effect of emission taxes on emissions, as one intuitively would expect. 

For example, Andersson (2019) finds a negative impact of the 1991 Swedish CO2 tax on CO2 

emissions from transport fuels, and both Rivers & Schaufele (2015) and Metcalf (2019) find a 

negative effect of the 2008 British Columbia carbon tax on gasoline demand and emissions 

respectively.  

      Most empirical studies of the effect of Pigouvian tax design on emissions focus on either the 

overall effect (e.g. Metcalf 2019; He et al. 2019) or the effect on non-exempt sectors (e.g. Martin 

et al. 2014; Andersson 2019) of emission taxation. However, a common feature of current emission 

taxation designs is various tax exemptions, most commonly for energy-intensive industries and 

industries facing international competition (Ekins and Speck 1999; Venmans et al. 2020; Baranzini 

et al. 2000). These exemptions often stem from the concern for carbon leakage.5 Carbon leakage 

theoretically occurs when unilateral domestic emission mitigation action in one country leads to 

increases in emissions in countries with less strict mitigation policies (Barker et al. 2007). Local 

industries could then lose international market shares to the benefit of competitors with less strict 

regulations, leading to higher emissions from these competitors. Alternatively, local industries 

                                                
5 The evidence for carbon leakage is still limited, although the literature on carbon leakage estimation is quite rich 

(Arlinghaus 2015). 
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could respond to an increase in local fossil fuel prices resulting from mitigation policies by 

reallocating production to regions with less strict regulations, leading to higher emissions in those 

regions (Barker et al. 2007; Reinaud 2008).          

      The literature focusing explicitly on the effect of emission tax exemptions on emissions is quite 

thin. Previous studies either rely on (i) theoretical models or (ii) use tax exemptions to explain 

their empirical results.  

      Regarding the former case (i), Liang et al. (2007) evaluate the impact of a theoretical carbon 

tax in China under four different carbon tax schemes. They find that compared to the scenario with 

no tax exemptions, the scenario with tax exemptions for energy- and trade-intensive sectors 

increases CO2 emissions while positively affecting output. This result is in line with other 

theoretical papers studying the effect of carbon taxes on the local economy. For example, Bruvoll 

& Larsen (2004) attribute the relatively small effect the Norwegian carbon tax has had on 

emissions to the extensive tax exemptions for several industries with high emissions. Van Heerden 

et al. (2016) find that the planned tax exemptions for various sectors from the proposed carbon tax 

in South Africa significantly lessen the tax’s positive effects on emissions.  

      Regarding the latter case (ii), Lin & Li (2011) empirically studies the effect of CO2 taxes on 

emissions in each country that imposed these taxes in the 1990s, i.e. Denmark, Finland, the 

Netherlands, Norway, and Sweden. These countries have different carbon tax designs regarding, 

for example, exemptions for energy-intensive industries. The authors find the largest (and only 

significant) negative effect on emissions in Finland, which they attribute to Finland having the 

least exemptions of the five countries studied.  

      Thus, the current literature points to Pigouvian emission taxes having an overall negative effect 

on CO2 emissions and that more exemptions from these taxes worsen the emission abatement 

effect. The current paper contributes to the literature in two ways. 

      Firstly, this paper expands and deepens the research perspective of the emission effects of 

emission taxation. The previous empirical literature has largely focused on the effect of emission 

taxes on emissions in either the whole economy or from non-exempt sectors. Even though 

exemptions from emission taxes are common in current emission taxation designs, previous 

literature has only studied their effect using theoretical methods or used tax exemptions as a 

potential explanation of their empirical results. This paper is the first, to the author’s knowledge, 

to use an empirical method to explicitly investigate the effect of emission tax exemptions on CO2 
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emissions from an exempt sector (i.e. Swedish industrial sector). Estimating the emission effect in 

the industrial sector specifically is in itself of interest since this sector is a significant contributor 

to CO2 emissions worldwide (IPCC 2014). 

      Secondly, this paper contributes to the literature by enriching the research methods of existing 

literature. Most of the previous empirical literature uses either a DiD approach or a panel fixed 

effects framework to investigate the emissions impact of emission taxes (e.g. Lin & Li 2011; 

Martin 2014; Rivers & Schaufele; He 2019; Metcalf 2019). To date, there are a few studies using 

the SCM to estimate the treatment effect of CO2 taxation (e.g. Andersson 2019) but none that uses 

it to investigate the impact of emission tax exemptions. 
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3  Taxation on fossil fuel combustion in Sweden  

Energy taxation has a long history in Sweden. In 1957, Sweden introduced the first tax on fossil 

fuel combustion– the general energy tax on fuels– motivated mainly by governmental fiscal needs 

(Prop. 1957:175). All energy sources used for engines and heating, except most biofuels, were 

subjected to the tax. The energy tax on coal was 12 SEK/ton and on fuel oil was 25 SEK/m3, or 16 

SEK/m3, depending on environmental classification (Prop. 1957:175). However, natural gas was 

exempted from the energy tax until 1985, when it faced a 0.308 SEK/m3 of energy tax (Bet. 

1984/85:19). Thus, the energy tax has been differentiated by fuel type based on environmental 

classification and, in some cases, on the use of the fuel (SFS 1994:1776, chapter 2).6 

      In 1991, Sweden conducted a larger tax reform– popularly known as the “tax reform of the 

century” – and introduced the CO2 tax and the sulfur tax (Sterner 1994; Agell et al. 1996). The 

CO2 tax was one of the world’s first CO2 taxes. According to the government directives, its main 

purpose is to reduce emissions from the combustion of fossil fuels (Bohlin 1998). The CO2 tax is 

levied on all fuels depending on their carbon content. It was initially introduced at 0.25 SEK/kg of 

CO2 (around US$30/ton of CO2) and increased in steps to 0.91 SEK/kg of CO2 (around 

US$100/ton of CO2) by 2005 (Swedish Energy Agency and Swedish EPA 2004). As of 2021, 

Sweden has the world’s highest CO2 tax rate of US$119/ton of CO2, according to the World Bank 

(2020).  

      In addition to the CO2 tax, the sulfur tax is levied on fuels whose combustion generates sulfur 

emissions. For liquid fuels (i.e. fuel oils), the tax rate is 27 SEK/m3 for each tenth weight percent 

of sulfur in the fuel.7 For solid or gaseous fuels (i.e. coal or gas), the tax rate is 30 SEK/kg of sulfur 

in the fuel (SFS 1994:1776, chapter 3, paragraph 2). 

      Thus, the total tax rate for fossil fuel combustion is the sum of the energy tax on fuels, the CO2 

tax and the sulfur tax, as shown in Eq. (1). 

 

𝛵𝑡,𝑡𝑜𝑡𝑎𝑙 = 𝛵𝑡,𝑒𝑛𝑒𝑟𝑔𝑦 + 𝛵𝑡,𝐶𝑂2  +  𝛵𝑡,𝑠𝑢𝑙𝑝ℎ𝑢𝑟 . 
(1) 

 

                                                
6 For example, gasoline used in running motorized vehicles, ships, or aircraft is exempt from the energy tax (SFS 

1994:1776, chapter 6a paragraph 1, point 3). 
7 For example, if the liquid fuel has a sulfur percentage of 0.4%/m3, the sulfur tax will be 27 ∗ 4 = 108 𝑆𝐸𝐾/𝑚3. 
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To use fuel oil as an example for calculating the total tax rate on fossil fuel combustion, in 1992, 

fuel oil with environmental classification two and a sulfur percentage of 0,4%/m3 paid a CO2 tax 

rate of 720 SEK/m3, an energy tax rate of 290 SEK/m3, and a sulfur tax rate of 108 SEK/m3. The 

standard total tax rate for the combustion of one m3 of fuel oil with environmental classification 

two was thus 1118 SEK in 1992. 

      The Swedish industrial sector is an important sector for the economy and Sweden’s second-

largest source of CO2 emissions after the transport sector (IEA 2020). At the same time, the sector 

is exposed to international competition to a larger extent than other sectors. Due to the fear of 

carbon leakage and loss of competitiveness, there were calls for exemptions and reductions of the 

emission tax rate for the industrial sector when the CO2 and sulfur taxes came into force (Prop. 

1991/92:150). What is the extent of tax exemption for the industrial sector? 

 

 

Figure 1. Average real tax on fossil fuels for the industrial sector and non-exempt sectors, 1980-

2005. 



9 

Figure 1 shows the real (inflation-adjusted) tax on fossil fuels applied to industrial activities (solid 

line) and non-exempted activities (dashed line) in the period 1980 – 2005 in Sweden.8 The average 

real tax on fossil fuels is an average of the tax on fuel oil, coal, natural gas, and Liquefied Petrol 

Gas (LPG) (Swedish Tax Agency 2020a; Statistics Sweden 2012). The fuels are converted to 

gigajoule (GJ) since they are measured in different units (i.e. SEK/ton or SEK/m3) (EIA 2020).  

      Figure 1 shows that, except for a special reduction rule,9 the industrial sector faced the same 

energy tax rate as other sectors until 1992 (Swedish Tax Agency 2020a). Upon the introduction of 

the CO2 tax in 1991, the energy tax on fuels was reduced for all sectors by around 50%, depending 

on the type of fuel. For example, fuel oil with environmental classification one had the largest 

reduction (to 20% of the standard 1990 tax rate) and Liquefied Petroleum Gas (LPG) had the 

lowest reduction (to 63% of the standard 1990 tax rate). In 1992, the CO2 tax rate, being initially 

the same for all sectors, was reduced to 25% of the standard tax rate for the industrial sector 

(Swedish Energy Agency and Swedish EPA 2004). The reduction of the standard CO2 tax rate for 

the industrial sector has varied in size over time, being between 21% to 50% of the standard tax 

rate in the period 1992 to 2005 (Swedish Energy Agency and Swedish EPA 2004; Normand & 

Sahlin 2006). Furthermore, in 1993 the industrial sector was completely exempt from the energy 

tax on fuels and electricity,10 replacing the earlier special reduction rule (SOU 1997:11). Thus, the 

industrial sector faced a significantly lower total tax rate on fuel combustion than the rest of the 

sectors in the economy from 1992 and onward. In fact, the industrial sector ended up facing a 

lower total emission tax from 1992 and onward compared to before 1991 (Swedish Tax Agency 

2020a).11 

                                                
8 The real tax is inflation-adjusted at 2005 prices. The total tax is the sum of CO2 tax, energy tax on fuels and sulfur 

tax.  
9 For a firm that uses fuel in industrial processes, upon application, the tax authority may allow that the total energy 

and CO2 tax is limited to a certain percentage of the total sales value of the firm’s product. This rule was in place 

between 1974 until 1993, with the percentage varying between 3.0% to 1.2% (SFS 1974:992, chapter 1, paragraph 2). 

The size of the total reduction was largest in 1982, being 829,3 million SEK at 1989 prices. However, even when the 

tax reduction was largest, it represented less than 10% of total energy tax revenues (around 9 billion in 1982) (SOU 

1989:82). 
10 Regarding the exemptions from the energy tax, the current paper focus on the energy tax on fuels and does not 

consider the effect of the energy tax on electricity, since the electricity generation for the Swedish industrial sector is 

almost entirely non-dependent on fossil fuels (see appendix A for more details). 
11 Except for the industrial sector, there are exemption rules in a couple of other sectors as well. Diesel and fuel oils 

used in commercial water transport and rail traffic, and aviation petrol and aviation kerosene are exempt from the CO2 

tax. Fuel used in commercial water transport, by rail traffic, and aviation kerosene consumption is also exempt from 

energy tax (Statistics Sweden et al. 2003). 
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      Figure 1 shows that the real tax rate on fossil fuels increases from 1980 to 1990, reaching a 

peak in 1991. In 1992 there is a sharp decline in the industrial sector emission tax rate following 

the partial exemption from the CO2 tax and the full exemption from the energy tax in 1993. In 

1998 there is an increase in the tax rate after the CO2 tax reduction for the industrial sector is 

lowered from 25% to 50% of the normal tax rate. Recall that the standard total tax rate for the 

combustion of one m3 of fuel oil with environmental classification two was 1118 SEK in 1992. 

The same tax rate for the industrial sector was 578 SEK/m3.12 In 1993 after the complete energy 

tax exemption for the industrial sector, the standard tax rate was 1318 SEK/m3 compared to 338 

SEK/m3 for the industrial sector. This pattern is the same for the combustion of all forms of fossil 

fuels (Swedish Tax Agency 2020a).13 In light of these exemptions, what is the effect of the reduced 

emission tax rate on emissions from the industrial sector? 

 

 

 

 

 

 

 

 

 

 

  

                                                
12 𝛵𝑡,𝑡𝑜𝑡𝑎𝑙 = 𝛵𝑡,𝐶𝑂2 +  𝛵𝑡,𝑒𝑛𝑒𝑟𝑔𝑦 +  𝛵𝑡,𝑠𝑢𝑙𝑝ℎ𝑢𝑟 = 720 ∗ 0,25 + 290 + 108 = 578 𝑆𝐸𝐾/𝑚3. 
13 In 1991 (with the introduction of the CO2 tax and Sulfur tax) the total tax on fossil fuels was raised by an average 

of 74% compared to 1990. However, in 1992 it was reduced to 91% of the 1990 tax rate, and in 1993 to 54% of the 

1990 tax rate (Swedish Tax Agency 2020a and Swedish Energy Agency 2008). 
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4  Method 

4.1. Empirical model 

The method for casual inference used in this paper, the synthetic control method (SCM), was 

originally established by Abadie & Gardeazabal (2003) and extended in Abadie et al. (2010). In 

the current case, the SCM is used to estimate the counterfactual situation of CO2 emissions from 

the Swedish industrial sector in the absence of the 1992 emission tax exemptions. The 

counterfactual is estimated by constructing a synthetic counterpart (i.e., synthetic Sweden) out of 

untreated control units that are structurally similar to Sweden. By comparing the actual outcome 

in Sweden with the estimated counterfactual, causal inference is obtained, given that the 

identifying assumptions hold. 

      The Synthetic Control Method (SCM) builds on the differences-in-differences (DiD) method. 

The DiD estimator obtains the treatment effect by comparing an outcome in a treatment group and 

a control group before and after treatment, where the treatment could be any exogenous shock (for 

example, a policy intervention). However, the causality of this approach depends on if the outcome 

in the control group is a valid counterfactual for what would have occurred in the treatment group 

in the absence of the treatment. This, in turn, depends on two assumptions; (i) “common shocks” 

and (ii) “parallel trends”. (i) Common shocks refer to the assumption that events during the study 

period affect the treatment and control groups equally, and (ii) parallel trends refers to the 

assumption that the two groups would have equal trends in the post-treatment period if not for 

treatment. These assumptions are equivalent to assuming that there are no unobserved 

confounders. A confounder in a difference‐in‐differences setting is any variable affecting both the 

treatment assignment and the change in the outcome over time (Daw & Hatfield 2018). 

      In the current case, these assumptions imply that to obtain casual inference, the chosen control 

unit should represent what would have happened to the CO2 emissions in the industrial sector in 

Sweden (the outcome) in the absence of the emission tax exemptions (the treatment).  

      A drawback to the DiD-method is that, in practice, it might be hard to find a single suitable 

control unit whose outcome path follows the treatment group in the pre-treatment period in a 

sufficiently parallel fashion to make the common shocks and parallel trends assumptions credible. 

This is true in the current case, where no single country mirrors the pre-treatment trend of industrial 
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sector CO2 emissions in Sweden (see appendix B). When these assumptions do not hold, the DiD 

estimator will be biased. 

      Instead of relying on finding one ideal control unit to constitute the counterfactual, the SCM 

uses a group (a donor pool) of untreated units to construct an ideal counterfactual unit (synthetic 

Sweden). By using a weighted combination of the untreated units from the donor pool, synthetic 

Sweden is constructed so that before the treatment, ideally, it resembles Sweden regarding levels 

and paths of, in the current case, CO2 emissions in the industrial sector and a number of chosen 

key predictors of the outcome. The SCM improves upon the DiD by allowing the effects of 

unobserved confounders on the outcome variable to vary over time (Abadie et al. 2010). The 

intuition is that only units that are similar in both observed and unobserved predictors of the 

outcome as well as in the effect of those predictors on the outcome should produce similar paths 

of the outcome variable over extended periods of time. That is, the closer the synthetic control unit 

can match the treated unit regarding the pre-treatment levels and path of the outcome and its key 

predictors over an extended time, the more credible it seems for the common shocks and parallel 

trends assumptions to hold. Given that these assumptions hold, the casual treatment effect is 

obtained by comparing the divergence between Sweden and synthetic Sweden for each period after 

treatment (Abadie et al. 2015). 

      Formally, assume a balanced panel sample of j = 1, 2, … , J+1 countries during 𝑡 = 1, 2, … , T 

time periods (i.e. all units are observed at the same time periods). Assume further that the treatment 

takes place at time T0, giving a positive number of pre-treatment periods Tpre = 1, 2, … , T0-1 and 

a positive number of post-treatment periods Tpost = T0, … , T, with T = Tpre + Tpost. One country 

(Sweden in the current case), j = 1, is treated after time-period T0, leaving a donor pool of J 

untreated countries that did not implement any emission tax reforms during the sample period 𝑇. 

Hence, treatment is D = 1 if j = 1 and t > T0, and D = 0 otherwise.  

      The goal of this paper is to measure the effect of the treatment on the postintervention outcome 

of interest. Let 𝑦j=1,𝑡≥𝑇𝑜(1) and 𝑦j=1,𝑡≥𝑇𝑜(0) denote the outcomes for the treated country after the 

intervention in the cases with and in the absence of treatment, respectively. The treatment effect 

τj=1,t≥T0
 for country j = 1 is defined as: 

 

τj=1,t≥T0
= yj=1,t≥T0

(1) −  yj=1,t≥T0
(0) . 

(2) 
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The problem faced is that the outcome for the treated country in the absence of treatment, the 

counterfactual 𝑦𝑗=1,𝑡≥𝑇𝑜(0), is unknown.  

     The idea of the SCM is that the treated unit can often be more accurately approximated by a 

combination of untreated units than by any single untreated unit. Since all countries in the donor 

pool are untreated, Abadie (2010) proposes to define a synthetic control group as a weighted 

average of the units in the donor pool. The synthetic control group representing the counterfactual 

is thus constructed by a (J ×  1) vector of weights 𝑾 = (𝑤2, …, 𝑤J+1)’ for j = 2, 3, … , J. The 

weights are restricted to a [0,1] range, to be non-negative: wj =  ϵ[0,1] and sum to one: 

∑ wj = 1
J
j=1 . The counterfactual is then estimated by: 

 

 

yj=1,t≥T0
(0)̂ =  ∑[wjYj,t≥T0

]

J+1

j=2

 . 

 

(3) 

 

The estimate of the treatment effect, τj=1,t≥T0
̂ , is thus obtained by:  

 

 

τj=1,t≥T0
̂ =  yj=1,t≥T0

(1) −  ∑[wj
∗Yj,t≥T0

]

J+1

j=2

 , (4) 

 

for Tpost = T0 , … , T .  

      The optimal weights wj
∗ for each country in the donor pool is obtained by a data-driven 

procedure that chooses the weights that makes the synthetic control unit best resemble the treated 

unit regarding the key predictors of the outcome. To calculate these weights, let 𝑿𝟏 be a (k ×  1) 

vector of values of the predictors of the outcome for the treated country and 𝑿𝟎 be a (k ×  J) 

vector of values of the predictors of the outcome for the J untreated countries. The (J ×  1) vector 

of weights 𝑾* = (w2
∗  , …,wJ+1

∗ )’ are then chosen by minimizing the distance ‖𝑿𝟏 − 𝑿𝟎𝑾‖. More 

formally, let’s define the predictors of the outcome as m= 1, 2, ... , k and let X1m be the value of 

the m-th predictor for the treated unit and let X0m  be a (J ×  1) vector containing the values of the 

m-th predictor for the units in the donor pool. The optimal weights W* are then obtained by finding 

the value of 𝑾 that minimizes Eq. 5 subject to t ≤T0, 𝑤𝑖 ∈ [0,1] and ∑Ii=1 𝑤𝑖 = 1. 
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∑ 𝜐𝑚(𝑋1𝑚  −  𝑋0𝑚𝑊∗)2

𝑘

𝑚=1

 . 

 

(5) 

 

When the optimal country weights 𝑾* are obtained, the only thing left is to calculate υm, which 

is the weight reflecting the relative importance of the m-th predictor when measuring the difference 

between 𝑿𝟏 and 𝑿𝟎𝑾 (Abadie et al. 2015).  Let V be a matrix that reflects the relative importance 

assigned to each predictor of industrial sector CO2 emissions (υm). V is commonly selected to 

weight the predictors according to their predictive power of the outcome (Abadie et al. 2010; 

Abadie & Gardeazabal 2003). To assign larger weights to the predictors with larger predictive 

power on industrial sector CO2 emissions, V* is chosen as the value of V that minimizes the mean 

square prediction error (MSPE) for industrial sector CO2 emissions in the entire pre-treatment 

period:  

 

 

𝑀𝑆𝑃𝐸(𝑌) =  
1

𝑇0
∑ [(𝑌𝑖=1,𝑡 − ∑ 𝑤𝑖

∗(𝑉)𝑌𝑖𝑡

𝐼

𝑖=1

)

2

]

𝑇0

𝑡=1

 . 

 

(6) 

 

The weights for the synthetic control group are then given by W* = W*(V*). In other words, Eq. 

(6) is minimized for the W* given by Eq. (5).  

      The credibility of the synthetic control estimator is based on the ability of synthetic Sweden to 

track the trajectory of the outcome variable for Sweden in the pre-treatment period, as well as 

synthetic Sweden’s ability to match Sweden regarding the pre-treatment values of the key 

predictors of the outcome. Given that synthetic Sweden sufficiently matches Sweden regarding the 

CO2 emissions outcome and its key predictors in the pre-treatment period before 1992, it seems 

more plausible that unobserved and time-varying confounders affect Sweden and synthetic 

Sweden in a similar way, thus not biasing the estimator (Andersson 2019).  

      There is a concern that the choice of the donor pool and the key predictors are arbitrary (see 

section 4.2 for a discussion on the inclusion of control countries and predictors). However, once 

the donor pool is established, the construction of synthetic Sweden is a data-driven procedure with 

the assignment of country weights being explicit and transparent. With the relative contribution of 
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each control unit in the synthetic counterfactual being explicit, it allows for a comparison of the 

similarity between the constructed synthetic control unit and the treated unit regarding, for 

example, the pre-treatment outcome. This makes the assessment of identifying assumptions (i.e. 

common shocks and parallel trends) more transparent. 
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4.2. Data 

To empirically estimate the effect of the emission tax exemptions in 1992 on CO2 emissions from 

the industrial sector, annual panel data on total CO2 emissions from fuel combustion from the 

industrial sector is used. The data is gathered from the International Energy Agency (2020a) for 

24 OECD countries, including Sweden, for the 1980–2005 period. The industrial sector is 

aggregated by the subsectors corresponding to sections B 05–09 (Mining and quarrying) and C 

10–33 (Manufacturing) in ISIC rev. 4 (IEA 2020; United Nations 2008). Total CO2 emissions are 

measured in kiloton CO2 equivalent (ktCO2e) from fuel combustion. 

      The year 1980 is chosen as the first year in the sample period because of data availability; it 

was not possible to obtain emissions data disaggregated by sector before 1980. 2005 is chosen as 

the last year of the sample period as it marked the start of the European Union Emissions Trading 

System (EU ETS), which is a major pillar of the EU climate change policy and is currently the 

largest GHG emissions trading scheme in the world (European Commission 2021). The sample 

period thus yields 11 years of pre-treatment data and 15 years of post-treatment data. I consider 15 

years enough post-treatment time to evaluate the effect of the policy changes and 11 years enough 

time to evaluate the pre-trend. 

4.2.1. The donor pool 

When using the SCM, the comparison units are meant to approximate the counterfactual of the 

outcome in the treated unit without the intervention. Therefore, it is important to restrict the units 

in the control group (the donor pool) to units whose outcomes seem likely to be driven by the same 

structural process as for the treated unit during the study’s sample period (Abadie et al. 2015).14 

Therefore, the initial list of countries considered in the donor pool consists of the other OECD 

members at the start of the sample period in 1980. These are (excluding Sweden) Australia, 

Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, 

Japan, Luxemburg, Netherlands, New Zealand, Norway, Portugal, Spain, Switzerland, Turkey, the 

United Kingdom, and the United States. 

                                                
14 Constructing a convincing counterfactual unit from the untreated units in the donor pool requires that the treated 

unit is not an outlier in terms of the pre-treatment outcome trend. Choosing a donor pool of control units that are 

structurally similar to the treated unit might lower the risk of the treated country having a level or path of the pre-

treatment outcome that is too dissimilar from the control units. 
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      From the initial sample of 23 control countries, countries that enacted any emission tax reforms 

affecting the industrial sector during the sample period is excluded. This excludes Finland, 

Norway, and Denmark that all implemented CO2 taxes during the sample period. It further 

excludes Germany and Italy that both adopted an emission tax reform in 1999, Netherlands that 

reformed its general fuel tax in 1992 and introduced the regulatory tax on energy in 1996 (Bosquet 

& Hoerner 2001), and United Kingdom that introduced the Climate Change Levy (CCL) in 2001 

(The Climate Change Levy (General) Regulations 2001). 

      Ireland, Luxembourg, and Turkey are excluded to avoid the interpolation bias, which might be 

induced by including countries in the donor pool that are very different from Sweden regarding 

important characteristics (Abadie et al. 2015). Luxembourg is excluded for being an outlier in 

terms of the outcome variable. In the pre-treatment period, Luxembourg has, on average, more 

than five times higher per capita CO2 emissions from the industrial sector than the next highest 

emitter in the sample, which is Canada. Similarly, Turkey is omitted because it has average per 

capita emissions in the pre-treatment period that are almost half the size of the next lowest emitter 

in the sample, which is Portugal. Ireland is excluded because of its unique economic expansion in 

the 1990s that almost quadrupled its GDP per capita during the sample period. This rapid economic 

expansion is unlike Sweden's and most other donor countries' development during the same 

period.15 However, as will be clear in the result section, the main results are unaffected by whether 

or not Ireland, Luxembourg, or Turkey are included in the sample since these three countries all 

obtain zero weight in synthetic Sweden.16 

      In the end, the donor pool of control units consists of 13 countries: Australia, Austria, Belgium, 

Canada, France, Greece, Iceland, Japan, New Zealand, Portugal, Spain, Switzerland and the United 

States.  

4.2.2. The key predictors 

To create the counterfactual, the countries in the donor pool are weighted to construct a synthetic 

Sweden that best resembles the level and path of the outcome as well as the values of the predictors 

of outcome in Sweden in the pre-treatment period. Therefore, the choice of predictors is a 

                                                
15 Norway has a similar rapid economic expansion driven in large parts by their oil discoveries in the 1970s (Grytten 

2008). 
16 Furthermore, section 6.2. shows that the estimated treatment effect obtained from the SCM is not driven by any 

single country in the donor pool. 
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fundamental part of the estimation task (Abadie 2019). The predictors used in this paper are chosen 

based on previous literature and economic theory.  

      A commonly studied predictor of CO2 emissions is economic growth or GDP per capita. 

However, although extensively estimated in environmental economics, there is no consensus on 

the exact characteristics of this relationship (Özcan & Öztürk 2019). Instead, the relationship 

between CO2 emissions and economic growth seems to be complex and differ across countries 

and over time. With this said, in general, most recent studies of advanced economies find that GDP 

positively affects CO2 emissions. For example, Mikayilov et al. (2018) find a positive but time-

varying relationship between CO2 emissions and GDP in 12 Western European countries in the 

period 1861 to 2015. Similarly, a positive relationship is also found by Chen et al. (2018) in their 

study of 30 OECD countries in the 2001-2015 period and by Zakari et al. (2021) when studying 

22 OECD countries in the 1985-2017 period.  

      Another approach of investigating whether emission levels are connected with development 

levels is to use some measure of the industrial structure as a predictor of emissions. Like Shi 

(2003), some earlier studies use structural shares (like manufacturing's share of GDP) as measures 

of economic structure to predict CO2 emissions. However, using shares of industrial activity to 

explain aggregate emissions is not optimal since a declining share of economic activity from an 

industry sector does not necessarily mean that the level of such activity has fallen. Liddle and Lung 

(2010) instead use energy intensity defined as industry energy consumption divided by industry 

output as a predictor of CO2 emissions and find that countries with higher energy intensity in their 

industry sectors have higher (aggregate) carbon emissions. Similarly, Hocaoglu & Karanfil (2011) 

explain CO2 emissions with industrial activity in the G-7 countries by using a model with industrial 

value-added to GDP as the underlying process. As their model performs well in tracking per capita 

CO2 emissions, they conclude that, even though the share of industry in GDP is decreasing, 

industrial production still seems to be the driving force of CO2 emissions in the G-7 countries.  

      Related to the theory of the EKC is the prediction of endogenous growth theory that 

technological progress could lead to greater efficiency in production and the use of natural 

resources and energy, reducing the burden on natural resources and emissions (Dinda, 2004; 

Komen et al., 1997).  One way of measuring technological progress is by looking at investment in 

research and development (R&D). For example, Churchill et al. (2019) study the relationship 

between R&D expenditures and CO2 emissions in the G7 countries over the 1870-2014 period. 
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They find that an increase in R&D intensity is associated with a significant reduction in CO2 

emissions in each of the seven countries after the second world war. An alternative indicator for 

technology progress is Total Factor Productivity (TFP). For example, Altinoz et al. (2020) find 

that TFP has a negative impact on carbon emissions when looking at the top 10 emerging market 

economies from 1995 to 2014. In the current literature, the relationship between TFP and 

emissions has been mostly studied in emerging economies, while the negative relationship between 

R&D expenditures and emissions has been established to a greater extent in advanced economies. 

Therefore, since the sample in this paper consists of OECD countries, R&D expenditure is 

primarily chosen as a proxy for technological progress.17 

      Lastly, the population size is also commonly considered in the literature as a predictor of CO2 

emissions. It makes intuitive sense that a larger population would require larger energy use, likely 

leading to more emissions. For example, Shi (2003) shows that a 1% increase in global population 

results in a 1% increase in emissions. However, he finds that the impact of population size on 

emissions is more important in developing countries than in developed countries. Similarly, Fan 

et al. (2006) find that the impact of population on total CO2 emissions in both high- and low-

income countries is quite large. Furthermore, they find that the impact of the share of people in the 

working-age (age 15–64) on CO2 emissions is large in these countries. However, the urbanization 

level does not seem to be an important driver of CO2 emissions. For example, both Liddle and 

Lung (2010) and Lin & Li (2011) find an insignificant impact of urbanization on aggregate CO2 

emissions.       

      According to the existing studies on factors affecting CO2 emissions, the predictors chosen in 

this study are (1) GDP per capita, (2) gross domestic expenditure on Research and Development 

(R&D), (3) the share of working population (ages 15-64) and (4) energy intensity.18 The country 

population does not appear as an explanatory variable as it is controlled for by looking at the 

industrial sector CO2 emissions per capita. Also, since the credibility of a synthetic control 

                                                
17 However, as is evident in appendix D, the main result is largely unchanged when substituting R&D expenditure for 

TFP as a measure for technological progress. 
18 GDP is measured as output-side real GDP at chained PPPs in millions 2017 US$ (Feenstra et al. 2015). Gross R&D 

expenditure is measured in constant PPP-adjusted prices (millions 2015 US$) (OECD 2021b). Data on the share of 

working population comes from (OECD 2021a). Energy intensity is calculated by dividing total energy consumption 

in the industrial sector by the industrial sector’s contribution to GDP. Total energy consumption in the industrial sector 

is measured in terajoule (TJ) (International Energy Agency 2020c) and the industrial sector’s contribution to GDP is 

measured by multiplying the industrial sector’s share of GDP by real GDP (World Bank 2021b; Feenstra et al. 2015) 
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estimator depends on its ability to track the trajectory of the outcome variable for the treated unit 

for an extended pre-intervention period, three pre-intervention values of the outcome variable are 

included as predictors for the outcome (Abadie 2019).19 

       

                                                
19 There is a concern that the chosen predictors are arbitrary. However, I did experiment with additional predictors- 

like urbanization level (World Bank 2018) and energy price (International Energy Agency 2020b)- but their inclusion 

did not change the main result significantly. Also, I experimented with different numbers and values of the pre-

intervention outcome as predictors, but it did not alter the main result substantially either. 
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5  Result 

As described in section 4, the goal of the SCM is to construct a credible counterfactual of the 

outcome in Sweden, a synthetic Sweden, using a weighted combination of untreated countries. 

The optimal country weights are generated by a data-driven process with only the choice of 

countries for the donor pool and the choice of key predictors being subjective.20 Table 1 reports 

the country weights of synthetic Sweden in the current case. The outcome in Sweden is best 

reproduced by a combination of France, the United States, Japan, and Switzerland (with weights 

decreasing in this order).21 

 

Table 1. Country weights in synthetic Sweden.  

 

The identification assumption is that synthetic Sweden provides the path of industrial sector CO2 

emissions from 1992–2005 in Sweden in the absence of the emission tax exemptions. To increase 

the credibility of this assumption, ideally, synthetic Sweden should be able to reproduce the pre-

treatment values of the key predictors of industrial sector CO2 emissions in Sweden. Table 2 

compares the values of these predictors for Sweden before 1992 with the same values for synthetic 

Sweden and an average of the 13 OECD countries in the donor pool. All variables in Table 2 have 

been averaged over the entire pre-treatment period. Overall, the optimally chosen weights for the 

donor pool do a quite good job of replicating the values of the predictors in Sweden during the 

                                                
20 The SCM results are obtained using the synth package in Stata (Abadie et al. 2011). To get more robust results, 

calculations are done using the allopt and the nested option (Becker & Klößner 2018). 
21 It is a concern that France receives such a large weight. However, as will be clear in the robustness tests in section 

6, the results are not overly sensitive to the exclusion of France.  
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sample period. Importantly, synthetic Sweden represents a better fit than the OECD average for 

all predictors (except energy intensity). The predictors are weighted (the V matrix) 22 as follows: 

GDP per capita (59%), gross R&D expenditure (28%), working population (1%), energy intensity 

(2%), and log CO2 emissions from the industrial sector in 1989 (3%), 1985 (6%), and 1981 (1%).23 

It is promising to see that synthetic Sweden represents a much better fit regarding GDP per capita 

and R&D expenditure compared to the OECD mean since these two predictors receive large 

weights in the predictor balance. The poor fit of energy intensity could be because Sweden has 

almost twice the average energy intensity of France and Japan in the pre-treatment period and more 

than three times the average energy intensity of Switzerland. Together these three countries make 

up almost 83% of synthetic Sweden. However, since energy intensity receives quite a small weight 

in the predictor balance, the poor fit does not seem alarming.  

 

Table 2. Pre-treatment means of predictors of CO2 emissions from the industrial sector. 

 

 

Except for being able to reproduce the key predictors of the outcome, to further strengthen the 

credibility of the identifying assumption of synthetic Sweden as a valid counterfactual to Sweden, 

                                                
22 It is a concern that GDP per capita and R&D expenditures receives such large weights in the V matrix. As noted in 

Abadie (2019), researchers should aim to demonstrate that their results are not overly sensitive to particular choices 

of predictors. Therefore, in appendix C, the main model is specified when GDP per capita is excluded as a predictor, 

and in appendix D, the main model is specified when using Total Factor Productivity (TFP) instead of R&D 

expenditures as a predictor. These exercises leave the main result largely unchanged. 
23 I tried different number and combinations of lagged CO2 emissions, but none gave a better fit pre-treatment or 

changed the W weights or main result substantially. 
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synthetic Sweden should ideally be able to track CO2 emissions from the industrial sector in 

Sweden in the pre-treatment period. Figure 2 plots the path of industrial sector CO2 emissions in 

Sweden (bold line) and synthetic Sweden (dashed line).24 As a comparison, Figure 3 shows 

emissions in Sweden (bold line) versus the average of the 13 control countries during the sample 

period (dashed line). Compared to using the OECD mean for the counterfactual, synthetic Sweden 

represents a clear improvement, with the pre-treatment emissions from the industrial sector in 

Sweden and its synthetic counterpart tracking each other closely. Sweden and synthetic Sweden 

track each other very closely until 1990, at which point synthetic Sweden cannot perfectly 

reproduce the slight increase and the subsequent decrease in 1991 of industrial sector emissions. 

Therefore, the main result might be slightly biased upward, with the emission increase being larger 

than would have been the case if synthetic Sweden would have been able to successfully reproduce 

the industrial sector emissions in Sweden until the treatment date.   

 

 

Figure 2. Per capita CO2 emissions from the industrial sector, 1980–2005: Sweden versus synthetic 

Sweden. 

                                                
24 The time series of CO2 emissions from the industrial sector is logarithm transformed to stabilize the variance of the 

time series and generate a higher degree of stationarity. I also estimated a linear model, with the qualitative conclusions 

being unchanged and producing estimates which are quantitatively similar to the log–linear model. 
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Figure 3. Per capita CO2 emissions from the industrial sector, 1980–2005: Sweden versus the 

OECD average of the 13 countries in the donor pool. 

After the synthetic counterfactual is established, the economic impact of the Swedish emission tax 

exemptions for the industrial sector is measured by the post-treatment distance between Sweden 

and synthetic Sweden in Figure 2. This distance is further visualized in Figure 4.  
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Figure 4. Gap in per capita CO2 emissions from the industrial sector between Sweden and synthetic 

Sweden. 

Figure 2 and Figure 4 indicate an increase in CO2 emissions from the Swedish industrial sector 

from 1992 and onward, occurring simultaneously as the emission tax exemptions for this sector. 

Table 3. summarizes the estimated treatment effect over time. In an average post-treatment year 

for the 1992–2005 period, CO2 emissions from the industrial sector in Sweden are 34.8 percent,25  

or 392.0 ktCO2e per capita, higher than they would have been in the absence of treatment.26 The 

total estimated cumulative increase in industrial sector emissions in the post-treatment period is 

5864,9 ktCO2e per capita.  

      in from this sector. 

                                                
25 To put the treatment effect into perspective, the average real tax rate on fossil fuel combustion (the treatment) was 

28.5 percent lower in an average post-treatment year compared to the average pre-treatment rate.  
26 The difference between Sweden and its synthetic counterfactual decline slightly at the end of the sample period. 

This could be a response to the increase in the emission tax rate for the industrial sector in 1998 (see Figure 1). Section 

6.3 will explore this relationship in further detail.  
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Table 3. Estimated impact of the tax exemptions on CO2 emissions from the industrial 

sector. 
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6  Placebo and robustness tests 

To evaluate the credibility of the results from the previous section, a series of placebo and 

robustness tests are performed. For the placebo tests, the treatment is reassigned to years other than 

1992 (in-time test) or untreated countries from the donor pool (in-space test). To add certainty to 

the result presented in the previous section, ideally, I would not want to see any large effect of 

either the in-time or the in-space placebo test.  

      For the robustness tests, I check the sensitivity of the main results to changes in the country 

weights, W*. Firstly, synthetic Sweden is iteratively reconstructed from the baseline model, but 

omitting in each iteration one of the countries that received a positive weight in Table 1 (leave-

one-out test). Secondly, the full sample of control countries is included when constructing the 

counterfactual (full sample test). 

      Lastly, there is a concern that unobserved confounders that are not accounted for in the model 

might be driving the result. To increase the confidence of whether the emission tax exemptions for 

the industrial sector indeed are the main driver of the result, a dose-response test is performed. 

6.1. Placebo tests: in-time and in-space 

For the in-time placebo tests, the year of treatment is shifted to the pre-treatment years 1983, 1986, 

and 1989 respectively. For the three tests, the choice of synthetic control is based only on data 

from 1980-1982, 1980-1985, and 1980–1988, respectively. Figure 5 displays the results of 

applying SCM using the placebo dates. The lightest grey synthetic Sweden corresponds to the 

lightest grey treatment line in 1983, the mid-grey synthetic Sweden corresponds to the mid-grey 

treatment line in 1986, and the black synthetic Sweden corresponds to the black treatment line in 

1989. Ideally, I want to find that this placebo treatment does not result in any post-placebo-

treatment divergence in the path of industrial sector CO2 emissions between Sweden and its 

synthetic control. A large effect of the placebo treatment brings uncertainty to the claim that the 

results illustrated in Figure 2 and Figure 4 are actually the causal effect of the emission tax 

exemptions for the industrial sector. Reassuringly, there is no large divergence between Sweden 

and synthetic Sweden neither when the treatment is shifted to 1983, 1986, nor 1989. 
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Figure 5. In-time placebo tests. Placebo treatments in 1983, 1986 and 1989. Sweden versus 

synthetic Sweden. 

  

For the in-space placebo test, the treatment is iteratively reassigned to each control country in the 

donor pool. The baseline model is used to construct synthetic counterfactuals and obtain treatment 

effect estimates for each placebo-treated donor pool country. This is a method to examine whether 

the obtained treatment effect in the main result is different from chance. By comparing the 

estimated effect of the emission tax exemptions for the industrial sector in Sweden to the estimated 

effect in the untreated countries, I get an idea of whether the result obtained for Sweden is 

unusually large. If Sweden has the largest estimated treatment effect, it increases the confidence 

that the main result is not based on chance.  
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Panel A 

 

Panel B 

 

Figure 6. In-space placebo test. Per capita CO2 emissions from the industrial sector in Sweden and 

placebo gaps in the control countries. 

Note: Panel A shows per capita CO2 emissions gap in Sweden and placebo gaps in all 13 OECD control countries. Panel B shows per 

capita gap in Sweden and placebo gaps in 10 OECD control countries (countries with a poor pre-treatment fit is excluded). 
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Figure 6 shows the result from the in-space placebo test. Panel A shows that Sweden has the largest 

positive treatment effect for most of the post-treatment period (until 2001). However, for Iceland, 

Portugal and Switzerland the synthetic control method cannot find a convex combination of 

countries that can replicate the path of their industrial sector emissions in the pre-treatment period. 

In Panel B these three countries are therefore removed.27 Sweden now has the largest positive 

treatment effect until 2005, the last year of the sample period.   

      Figure 7 shows that Sweden also has the largest average gap in industrial sector CO2 emissions 

in the post-treatment period of all remaining countries.28 The treatment effect is calculated as the 

mean post-treatment difference between the (placebo) treated unit and its synthetic counterfactual. 

The p-value of estimating a gap of this magnitude is thus 1/10 = 0.10. The results from the in-

space placebo test are quite encouraging and provide some credibility to the main result in Figure 

2 and Figure 4. 

 

Figure 7. Average treatment effect of treatment in Sweden and placebo treatments in 10 control 

countries.  

                                                
27 Portugal has over three times the size of Sweden’s RMSPE, and Switzerland has over 2,2 times the size of Sweden’s 

RMSPE.   
28 The results in Figure 7 are obtained using the synth_runner package for Stata (Galiani & Quistorff 2017).  
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6.2. Robustness tests: leave-one-out and full sample 

As noted in section 4, a subjective assessment is involved when deciding what countries to include 

in the donor pool. The goal is to include countries as similar to Sweden as possible regarding 

drivers of the outcome, but with no emission tax reforms during the sample period. In this paper, 

this is done by first choosing a donor pool consisting of the OECD countries (excluding Sweden) 

that were members at the start of the sample period in 1980, and then excluding from the donor 

pool countries that either implemented emission tax reforms during the sample period or are 

structurally very different from Sweden. Still, there is a concern that country-specific shocks in 

the donor pool countries might be driving the result. To test how robust the main result is to 

changes in the donor pool, I modify the restrictions for the donor pool to (i) a stricter setting using 

the leave-one-out test and (ii) a looser setting using the full sample test. 

      Recall from Table 1 that synthetic Sweden is estimated as a weighted average of France, Japan, 

Switzerland, and the United States. For the leave-one-out test, each of these countries is 

sequentially dropped from the donor pool, and a new synthetic counterfactual is estimated without 

them. This robustness check makes it possible to evaluate the extent to which the main results are 

driven by any particular control country. 

      Figure 8 shows the result from the leave-one-out test. The main results are quite robust to the 

elimination of one donor pool country at a time. The result is basically unchanged when Japan is 

excluded, and the treatment effect is slightly larger when Switzerland and the United States are 

omitted. However, when France is excluded the result changes more drastically, showing a smaller 

increase in industrial sector emissions in Sweden compared to the counterfactual. Thus, the leave-

one out test provides a range for the estimated emission reduction, from an average post-treatment 

increase of 42.3 percent (when omitting Switzerland) to the most conservative estimate of a 22.1 

percent increase (when omitting France). The average of the four iterations gives an emission 

increase of 34.6 percent. 
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Figure 8. Leave-one-out robustness test. Leave-One-Out Distribution of the synthetic Control for 

Sweden. 

Note: Synthetic Sweden (leave-one-out) is represented by iteratively excluding France, Japan, Switzerland and the United States, 

respectively, from the donor pool. 

 

For the full sample test, the donor pool restrictions are loosened to allow more countries in the 

donor pool. Now, the full sample of 23 control countries is included when constructing the 

counterfactual. Figure 9 and Figure 10 presents the result of the full sample test. When including 

the full sample of control countries in the construction of the counterfactual, Japan and the United 

States are replaced by Luxembourg, Norway and Turkey in the synthetic control group, which now 

consists of France (54%), Luxembourg (10%), Norway (14%), Switzerland (14%) and Turkey 

(8%). That Norway is included in the synthetic control group when including the full sample of 

control countries is not surprising, since Norway is a neighboring country to Sweden and has a 

similar economic and institutional system. However, that Luxembourg and Turkey are now 

included in the donor pool is more surprising.  
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      As noted in section 4.2.1., including countries in the donor pool that are very different from 

Sweden regarding important characteristics might induce interpolation bias (Abadie et al. 2015). 

To understand interpolation bias, let’s recall the intuition behind why a good pre-treatment fit 

between the synthetic control unit and the treated unit lessens the concern for unobserved 

confounders. I.e. only units that are similar in both observed and unobserved predictors of the 

outcome as well as in the effect of those predictors on the outcome should produce similar paths 

of the outcome variable over an extended time. However, a good pre-treatment fit could also be 

induced by control units in the donor pool that individually have different levels and paths of the 

outcome and its predictors compared to the treated unit, but together, on average, constitutes a 

good match to the treated unit. In such a situation, the synthetic control unit would be, at least 

partially, comprised of untreated units dissimilar to the treated unit regarding both observed and 

unobserved predictors of the outcome as well as in the effect of those predictors on the outcome. 

This would cause interpolation bias. 

      In the current case, Luxembourg has by far the highest CO2 emissions from the industrial sector 

during the sample period, and Turkey has the lowest. A concern is that, on average, these two 

countries together might represent a quite good match for Sweden, thus inducing interpolation 

bias. Hence, excluding them in the main result seems like a sensible decision. 

      Compared to the main result, including the full sample in the donor pool results in a slightly 

larger industrial sector emission increase in Sweden for the whole post-treatment period. The pre-

treatment fit is not visibly improved when including the full sample, suggesting that the donor pool 

used in the main result is carefully chosen and that the donor pool restrictions imposed are 

appropriate (Abadie 2019). 
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Figure 9. Full sample robustness test. 

Note: The main result uses the restricted sample of 13 OECD countries to construct synthetic Sweden. The full sample result uses all 

23 OECD countries in the donor pool to construct synthetic Sweden. 

 

 

 

Figure 10. Full sample robustness test. Gap between Sweden and synthetic Sweden. 
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6.3. Dose-response test 

A potential concern with the main result is that the observed gap between Sweden and synthetic 

Sweden could be driven by a factor or an event other than the emission tax exemptions for the 

industrial sector from 1992 and onward. An example of such an event could be the domestic 

financial crisis that hit Sweden in the early 1990s.29 An approach to increase the confidence that 

the emission tax exemptions for the industrial sector are the main driver of the CO2 emissions 

increase in the Swedish industrial sector is to perform a dose-response test. By plotting the 

emission tax level for the industrial sector (the treatment) against the observed impact on CO2 

emissions in the industrial sector (the response) over the entire period, it is possible to examine 

whether the observed impact seems to be correlated with the treatment (Abadie & Gardeazabal 

2003). A strong correlation increases the credibility of the main result being driven by the tax level 

and not by another unobserved factor or event. On the other hand, if the estimated gap in industrial 

sector CO2 emissions is driven by an unobserved factor unrelated to the emission tax level, the 

pattern of the estimated impact is unlikely to show a strong correlation with the pattern of the 

industrial sector emission tax level. 

      Figure 11 presents the result of the dose-response test.30 The left y-axis measures the difference 

between log CO2 emissions (ktCO2e) per capita from the industrial sector between Sweden and 

synthetic Sweden. The right y-axis measures the average real tax on fossil fuels for the Swedish 

industrial sector. The average real tax on fossil fuels for the Swedish industrial sector is steadily 

increasing from 1980 to 1991. There is a sharp increase in average real tax in 1991 with the 

introduction of the CO2 tax and the sulfur tax, followed by a sharp decline because of the industrial 

sector tax exemptions. The industrial sector CO2 emissions in Sweden has a declining trend from 

1980 to 1991 but there is no clear divergence from the synthetic counterfactual. However, as the 

average real tax on fossil fuels drops from 1992, there is an increase in industrial sector emissions 

                                                
29 Section 7 provides a discussion of the concern that specifically early 1990s domestic financial crisis in sweden 

might be a driver of the result. 
30 The tax is inflation-adjusted using 2005 prices. The total tax is the sum of CO2 tax, energy tax on fuels and sulfur 

tax and the average real tax is the average of fuel oil (environmental classification one to three), coal, natural gas and 

LPG. The fuels are converted to gigajoule (GJ) since they are measured in different units (SEK/ton or SEK/m3) (EIA 

2020; Swedish Tax Agency 2020a; Statistics Sweden 2012). 
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compared to the synthetic counterfactual. In 1998, the industrial sector emission tax burden is 

slightly increased, coinciding with the decline in CO2 emissions at the end of the sample period.   

      Overall, the pattern of the emission tax burden and the pattern of the impact on CO2 emissions 

from the Swedish industrial sector seems to show a quite strong negative correlation during the 

sample period.  This increases the credibility that the observed gap in industrial sector CO2 

emissions between Sweden and synthetic Sweden after 1992 is indeed driven by the tax 

exemptions and not some unobserved factor or event unrelated to the emission tax burden. 

 

 

Figure 11. Dose-response test. Real tax rate and estimated gap in CO2 emissions per capita from the 

industrial sector.  

Note: The estimated gap in CO2 emissions per capita from the industrial sector is the difference between Sweden’s and synthetic 

Sweden’s emissions. 
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7  Discussion 

How do the results in the current paper relate to preexisting literature? By constructing a synthetic 

counterfactual, a synthetic Sweden, the current paper finds that, in response to the drop in the total 

emission tax rate for this sector from 1992 and onward, the Swedish industrial sector increased its 

CO2 emissions. The empirical results in this paper support the theoretical conclusions in previous 

literature regarding the relationship between emission tax exemptions and emissions. Previous 

research based on theoretical models has found that extensive emission tax exemptions for energy-

intensive industries harm the emission reduction potential of emission tax policies (Bruvoll & 

Larsen 2004; Liang et al. 2007; Van Heerden et al. 2016). However, to the author’s knowledge, 

this is the first empirical paper to explicitly study this relationship.  

      Regarding previous empirical literature, the results in the current paper complement the results 

in Andersson (2019). Where Andersson find that the introduction of the CO2 tax decreased CO2 

emissions in a non-exempt sector (the transport sector), the results in the current paper indicates 

that the exemption from the CO2 tax and the energy tax on fossil fuels increased CO2 emissions in 

an exempt sector (the industrial sector). The findings in the current paper, together with the results 

in Andersson (2019), thus indicates that Pigouvian emission taxes does not have an emission 

reduction effect on sectors facing extensive exemptions (like the Swedish industrial sector), as 

intuitively expected. Instead, too extensive exemptions might increase emissions from the exempt 

sectors. 

      However, there are potential caveats to keep in mind when interpreting the results in this paper. 

The results presented are from a Swedish context, and the findings are not necessarily externally 

valid in other countries. There might, for example, be differences in taxation design, differences 

in energy use or differences in institutional settings that might affect the relationship between 

emission tax exemptions and emissions in countries other than Sweden. 

      To increase structural similarities between Sweden and synthetic Sweden, the donor pool is 

carefully chosen to include only control countries that are thought to be driven by similar structural 

processes as Sweden. Synthetic Sweden does also reproduce the path and levels of CO2 emissions 

from the industrial sector and its key predictors in Sweden before treatment quite well. Still, there 

might be events that affect industrial sector CO2 emissions in synthetic Sweden differently from 

what would have been the case of Sweden in the absence of treatment. I.e. synthetic Sweden is not 

necessarily a perfect counterfactual. 
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      Similarly, there might be events happening simultaneously as the emission tax exemptions in 

Sweden that affect CO2 emissions from the industrial sector. In such a case, it is hard to disentangle 

the effect of such an event from the emission tax exemptions. One such event is the domestic 

financial crisis that hit Sweden in the early 1990s. However, intuitively it does not make sense for 

a financial crisis to increase emissions in the industrial sector since such a negative economic 

shock reduces demand and production. It is more reasonable to assume that the observed emissions 

increase would have been even larger in the absence of the Swedish financial crisis. The main 

result in this paper could, in that case, be interpreted as a kind of a lower bound estimate.  

      Furthermore, the synthetic control unit is not perfect. Firstly, because of data availability, the 

pre-intervention period is 11 years. Ideally, it would have been preferable to find a good 

counterfactual for a longer pre-intervention period. A synthetic control unit that can reproduce the 

outcome in the treated unit for an extended period increases the credibility that unobserved and 

time-varying confounders affect Sweden and synthetic Sweden in a similar way, thus not biasing 

the estimator (Andersson 2019). Secondly, Table 1 shows that France receives a large weight in 

the synthetic control unit, and section 6.2. show that the main result is a bit sensitive to the 

exclusion of France from the donor pool. Ideally, I would have liked synthetic Sweden to not rely 

as much on a single country. Lastly, as shown in Figure 2, synthetic Sweden cannot perfectly 

reproduce the path of CO2 emissions from the Swedish industrial sector towards the end of the 

pre-treatment period, which might slightly bias the main result upward.  

      Sweden's current long-term climate goal is to have zero net emissions by 2045 (Swedish EPA 

2020a). Since 2010, the emission tax exemptions for the industrial sector have been gradually lifted 

(Swedish NAO 2012); and since 2018, the industrial sector pays the same CO2 tax rate as other 

non-exempt sectors (Swedish Government Offices 2019). However, the industrial sector still pays 

only 30% of the standard energy tax rate (Swedish Tax Agency 2021).31 Currently, there is a bill 

from the Swedish government proposing to remove the last energy tax exemptions for the 

industrial sector entirely (Prop 2020/21:97). From a pure emission reduction perspective, the 

findings in this paper, in context with previous literature on the Swedish carbon tax’s emission 

reduction effect on non-exempt sectors, suggests that removing the last emission tax exemptions 

for the industrial sector would indeed be an effective policy for reducing aggregate CO2-emissions 

                                                
31 In 2019, the energy tax exemptions were completely removed for fuel oil used in the mining & quarrying sector 

(Swedish EPA 2020b).  
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in Sweden. More broadly, this might also be the case in other countries with extensive emission 

tax exemptions for energy-intensive sectors, for example Norway (OECD 2019). However, it is 

beyond the scope of this paper to further analyze other possible effects of completely removing 

the emission tax exemptions for the industrial sector, regarding, for example, output and 

employment. 
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8  Conclusion 

As global warming becomes a more imminent threat to human welfare, the importance of finding 

efficient emission reduction policies is increasing. Investigating the effect of previously 

implemented policies can help in shedding light on which policy designs work best and what can 

be improved. This paper, therefore, estimates the effect of the emission tax exemptions for the 

Swedish industrial sector starting in 1992 on CO2 emissions. 

      Tax exemptions for energy-intensive industries are a common feature in current emission tax 

designs. This paper empirically shows that such exemptions can be harmful to the emission 

reduction potential of these tax policies. After introducing tax exemptions from the CO2 tax and 

the energy tax on fuel for the Swedish industrial sector in 1992, this paper estimates that the CO2 

emissions from the industrial sector increased by over 34 percent in an average post-treatment 

year. This result is in line with earlier theoretical estimates. However, this is, to the author's 

knowledge, the first paper explicitly estimating the effect of emission tax exemptions on emissions 

using an empirical method. 

      The identification strategy used is to construct a synthetic control unit, “synthetic Sweden”, 

out of a set of carefully chosen control countries that did not implement any change in emission 

taxation during the sample period. Synthetic Sweden is able to closely reproduce the values of CO2 

emissions from the Swedish industrial sector and its key predictors, and track its CO2 emissions 

during the 11 years before treatment, thus acting as a convincing counterfactual. 

      The result is robust to a series of placebo and robustness tests. No large treatment effect is 

detected when shifting the treatment to non-treatment years. Reassigning the treatment to each of 

the control countries shows that the probability of obtaining a post-treatment result as large as that 

for Sweden is 0.10. Furthermore, the result is not overly sensitive to changes in the composition 

of the donor pool; the main result is not largely affected either when removing each of the countries 

constituting the synthetic control unit (with a possible exception of France) or including the full 

sample. Using a dose-response test, the credibility that the tax exemptions, and not some unrelated 

unobserved event, indeed drive the observed CO2 emissions increase from the industrial sector, is 

strengthened.  

      The result from the current paper seems to be internally valid for the case of Sweden. However, 

the design of emission taxes regarding both exemptions and other aspects differ between countries. 

To get a sense of the external validity of results in this paper, future research could investigate the 
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effect of tax exemptions on emissions in other countries where the size of and sectors affected by 

the exemptions might differ. 

      The policy implications of the findings in this paper are straightforward; extensively exempting 

the industrial sector from taxes on fossil fuel combustion does indeed seem to lead to an increase 

in its CO2 emissions, as one intuitively expects. The emission reduction potential of current 

emission tax designs can thus be improved by removing or lowering these exemptions. 
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Appendices 

A. Energy mix in the Swedish industrial sector 

Figure A shows the energy use in the Swedish industrial sector divided by fuel type (Swedish 

Energy Agency 2008). In the early 1980s the majority of the fuel used is fossil fuels,32 but from 

1980 to 1991 there is a decline in both the total use and the share of fossil fuels in the industrial 

sector, being replaced by electricity and biofuels.33 From 1992 and onward the negative trend for 

the fossil fuel use is broken, with fossil fuel use increasing until 1998 (replacing some of the 

biofuels in the energy mix) and then slowly declining. Figure A thus presents a descriptive 

indication that the emission tax exemptions for the industrial sector might have affected fossil fuel 

use (since the negative trend of fossil fuel use in the industrial sector was broken after the tax 

exemptions in 1992) and by extension increasing the CO2 emissions from the industrial sector.34 

 

Figure A. Total energy use in Swedish industrial sector, by fuel type, 1980-2005. 

 

                                                
32 Fossil fuels is here defined as the sum of oil, coal and natural gas products (Swedish Energy Agency 2008). 
33 In the period 1980 to 2005 between 89% and 96% of electricity in the industrial sector was generated by hydro 

power, wind power or nuclear power (Swedish Energy Agency 2008). The rest was generated by combined power 

and heating. The energy from combined power and heating was driven to a large extent (90%) by fossil fuels in 1980. 

However, the fossil fuel use in combined power and heating was rapidly replaced by recycled energy and renewables 

in the subsequent years, leading to fossil fuel use being only 32% in 1991 and 12% in 2005 (Energiföretagen Sverige 

2021). Overall, the electricity generation for the Swedish industry is thus almost entirely clean in the sense that it uses 

almost no fossil fuels. 
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B. Trend in industrial sector CO2 emissions in Sweden versus control countries  

Figure B. Emissions per capita in Sweden and the control countries during the sample period 
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C. Robustness test: excluding GDP per capita as a predictor 

In the baseline model presented in section 5, GDP per capita receives a large weight in the V matrix 

(59%). Therefore, it seems sensible to test the sensitivity of the result when excluding GDP per 

capita as a predictor. Table A reports the country weights of synthetic Sweden when GDP is 

excluded as a predictor. The country weights are very similar to the weights obtained in the main 

specification, with the same countries constituting synthetic Sweden. 

 

Table A. Country weights in synthetic Sweden. 

 

Table B compares the values of the key predictors of CO2 emissions from the industrial sector 

before 1992 between Sweden, synthetic Sweden and an average of the 13 OECD countries in the 

donor pool. The pattern is similar to the main specification presented in Table 2. Synthetic Sweden 

represents a better fit compared to the donor pool average for all predictors except energy intensity. 
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Table B. Pre-treatment means of predictors of CO2 emissions from the industrial sector. 

 

Next, Figure C plots the path of industrial sector CO2 emissions in (i) Sweden, (ii) synthetic 

Sweden when using the main specification and (iii) synthetic Sweden when excluding GDP per 

capita as a predictor. The main result is largely unchanged, with the post-treatment distance 

between Sweden and synthetic Sweden being slightly larger during the entire post-treatment period 

when excluding GDP per capita as a predictor. Figure D visualize the treatment effect further. 

 

 

Figure C. Per capita CO2 emissions from the industrial sector, 1980–2005: Sweden, synthetic 

Sweden and synthetic Sweden when GDP per capita is excluded as a predictor. 
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Figure D. Gap between Sweden and synthetic Sweden when GDP per capita is excluded as a 

predictor.  
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D. Robustness test: alternative technology predictor 

As noted in section 4.2.2., R&D expenditure is chosen over Total Factor Productivity (TFP) as an 

indicator for technological progress. However, it seems sensible to test the sensitivity of the result 

when substituting R&D expenditure for TFP as a predictor of the outcome. The TFP is measured 

in international prices (current PPP) and is collected from Penn World table, version 10.0 (Feenstra 

et al. 2015). Table C reports the country weights of synthetic Sweden when TFP is included as a 

predictor. The biggest change compared to the main specification is that Australia now obtains a 

large weight, while United States and Japan is no longer part of synthetic Sweden. The exclusion 

of the United States in synthetic Sweden is based on that the TFP measure used is set in relation 

to the United States. This means that the United States takes on the value of one in the whole time 

series, thus excluding any variation that can be used in the weighting. 

 

Table C. Country weights in synthetic Sweden. 

 

 

Table D compares the values of the key predictors of CO2 emissions from the industrial sector 

before 1992 between Sweden, synthetic Sweden and an average of the 13 OECD countries in the 

donor pool. Overall, the pattern is quite similar to the main specification presented in Table 2. 

Intuitively, one might expect a high R&D expenditure per capita to be correlated with a high TFP. 

However, this does not seem to be the case for Sweden. At least compared to the countries in the 

donor pool, Sweden has a quite low TFP but a quite high R&D expenditure per capita.  
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 Table D. Pre-treatment means of predictors of CO2 emissions from the industrial sector. 

 

 

Next, Figure E plots the path of industrial sector CO2 emissions in (i) Sweden, (ii) synthetic 

Sweden when using the main specification and (iii) synthetic Sweden when including TFP as a 

predictor. The main result is largely unchanged, with the post-treatment distance between Sweden 

and synthetic Sweden being slightly smaller at the end of the post-treatment period when including 

TFP as a predictor. Figure F visualize the treatment effect further. 
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Figure E. Per capita CO2 emissions from the industrial sector, 1980–2005: Sweden, synthetic 

Sweden and synthetic Sweden when TFP is included as a predictor. 

 

 

Figure F. Gap between Sweden and synthetic Sweden when TFP is included as a predictor.  

 


