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Abstract 

Existing carbon pricing instruments vary in their institutional design, sectoral scope, 
and price. Thus, in the context of the Paris Agreement, comparing and evaluating 
policies across jurisdictions requires a harmonized approach. This paper’s contribution 
is twofold. First, I present data and methodology that provide a detailed and 
standardized record of carbon pricing mechanisms in force worldwide. Second, I 
discuss the most recent developments in carbon pricing at the jurisdiction level and 
quantify three commonly made observations: (i) at constant scope, emissions covered 
by such mechanisms tend to decline over time, as a share of both total jurisdiction and 
world emissions, (ii) a significant difference between the maximum and economywide 
average price on emissions exists, and (iii) this average price is well below the global 
social cost of carbon and levels compatible with the objectives of the Paris 
Agreement. This quantification supports the view that the global economic efficiency 
and environmental effectiveness of carbon pricing can be enhanced by reducing the 
significant cross-sectoral distortions, raising the average price of emissions, and 
extending carbon pricing to new jurisdictions and sectors.  
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1. Introduction 

Under the architecture of the Paris Agreement, the stringency of the global climate 
policy regime is only as strong as the sum of its parts—that is, emissions reductions 
commitments formulated by the relevant parties and the policies enacted to achieve 
them. All parties are bound by a common objective—limiting the rise in global mean 
temperature to well below 2C, which makes a consistent cross-jurisdictional 
assessment of their commitment essential. However, they also enjoy substantial 
flexibility regarding the magnitude of their individual contribution and the nature and 
stringency of policies they implement, rendering such assessment of their 
commitment difficult. 

Extending earlier work (Dolphin et al., 2020, Rafaty et al., 2021), I present data and 
methodology that advance the cross-jurisdictional comparability of carbon pricing 
mechanisms. Specifically, I introduce an emissions-weighted average carbon price 
(ECP) calculated from sector- (or fuel-) level prices.1 To the best of my knowledge, it 
constitutes the first centralized and systematic assessment providing a consistent 
cross-jurisdictional description of these mechanisms.2 It simultaneously provides price 
information disaggregated at the sector level, extends back to 1990 to include price 
information for the earliest mechanisms, and accounts for as many sector (-fuel) 
exemptions as accurately possible. It is currently calculated for 37 national and 31 
subnational jurisdictions (13 Canadian provinces and territories, 11 US states, and 7 
Chinese provinces) over 1990–2020.3 

I use the data to discuss recent developments in carbon pricing mechanisms, 
highlighting changes in greenhouse gas (GHG) coverage and average prices. I explore 
such changes for national and subnational jurisdictions and “world” industrial sectors. 
This allows me to make three observations about the state of carbon pricing across 
jurisdictions and note three related implications. First, for a fixed jurisdictional and 
sectoral scope of carbon pricing mechanisms, covered GHG emissions as a share of 
jurisdictional or world emissions tend to decline over time. For instance, the share of 
world emissions covered by the EU ETS decreased from 6 percent in 2010 to 4.2 
percent in 2020. Hence, the global dynamic environmental effectiveness and 

 
1  For IPCC 1A categories, the raw carbon price data distinguishes between three fuel types 
(coal, oil, gas). For all other categories, prices are recorded at the IPCC category level. 

2 The closest initiative is the data collection effort led by the World Bank, available through its 
Carbon Pricing Dashboard. However, that is (i) structured around carbon pricing mechanisms 
(not jurisdictions) and (ii) not disaggregated enough to allow for use in sector-level studies or 
integration with other datasets following the IPCC 2006 sectoral disaggregation.  

3 The methodology and data currently available allow to readily expand the calculation to new 
national or subnational jurisdictions, should some of their emissions become subject to a 
carbon pricing mechanism.  
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economic efficiency of carbon pricing requires continued expansion to new 
jurisdictions and sectors.  

Second, jurisdictions have large discrepancies between maximum and economywide 
average carbon prices. In Colombia, Switzerland, and Norway, for instance, the 
average price is 88 percent, 76 percent, and 69 percent below the maximum price, 
respectively, whereas it is only 6 percent, 8 percent, and 10 percent below the 
maximum price in Denmark, Iceland, and New Zealand, respectively. Across all 
jurisdictions, the average price is on average about 60 percent below the maximum 
price in the jurisdiction. This suggests that existing mechanisms substantially distort 
emissions-reduction incentives across sectors, undermining the efficiency of 
emissions reduction at the jurisdiction and global level.4  

Third, the average carbon price in most jurisdictions is well below estimates of its 
social cost (see, e.g., Interagency Working Group on the Social Cost of Greenhouse 
Gases, 2021 and NYSERDA-RFF, 2021) and below empirical estimates of carbon prices 
compatible with the goal of the Paris Agreement (Stern-Stiglitz High-Level 
Commission on Carbon Prices, 2017; Rafaty et al., 2021). Thus, jurisdictions seeking to 
adequately internalize the carbon externality in their economy or fulfill their emissions 
reduction commitments under the Paris Agreement should raise the price of 
emissions. 

The remaining of the paper is organized as follows. Section 2 reviews the related 
literature. Section 3 presents a summary of the methodology. Trends in carbon pricing 
are discussed in Section 4, and their corollary, the carbon pricing gap, is discussed in 
Section 5. Finally, Section 6 concludes. 

  

 
4 Note that various mechanisms creating an implicit (shadow) price on CO2 emissions have 
also been used to incentivize reduction. Accounting for these mechanisms would lower cross-
sectoral distortions. However, they may, but will not usually, be cost-efficient (Perman, et al. 
2011, Schmalensee and Stavins 2017). See section 5.2 for further discussion. 
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2. Literature 

This paper relates directly to the literature on the measurement of climate policy, 
specifically the marginal incentives to reduce emissions.5  Aldy, Pizer, and Akimoto 
(2016) make a distinction between policies that create an explicit price on emissions—
such as carbon taxes and emissions trading systems—and those that create implicit 
costs—such as feed-in tariffs and emissions performance standards. Both types of 
policies create abatement cost, but only carbon pricing mechanisms induce an 
additional transfer (from emitters to the public authority) cost on remaining emissions. 

Several initiatives have recently sought to develop methodologies and data to 
contribute to such measurement. The OECD calculates the effective carbon rate 
(ECR) on energy (OECD, 2016, 2018, 2021) as the sum of explicit charges on CO2 
emissions arising from carbon taxes, specific taxes on energy use, and emissions 
trading allowance prices. Carhart et al. (2020) construct a metric, the comprehensive 
carbon price, measuring the compliance cost resulting from seven climate policies in 
25 high-polluting countries that represent 82 percent of global CO2 emissions in 2019. 
This measure includes policies that create both explicit and implicit prices on carbon. 

I contribute to this literature by proposing a metric that allows for cross-jurisdictional 
comparability of carbon pricing mechanisms and complements recent initiatives 
aiming at improving the availability and transparency of data on jurisdictions’ climate 
policies. First, unlike Carhart et al. (2020), I focus solely on mechanisms that create an 
explicit price on GHG emissions, excluding instruments such as energy performance 
standards, which create an implicit price by mandating GHG-free technologies.6  
Second, it includes exclusively instruments whose design is directly related to the 
carbon content of fuels or measured GHG emissions. Therefore, unlike OECD (2016, 
2018, 2021), it excludes energy duties and so is aligned with the scope of policies 
considered by the World Bank (2021). 

The main reason for the departure from the OECD approach is that the ECR 
overestimates the actual penalty associated with CO2 emissions. Although they are 
now often justified on environmental grounds, most taxes on energy predate 
environmental concerns and bear no systematic relation to local or global 
environmental damages (Newbery, 2001); when they do, they primarily apply to local 
air pollution.7  As a result, unlike the ECR, only a portion—zero in most cases—of the 

 
5 It also discusses policy efficiency and environmental effectiveness considerations by 
contrasting measured carbon prices against SCC estimates and prices deemed necessary to 
achieve the goals of the Paris Agreement (see section 5). 

6 However, it does include carbon performance standards, such as Canada’s federal Output-
Based Pricing System. 

7 These taxes are usually implemented to either internalize the social cost of road usage 
(damage) and congestion (Newbery, 1988a, 1988b) or correct for several non-GHG 
environmental externalities, such as from the emissions of local air pollutants. 
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existing energy duty level should be considered as pertaining to the internalization of 
the GHG externality.  

This dataset presents several additional advantages compared to existing data. First, 
it provides data at a high level of sectoral disaggregation, which allows for sector-level 
analyses of the impact of carbon pricing mechanisms, as in Rafaty et al. (2021). 
Second, it provides data structured by jurisdiction; unlike World Bank (2021), this 
brings it in line with the structure of reporting and analysis under the United Nations 
Framework Convention on Climate Change. Third, as the sectoral disaggregation 
follows IPCC 2006 guidelines, it provides a straightforward integration with other 
datasets following the same structure or for which a concordance with those source 
categories exists. 

In addition, this approach offers a complete time series starting in 1990, covers all 
IPCC emissions categories, could be straightforwardly extended to mechanisms 
pricing other non-CO2 GHGs, and allows for calculating the average price on 
emissions for all jurisdictions for which a GHG inventory is available. By contrast, 
OECD data is limited44 countries, three years (2012, 2015, 2018), and six sectors—
does not cover non-CO2 gases, and calculates a carbon pricing score that does not 
provide a robust summary statistic of pricing at the jurisdiction level.  

Finally, the present data accounts for sector(-fuel) price rebates and scope 
exemptions that other metrics do not. Economic theory has long recommended using 
an economywide, uniform price signal to reduce CO2 emissions at least cost.8,9 
However, contrary to “first-best” theory, practical experience shows that 
governments, constrained by domestic political economy or transaction cost 
considerations, are routinely granting fuel- or sector-specific exemptions, inhibiting 
“optimal” carbon pricing. These sometimes-significant exemptions are often buried 
deep in the legislative or administrative acts instituting the pricing mechanisms but 
need to be taken into account for an accurate assessment of carbon pricing at the 
jurisdiction level. 

 

 
8 The externality associated with each ton of CO2 emitted to the atmosphere is the same 
regardless of its source (i.e., country, sector, or technology of origin). 

9 Provided that the public authority can credibly commit to an escalating price path (or 
declining emissions cap) and assuming the absence of transaction costs. If transaction costs 
(e.g., costs of monitoring and verifying emissions) are positive, then optimal coverage may not 
be 100 percent. If so, emissions should be included only if the marginal benefit in terms of 
enhanced cost efficiency outweighs the marginal cost of monitoring and verifying emissions. 
Insofar as only CO2 emissions are covered, fossil fuels, for example, can be priced upstream, 
midstream, or downstream at various strategic points to minimize transaction costs. However, 
technical difficulties exist in implementing schemes covering other greenhouse gases, so it 
might be suboptimal to aim for 100 percent coverage of GHG emissions. 
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3. Methodology 

This section presents a summary of the methodology used to calculate the total 
emissions coverage and the ECP. A comprehensive description of the methodology 
and the data sources is available in the technical note accompanying the dataset 
Emissions-Weighted Carbon Price: Sources and Methods. 

3.1 Coverage 

I combine data on the scope of carbon pricing mechanisms with inventory emissions 
data. The total coverage is calculated as the sum of sector (k) and, for IPCC 
categories 1A, sector(k)-fuel (j) level data and expressed as a share of a jurisdiction’s 
total emissions. Formally, the total emissions covered by all carbon pricing 
mechanisms (m) in force in jurisdiction i in year t is given by 

Coverage𝑖𝑖,𝑡𝑡  = � 𝑠𝑠𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚
𝑘𝑘,𝑗𝑗,𝑚𝑚

− 𝜔𝜔𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗 

where          

s𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,m is the sector(-fuel) specific coverage by pricing mechanism m, 
expressed as a share of total emissions, and  

 𝜔𝜔𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗  is denotes the (share of) emissions covered by more than one carbon 
pricing mechanism (i.e., the overlap). 

𝑠𝑠𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚 ≡ 𝐼𝐼𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚 ×
𝑒𝑒𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗
𝑔𝑔ℎ𝑔𝑔 ×  𝑐𝑐𝑐𝑐𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑚𝑚.

𝑒𝑒𝑎𝑎𝑔𝑔𝑔𝑔𝑎𝑎𝑎𝑎𝑔𝑔𝑎𝑎𝑡𝑡𝑎𝑎
𝑔𝑔ℎ𝑔𝑔  

where 𝐼𝐼𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚 is an indicator variable taking value 1 if fuel 𝑗𝑗 in sector k of jurisdiction 𝑖𝑖 
in year 𝑡𝑡 is subject to pricing mechanism 𝑚𝑚, 𝑒𝑒𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗

𝑔𝑔ℎ𝑔𝑔  is emissions from fuel 𝑗𝑗 in sector 𝑘𝑘 
of jurisdiction 𝑖𝑖 in year 𝑡𝑡, 𝑒𝑒𝑎𝑎𝑔𝑔𝑔𝑔𝑎𝑎𝑎𝑎𝑔𝑔𝑎𝑎𝑡𝑡𝑎𝑎

𝑔𝑔ℎ𝑔𝑔  is total jurisdiction emissions and 𝑐𝑐𝑐𝑐𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑚𝑚 is the 
jurisdiction-scheme-specific coverage factor. The latter accounts for scope 
exemptions of emissions within sectors; that is, that some pricing mechanisms cover 
less than 100 percent of emissions from a given IPCC source category.10 

This approach allows for calculating coverage for different jurisdiction levels (i.e., 
world, national, or subnational) or groups of jurisdictions (e.g., OECD countries, World 
Bank income groups). One only needs to choose the appropriate 𝑒𝑒𝑎𝑎𝑔𝑔𝑔𝑔𝑎𝑎𝑎𝑎𝑔𝑔𝑎𝑎𝑡𝑡𝑎𝑎

𝑔𝑔ℎ𝑔𝑔  value. To 

 
10 Such exemptions include emissions/plants excluded due to (i) compliance thresholds and (ii) 
coverage by another pricing mechanism. Calculation or encoding of these coverage factors is 
preliminary and described in the dataset’s technical note.  
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avoid double-counting covered emissions, I account for overlap in scope between 
some carbon pricing mechanisms.11  

3.2 ECP 

The ECP calculation entails (1) calculating (mechanism-specific) aggregation weights 
(𝑤𝑤); (2) multiplying the weights by the price (𝑝𝑝) that a given mechanism applies to 
emissions; (3) summing over all mechanisms; and (4) aggregating at the sector or 
jurisdiction level. Formally, the ECP of jurisdiction 𝑖𝑖 in year 𝑡𝑡 can be expressed as 

ECP𝑖𝑖,𝑡𝑡  = ∑ 𝑝𝑝𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚 × 𝑤𝑤𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚𝑘𝑘,𝑗𝑗,𝑚𝑚    
where 

pi,t,k,j,m is the price applicable to fuel 𝑗𝑗 of sector 𝑘𝑘 by mechanism 𝑚𝑚, and 
wi,t,k,j,m is the sector(-fuel) specific aggregation weight and is defined as 
wi,t,k,j,m ≡ 𝑠𝑠𝑖𝑖,𝑡𝑡,𝑘𝑘,𝑗𝑗,𝑚𝑚 . 

When emissions are subject to both a carbon tax and an emissions trading system, the 
total carbon price is the sum of the tax rate and (the yearly average of) the allowance 
price. The ECP can be computed at the sector and economywide levels. 

3.2.1 Data 

Calculating the ECP rests on two building blocks: (i) standardized data on carbon 
pricing mechanisms’ scope and prices and (ii) inventory data on GHG. Both are 
disaggregated at the jurisdiction-sector(-fuel) level. Data on the former is from my 
own dataset, the World Carbon Pricing Database, available at https://github.com/g-
dolphin/WorldCarbonPricingDatabase. Inventory data is from various sources 
(referenced in the methodological note detailing the construction of the ECP).12  

A key feature of this dataset is that it provides information structured by territorial 
jurisdiction, not carbon pricing mechanism. This is achieved by mapping information 
available for each mechanism onto jurisdictions. This mapping accounts for the 
possibility that multiple schemes apply to the same emissions sectors. It also covers a 
long period (1990–2020) and so allows for (re)constructing time series of prices 
applied to emissions in the jurisdictions where such prices were in place. In addition, 
its disaggregation by IPCC 2006 sectors allows for straightforward integration with 

 
11 The approach taken to estimate overlap is described in section 3.3.1 of Emissions-Weighted 
Carbon Price: Sources and Methods. Such overlap may occur, for instance, when carbon pricing 
mechanisms implemented by two different jurisdiction levels (e.g., subnational and national or 
national and regional) apply to the same emissions.  
12 One important observation is that the carbon prices recorded in the World Carbon Pricing 
Database reflect the marginal, not average, price of emissions (OECD, 2021). Typically, if the 
price applies to the entire emission base, these two prices do not differ. However, when tax-
free emissions allowances or emissions permits are granted for free to sectors covered by a 
pricing mechanism, then a wedge between marginal and average price arises. 

https://github.com/g-dolphin/WorldCarbonPricingDatabase
https://github.com/g-dolphin/WorldCarbonPricingDatabase
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several other data sources. The dataset covers all mechanisms introduced since 1990 
at the national and subnational level. To date, it is the most comprehensive attempt at 
providing a systematic description of carbon pricing mechanisms in terms of their 
sectoral (and fuel) scope as well as the associated price signal. 

3. Carbon Pricing in Time and Space 

4.1 Coverage 

4.1.1 Jurisdictions 

Finland introduced the first ever carbon pricing mechanism in 1990; it covered 45 
percent of the country’s CO2 emissions but only 0.11 percent of world CO2 emissions. 
As new jurisdictions introduced mechanisms or existing ones were extended to 
include new sources, the share of global CO2 emissions covered reached 14.2 percent 
in 2020 (see Figure 1). This includes 7.5 percent of emissions covered by carbon taxes 
and 6.9 percent by emissions trading systems.13 

The world average, however, hides substantial heterogeneity across jurisdictions. 
While some jurisdictions, such as Denmark, Finland, or Sweden, have coverage above 
90 percent of their total CO2 emissions, they represent a relatively small share of 
world CO2 emissions, which contributes to keeping the world coverage low. In 2020, 
the median coverage among jurisdictions with a carbon price was 49 percent. Thus, 
although some jurisdictions may be close to the theoretically optimal coverage for 
efficient emissions reduction, low coverage of global emissions may continue to 
hamper the efficiency of global reduction. Overall, this highlights a simple fact: many 
national and subnational jurisdictions subject less than 100 percent of their CO2 
emissions to a carbon price, departing from the recommendations of standard 
economic theory and undermining the efficiency of their climate policy. Substantial 
scope therefore exists for improvement in the efficiency of global GHG emissions 
reduction by extending the pricing of CO2 emissions to new jurisdictions, sectors, and 
GHGs. 

  

 
13 Only 0.3 percent of world emissions are covered by both carbon taxes and emissions trading 
systems. 
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Figure 1.  Share of total CO2 emissions covered by a carbon pricing 
mechanism 

 

Note: 2019 and 2020 coverage are calculated based on 2018 emissions, the last year for which 
inventory data is available. 

The expansion of world coverage has come primarily—if not exclusively—from 
introducing new pricing mechanisms or extending the sectoral scope of existing 
ones.14 Indeed, for set jurisdiction and sectoral scopes, the covered share in total 
jurisdiction and world emissions tends to decline. For instance, the share of world 
emissions covered by the carbon pricing mechanisms in place as of 2010 fell from 6.2 

 
14 An alternative possibility is that emissions in covered sectors decreased less quickly (or rose 
more quickly) than emissions in noncovered sectors. This possibility is unsupported by 
existing emissions data. 
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to 4.6 percent in 2020. Similarly, although the 2010 scope of the EU ETS covered 
approximately 6 percent of world emissions, it steadily decreased to just above 4 
percent in 2020 (Figure 2a). A similar pattern emerges for the US Regional 
Greenhouse Gas Initiative (Figure 2b). 

As suggested by Grossman and Krueger (1991), these changes may arise from a 
change in the (i) scale (scale effect), (ii) structure (composition effect), or (iii) 
technological base (technique effect) of a jurisdiction’s economic activity. Such 
factors may affect the distribution of emissions both within and across jurisdictions.15 
For instance, if emissions in covered sectors decline faster than in noncovered sectors 
(due to changes in scale, structure, or technology), the share of covered emissions 
(both national and world) will mechanically decline. 

Figure 2. Share of world emissions by (group of) jurisdiction(s)  

Note: The scope of the EU ETS as presented in the left panel excludes Croatia, which joined in 2013, and includes the United 
Kingdom, which left in 2021. 

This suggests that the geographical location of emissions sources has changed over 
that period and that sustaining the global environmental effectiveness and economic 
efficiency of carbon pricing mechanisms calls for continued expansion of carbon 
pricing to new jurisdictions. Recent agreement on the rules governing the 
international trading of emissions allowances under Article 6 of the Paris Agreement is 
a welcome step toward harmonizing carbon prices at the international level. 

4.1.2 Industrial Sectors 

Carbon pricing coverage can also be analyzed at the level of world industrial sectors 
(Figure 3). The pattern that emerges is similar to that in the previous section: 

 
15 I make no claim as to the cause of the observed trend. Whether these changes have been 
induced by the carbon pricing mechanisms in place is the subject of an expanding literature. I 
refer the reader to that literature for further details on such impacts. See, for instance, 
Andersson (2019), Best et al. (2020), and Rafaty et al. (2021) and references therein. 
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extending carbon pricing mechanisms to new sectors by jurisdictions has led to 
extended coverage of emissions from world industrial sectors.  

Upon introduction of the first carbon pricing mechanisms, a limited number of sectors 
(power generation and some energy-intensive industries) were covered, representing 
a modest share of world emissions.16 As jurisdictions continued to expand their 
domestic schemes, the share of world emissions covered steadily increased. Among 
the sectors presented here, that coverage does not exceed 30 percent in 2020. One 
exception is pulp, paper, and print, whose coverage stands at 43 percent in 2020 and 
whose emissions were partly covered as soon as 1990. 

Early coverage of emissions in the pulp, paper, and print industry is due to Norway and 
Sweden introducing carbon pricing mechanisms in the early 1990s; both countries did 
and do account for a large share of world production and emissions in that industry. 
Thus, looking at coverage of world industrial sectors allows for an additional 
observation: some jurisdictions have an outsize effect on the coverage of international 
emissions of some sectors. This suggests that substantial progress toward 
comprehensive carbon pricing (or, more broadly, climate policy) coverage within each 
sector could be achieved by encouraging a limited number of jurisdictions 
representing a large share of its emissions to add a carbon pricing mechanism (Victor 
et al., 2017). This perspective is especially relevant in light of recent discussions and 
policy initiatives that focus on emissions-reduction pathways at the sectoral level.17 

 
16 The power sector is almost systematically included in the scope of a carbon pricing 
mechanism upon its inception. This is driven by both the large share of jurisdictions’ emissions 
that it typically represents and the availability of (now) relatively cheap emissions abatement 
options, such wind and solar power generation. 

17 This is the case, for instance, of the regulation of emissions from international aviation 
(through the International Aviation Transport Association) or international shipping emissions 
(through the International Maritime Organization). 
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Figure 3. Share of world industrial sector CO2 emissions covered by a 
carbon pricing mechanism, by sector 

 

4.2 Average Emissions-Weighted Prices 

The coverage of carbon pricing mechanisms not only allows for a clearer 
understanding of how comprehensively jurisdictions price carbon but also provides 
the necessary building block to calculate the average price of a jurisdiction’s or world 
industrial sector’s emissions. Having shed light on the emissions coverage of existing 
carbon pricing mechanisms, I now turn to these prices.  

In 2020, the world average price on CO2 emissions was $2.4.18 This is similar to Gaspar 
(2021), which places the average price at $3/ton of CO2. This low price is largely due to 
low global coverage of emissions (see previous section) and hides significant country 
and sectoral heterogeneity. At the jurisdiction level, the price is $0–$74/tCO2. Among 
OECD countries, the average 2020 price was $5.5/tCO2, whereas it was $0.10/tCO2 
among middle-income countries.19 

 
18 All prices are expressed in 2019 USD. All quoted averages, including country group averages, 
are emissions weighted. Arithmetic (unweighted) averages are higher, suggesting that some 
larger emitters within these groups do not price emissions. 

19 This price is calculated as the average price across middle-income countries included in the 
dataset. As some such countries are not in the dataset, the quoted price is a slight 
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Furthermore, although nominal carbon prices may be high in some sectors, these may 
represent a small share of a jurisdiction’s total emissions. This leads to economywide 
average prices being typically lower. Thus, the average price provides a more accurate 
representation of the actual stringency of a jurisdiction’s carbon pricing mechanism. It 
also illustrates the gap between some jurisdictions’ highest price (across all sectors 
and fuels) and the average price of emissions actually created by the mechanisms 
(Figure 4). A jurisdiction implementing a mechanism with high (low) prices but narrow 
(broad) emissions coverage will result in a low average price. By the same token, this 
discrepancy could be driven by the fact that, despite broad coverage, emissions are 
subject to very different prices across sectors.20 

In 2020, the average difference between the highest and emissions-weighted carbon 
price in a jurisdiction was 59 percent, suggesting that average prices are substantially 
below “advertised” prices. Denmark, Finland, France, and New Zealand have 
economywide average prices that are close to their maximum price, suggesting that (i) 
they subject a large share of their emissions to a carbon price and (ii) this price is 
close to the maximum price across all sectors of the economy. By contrast, Norway, 
Switzerland, and the synthetic World jurisdiction exhibit large differences between the 
maximum and average price of emissions. Such wide gaps may, when emissions are 
covered by neither carbon prices nor policies creating implicit prices on emissions, 
suggest substantial inefficiencies in the jurisdictions’ climate policy mixes and raise 
the overall cost of their climate policy.  

Figure 4. Maximum and (emissions-weighted) average price on CO2 
emissions in 2020, by jurisdiction 

 
overestimate of the actual average price in that group of countries. The middle-income country 
group is as defined by the World Bank. See this page for a full list.  

20 Some sectors, such as power generation and manufacturing, are almost systematically 
included in the scope of existing carbon pricing mechanisms, whereas others (e.g., road 
transport and buildings heating and cooling) have been left out. 

https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
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Although political economy constraints may partly explain the discrepancy between 
maximum and average carbon prices (Cullenward and Victor, 2020), sustained 
differences in price across economic sectors distort emissions-reduction incentives 
and may induce inefficient changes in economic structure or emissions intensity.21 
Therefore, they may further strengthen the political economy barriers that prevented 
their implementation in the first place.  

In addition, the systematic differentiated sectoral treatment at the jurisdiction level 
leads to heterogenous cross-sectoral prices for world industrial sectors (Figure 5). In 
2020, emissions from the pulp, paper, and print sector had the highest price ($6/tCO2), 
followed by the petroleum refining sector ($5.1/tCO2). The average price in all other 
sectors was below $3/tCO2. Reflecting jurisdictions’ sectors shares in world sectoral 
emissions, it is clear from Figure 5 that certain jurisdictions are driving the variation in 
world prices for these sectors. For instance, the world price of CO2 in the pulp, paper, 
and print industry increased the most when the EU ETS was introduced, suggesting 
that a large share of its output was located in jurisdictions covered by the 
mechanism.22 

Figure 5. Carbon prices in selected industrial sectors 

Note: The significant variation on observed between 2005 and 2009 in the power and 
manufacturing sectors is due to the fluctuations in price of the emissions allowance in the 
European Union Emissions Trading System. 

 
21 I am grateful to Billy Pizer for pointing this out. 

22 The figure gives hints as to the geographical location of industries’ output. Given that the 
emissions intensity (emissions per unit of output) within a sector may differ across 
jurisdictions, territorial industrial emissions are not a perfect indicator of actual output. Hence, 
relative shares of world emissions do not necessarily translate into similar shares of world 
output.  
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Differences in the economywide average or sector-level prices on their own do not 
allow for inferring differences in emissions reduction, because the sensitivity of 
emissions to a given carbon price (i.e., the elasticity) across jurisdictions (at the 
economy or sector level) varies. In other words, an equivalent economywide average 
price of CO2 in two different countries (or sectors) cannot be interpreted as inducing 
equivalent emissions reductions. However, it remains valid to consider that the two 
countries (or sectors) have equivalent average price or, equivalently, that they apply 
the same average penalty to their respective CO2 emissions.  

 

5. The Carbon Pricing Gap 

The previous sections presented recent developments of carbon pricing mechanisms 
and highlighted some inconsistencies related to their own design. In this section, I take 
a global perspective and examine these policies’ contribution to addressing the global 
climate externality.  

I refer to two approaches used to determine the value of carbon: the social cost of 
carbon (SCC) and the marginal abatement cost. These are guided by different 
theoretical underpinnings. The former, also referred to as the “marginal damages 
approach,” indicates the value of the future environmental and social impacts of one 
additional ton of CO2 emissions. The latter, also called the “target-consistent 
approach,” provides a value of emissions based on the marginal cost of achieving a 
particular emissions target. Following the first approach, the price of emissions should 
be set at the value of the SCC. In the second, the price of emissions should be set at 
the marginal cost associated with the marginal abatement achieving the budget.23 

Both approaches highlight a significant marginal gap between observed carbon prices 
and those they recommended.24 Current estimates of the average value of the global 
SCC used by the US government are $14/tCO2–$76/tCO2 in 2020 and $19/tCO2–
$89/tCO2 in 2030 (Interagency Working Group on the Social Cost of Greenhouse 
Gases, 2021). The analysis in previous sections showed that the average price on 
global CO2 emissions was $2.4/tCO2 in 2020. This implies a marginal gap of $12.6–
$73.6 in 2020 and $16.6–$86.6 in 2030. Furthermore, although this approach holds 
general insights for climate policy making, it is particularly relevant in the US context, 
where the SCC plays an instrumental role in the administrative process justifying 

 
23 Note that in the context of a cap-and-trade mechanism with unconstrained intertemporal 
trading, the quantity constraint on emissions will dictate the initial price of emissions and its 
(dynamically efficient) path (Rubin, 1996). 

24 This approach to measuring the gap differs from that taken in OECD (2015, 2018). In these 
analyses, the carbon pricing gap is defined, for a given benchmark (BM), as 
CarbonPricingGapBM = 100% – CarbonPricingScoreBM. The score for a given benchmark is 
the percentage of a country’s emissions price at or above that benchmark.  
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federal agencies’ actions regulating the emission of GHG. In 2020, the average price of 
US CO2 emissions, arising from state-level pricing mechanisms, was $0.72/tCO2, 
implying a marginal gap of $13.28–$75.28. 

Alternatively, we can compare to the prices deemed necessary (not sufficient) to 
achieve the goal of the Paris Agreement. The Stern-Stiglitz High-Level Commission on 
Carbon Prices (2017) stated that “the explicit carbon-price level consistent with 
achieving the Paris temperature target is at least US$40–80/tCO2 by 2020 and 
US$50–100/tCO2 by 2030, provided a supportive policy environment is in place.”25 
Consequently, the global marginal carbon pricing gap is at least $38-$78/tCO2 in 2020 
and at least $48–$98/tCO2 in 2030. 

 

  

 
25 Rafaty et al. (2021) estimate, based on estimated price elasticities in sectors subject to 
carbon pricing, that achieving emissions reduction compatible with the Paris Agreement would 
require a global carbon price of at least $250/tCO2 from now until 2050. Given the political 
intractability of such high prices, this figure emphasizes the need for complementary policies in 
achieving the Paris target. 
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6. Discussion 

Two observations are necessary. First, the extent of the marginal carbon pricing gap 
as discussed in section 5 depends on the scope of climate policies imposing a price on 
emissions considered. The scope in this paper is narrow, limiting the analysis to 
mechanisms creating an explicit price on CO2 emissions and whose design relates this 
price directly to the carbon content of the source. Extending the scope of policies to 
instruments placing an implicit (shadow) price on emissions (such as feed-in tariffs or 
renewable portfolio standards) would reduce that gap.26 

Estimating the implicit price created by these policies and, more broadly, by countries’ 
NDCs submitted under the Paris Agreement framework is methodologically more 
demanding. Carhart et al. (2020) provide an assessment that considers other forms of 
carbon taxation (i.e., excise duties on fuel), as well as subsidies (but not standards-
based policies) and estimate the “comprehensive” price at $12.9/tCO2 in 2019 for 25 
countries representing 82 percent of world CO2 emissions. As explained in section 1, 
however, only a portion of the rates of fuel duty rates should be accounted for 
calculating the penalty imposed on GHG emissions by these instruments. Some steps 
have been taken to develop methodologies allowing for the monetization of countries’ 
nonprice mitigation policies. IMF (2019) calculates the stringency of some standards-
based policies equivalent to the emissions-reduction impact of a $70/tCO2, based on 
an existing dataset of fuel price elasticities.27 
The second observation is that the economywide ECP is calculated based on sector- 
or sector-fuel-level marginal prices; that is, recorded prices represent the incentive to 
abate an additional ton of CO2 emissions and do not account for tax-free emissions 
allowances (such as in the South Africa carbon tax) and freely allocated emissions 
allowances in emissions trading systems. Hence the economywide average ECP 
discussed herein is the average marginal incentive to abate emissions within a given 
jurisdiction. It does not measure the average cost of emissions resulting from carbon 
pricing mechanisms, nor does it allow for calculating the total cost of emissions.28 

 

 
26 For a detailed sectoral review and record of the incentives and instruments implemented by 
jurisdictions around the world, see REN21 (2021). For the power sector, see specifically Table 6, 
p. 84 of that report. 
27 These approaches combine information on the intended emissions reduction with 
assumptions about the fuel (or emissions) price elasticities in sectors subject to regulation. 
Calculating the carbon price equivalent of policies in this way reflects both the policy 
stringency and the sensitivity of emissions to prices. 
28 Integration of information on tax-free and freely allocated emissions allowances is the focus 
of ongoing work. 
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7. Conclusion 

The current international climate policy architecture centers around a common 
objective but different (nationally determined) contributions. Furthermore, policies 
developed to achieve stated contributions differ in nature, design, and scope. To 
assess progress against the common objective, a standardized assessment framework 
for enacted policies is essential. This paper introduced a methodology allowing for an 
assessment of one type of climate policy: carbon pricing mechanisms.  

In the context of the pledge and review process agreed under the Paris Agreement, 
such standardized assessments are of the essence. They provide the necessary 
transparency about policy initiatives, allowing for a more accurate assessment of their 
emissions-reduction potential and, once implemented, a more precise review of their 
realized impact on emissions. This, in turn, provides the necessary tools and data to 
hold parties to account and build trust between them. 

Unfortunately, the first global assessment of carbon pricing mechanisms shows that 
the world as a whole continues to fall short of recommended levels to achieve the 
Paris Agreement objective. It does, however, have a silver lining: by creating a 
common approach to assessing respective carbon pricing policies, it creates an 
essential building block to potentially strengthening them. 

While accounting for a more comprehensive set of climate policies de facto reduces 
the pricing gap, the world remains nowhere near levels of carbon prices compatible 
with the Paris Agreement. Even if some differences across countries are to be 
expected due to differences in income, very few jurisdictions achieve average carbon 
prices in line with either the SCC or consistent with their emissions-reduction target. 
At the jurisdiction level, only Norway and Sweden had average economywide carbon 
prices do so. None of the world industrial sectors’ emissions had charges in line with 
that recommendation either. 

Achieving the goal of the Paris Agreement requires closing the global carbon pricing 
gap. This implies increasing the penalty on countries’ emissions through policies that 
put an explicit or implicit price on them. In theory, the gap could be closed by 
strengthening policies creating either an explicit or implicit price. However, policies 
with an explicit price on emissions, such as carbon pricing mechanisms, have the 
added advantage of raising revenue that could be used both to compensate those 
individuals most affected by the rise in the price of CO2-intensive products and 
provide funds necessary to support policies incentivizing the development and 
deployment of CO2-reducing technologies. 
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