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[bookmark: _hyfgfkagcdvl]EXECUTIVE SUMMARY

Key Objectives & Results

The value of carbon offsets as a tool for reducing greenhouse gas emissions has been the subject of many recent debates. With an increasing number of governments instituting compliance carbon pricing schemes to economically motivate emissions reductions, it is imperative for policymakers to understand the implications of allowing for offset use within these schemes. However, few studies have investigated the impact that offset use allowance within compliance schemes has on scheme ambition and emissions reduction potential. Our paper seeks to fill this gap by quantitatively researching the impact of offset use on the carbon price within compliance schemes.	

Through a panel data regression model analyzing data across 68 national and sub-national compliance schemes from 2010 to 2021, we have determined that schemes that allow for offset use have higher carbon prices than those that do not. These results indicate that allowing for carbon offset use can help governments increase their emissions reductions potential in compliance pricing schemes.

Summary

In an effort to curb greenhouse gas (GHG) emissions to avoid the worst impacts of climate change, carbon pricing mechanisms have become a popular tool for countries to incorporate into their emissions reduction plans (Caciagli, 2018; Jernnäs et al., 2019). The most common pricing mechanisms are carbon taxes and emissions trading systems (ETS) (World Bank, 2022). A carbon tax is a policy that places a fee on each unit of GHG emissions emitted, while an ETS sets a cap on emissions through tradable emission permits (World Bank, 2022). There are currently 47 national and 36 subnational jurisdictions across the globe implementing compliance carbon pricing schemes, which collectively cover about 23% of global annual GHG emissions (World Bank, n.d.).

Compliance schemes can differ in a variety of design factors, such as the emissions cap or sector coverage. Each of these features can impact the carbon price level of the scheme, which in turn impacts the scheme ambition, or its potential for reducing GHG emissions. Our project focuses on one particular carbon pricing scheme feature: the use of offsets. 

A carbon offset “is a reduction [or removal] in emissions of carbon dioxide or greenhouse gasses made in order to compensate for or to offset an emission made elsewhere” (Tsai et al, 2020). Carbon pricing schemes can include carbon offset mechanisms by allowing regulated entities to buy up to a certain number of carbon offsets as an alternative to tax payments or carbon allowance purchases. 

It is currently a subject of debate if allowing for offset use affects the ambition of compliance schemes. Advocates for offset use argue that it incentivizes emissions reductions beyond what is achievable within the regulated sectors and provides a cost-effective, flexible way for regulated entities to meet compliance targets (La Hoz Theuer et al., 2023). Meanwhile, critics argue that offset programs do not have sufficiently stringent protocols to ensure actual or additional GHG reductions (Badgley et al. 2021). However, no studies have quantitatively investigated the impact that offset use has on the emissions reduction potential of compliance schemes. As carbon pricing mechanisms continue to increase their coverage of global emissions, and as offsets continue to become more prominent, it is imperative that decision makers have the knowledge and tools to understand how offset inclusion may impact the carbon price and the ambition of schemes. Our research aims to fill the research gap by answering the question: Does allowing for carbon offset use within compliance pricing schemes impact the carbon price signal? 

To answer our research question, we used a clustered standard errors random effects panel data regression model to analyze the impact carbon offset use has on our continuous dependent variable, carbon price. We analyzed 68 schemes across national and subnational jurisdictions from 2010 to 2021 and collected approximately 50 variables for the model. The variables include scheme characteristic and design, offset use properties, and external socio-economic variables that have been shown to impact carbon price (Best & Zhang, 2020; Levi et al., 2020; Lin & Jia, 2019; Batten et al., 2020). 

Our final statistical model included carbon price as the dependent variable and a binary variable for allowing offset use. Additional explanatory variables include a binary variable determining if the scheme is a tax or an ETS, an interaction binary variable describing if the scheme is a tax that allows for offsets, GDP per capita, GHG emissions per unit of GDP, the government effectiveness index, the renewable energy consumption in the country, the jurisdictional emissions covered by the pricing scheme, the globalization index, the climate awareness index, and maximum temperature. 

Our model results demonstrate that offset use within carbon compliance pricing schemes has a positive significant (p<0.05) impact on carbon price, meaning that the carbon price is higher for schemes that allow offset use. Higher carbon prices motivate greater emissions reductions, thus increasing the GHG reduction potential of the compliance scheme. We believe that these results potentially indicate that governments allowing for offset use in compliance schemes are leveraging the flexibility of offset mechanisms to further reduce their GHG emissions. 

Our research only scratches the surface of the potential impacts of offsets and ambition of carbon compliance pricing schemes. Future research should delve into the impact of offsets on other proxies for ambition, such as the size of an emissions cap within an ETS or the emissions coverage of a scheme. In addition, in-depth attention should be paid to equity concerns caused by increased carbon prices. Lastly, we believe future research focusing on how offsets can impact corporate climate ambition would be very valuable to governments and NGOs designing the increasingly growing voluntary carbon market.
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[bookmark: _mi10h7mzyc5q]GLOSSARY OF TERMS

AFOLU 	Agriculture, Forestry, and Other Land Use
CaT		Cap and Trade
CDM 		Clean Development Mechanism
CO2 		Carbon Dioxide
CO2e 		Carbon Dioxide Equivalent
ETS 		Emission Trading System
EU 		European Union
GDP 		Gross Domestic Product
GHG 		Greenhouse Gas
IMF 		International Monetary Fund
Mt 		Metric Tonne
NDC 		Nationally Determined Contribution
OECD		Organization for Economic Co-operation and Development
RGGI 		Regional Greenhouse Gas Initiative
SCC 		Social Cost of Carbon
tCO2e		Ton of Carbon Dioxide Equivalent
UN 		United Nations
UNFCCC	United Nations Framework Convention on Climate Change
USD 		United States Dollars
VCM 		Voluntary Carbon Market
[bookmark: _rtjcrlwrpft7]1. INTRODUCTION

Urgent global action is needed to curb emissions and avoid the worst impacts of anthropogenic climate change. Fueled by greenhouse gas (GHG) emissions, climate change is a major driver of rising global surface temperatures and extreme weather events, which are causing devastating impacts such as water scarcity, ocean acidification, and exacerbating inequalities (Intergovernmental Panel on Climate Change, 2023). To respond to these challenges, the Paris Agreement was adopted by 196 nations in 2015 (United Nations Framework Convention on Climate Change (UNFCCC), n.d. Paris) with the goals to limit global warming “to 1.5ºC above pre-industrial levels” (UNFCCC, 2015, p. 5), enhance climate adaptation, and support low-emission pathways (UNFCCC, 2015). Each country participating in the international agreement is required to develop and routinely update Nationally Determined Contributions (NDCs) in which they set their domestic GHG emissions reduction goals (UNFCCC, 2015).

Market-based mechanisms have become a popular emissions reduction tool for countries to incorporate in their NDCs (Caciagli, 2018; Jernnäs et al., 2019).[footnoteRef:1] As an increasingly frequent strategy to tackle a range of environmental problems (Freeman & Kolstad, 2006) and climate change specifically (Woerdman, 2004), market-based mechanisms create economic incentives for individuals, businesses, and governments to seek cost-effective ways to reduce GHG emissions (Gayer & Horowitz, 2006). Market-based mechanisms also allow for flexibility and innovation, as participants can choose the most efficient strategies for reducing emissions (Stavins, 2003). In addition, they can generate government revenue that can be reinvested in further emissions reduction efforts (Tsai et al, 2020). The design of market-based mechanisms is dependent on country-specific policy decisions (Jernnäs et al., 2019) and the type of mechanism selected. [1:  “Market-based mechanisms” here refers to both carbon taxes and ETSs, whereas some literature, such as Jernnäs et al. (2019), categorizes taxes in a separate “economic measures” category.] 



Overview of Carbon Taxes, ETSs, and Carbon Price

The most common market-based mechanisms for climate mitigation are carbon taxes and emissions trading systems (ETS) (World Bank, 2022). A carbon tax is a government policy that places a fee on each unit of GHG emissions, while an ETS sets a cap on emissions and allows companies to trade permits to emit (often called allowances), creating a market for emissions reductions (World Bank, 2022). Both carbon taxes and ETSs are forms of direct carbon pricing schemes (World Bank, 2022).

A carbon price monetarily captures the external costs and damages incurred by the public with each additional ton of carbon dioxide equivalent (tCO2e)[footnoteRef:2] emitted (Narassimhan et al., 2017; World Bank, 2022). By placing the costs of emissions back on the polluter, a financial incentive to reduce emissions is created (World Bank, 2022; Organisation for Economic Co-operation and Development (OECD) & World Bank, 2015). The carbon price of a scheme is set in different ways between carbon taxes and ETSs. [2:  While called a “carbon price,” carbon pricing mechanisms can be applied to all GHGs. Emissions of other GHGs are commonly measured in the equivalent quantity of carbon dioxide (CO2e). Schemes vary by which GHGs are included and regulated.] 


Within a carbon tax scheme, the carbon price refers to the fee set by the government that regulated entities must pay per unit of CO2e emissions (World Bank, 2022). While the carbon price of the scheme is certain, the resulting quantity of emissions reductions are uncertain because taxes do not place a fixed limit on the amount that can be emitted (Murray et al., 2009). Governments consider a variety of factors when determining the tax rate, including their NDC emissions reduction targets, the social cost of carbon (SCC)[footnoteRef:3], and additional political and economic indicators, which are discussed in more detail in the “what dictates carbon price” section below. [3:  The SCC is “the present value of estimated environmental damages over time caused by an additional ton of carbon dioxide emitted today.” (C2ES, n.d.). It should also account for harm done to society as a result of emissions.] 


In comparison, the carbon price in ETSs is driven by the market demand for emissions allowances. The supply of allowances is determined by the emissions cap, which makes emissions reductions more certain under ETSs than a carbon tax (Black et al., 2022). A cap can be set using a top-down approach which is derived from the emissions reduction target, or a bottom-up approach which is determined by summing the allowances allocated to the regulated entities (Pang and Duan, 2015). The demand for allowances is dependent upon the regulated entities’ emissions levels. Regulated entities will need to purchase additional allowances if their emissions exceed their allotted allowances, or they can sell their surplus if their emissions levels are lower (World Bank, 2022). As a result of the fluctuating allowance market, carbon price in an ETS is subject to more price volatility and uncertainty compared to a carbon tax (World Bank, 2022).

Carbon taxes and ETSs are both forms of compliance carbon pricing schemes, which are distinct from the voluntary carbon market (VCM). Compliance schemes exist in regulatory carbon markets managed by governments that require regulated entities to comply with reduction targets and mechanisms. In contrast, the VCM provides companies and people the opportunity to purchase carbon credits to reduce emissions and meet their own goals, outside of regulated emissions reductions (Carbon Offset Guide, n.d.). The VCM has a current value of about $1 billion USD (World Bank, 2022), while the value of global compliance markets surpassed $850 billion USD in 2021 (BloombergNEF, 2022).


Is the Price Right? Current State of Market and Pricing

There are currently 47 national and 36 subnational jurisdictions across the globe covered by implemented compliance carbon pricing schemes, which collectively cover about 23% of global annual GHG emissions (World Bank, n.d.). With carbon prices ranging from less than a dollar to over $100 USD per tCO2e across the schemes (World Bank, n.d.)[footnoteRef:4], the International Monetary Fund (IMF) concludes that the current average carbon price in compliance schemes globally is no more than $6 USD/tCO2e (Black et al., 2022).  [4:  At the time of writing, the World Bank’s Carbon Pricing Dashboard lists the carbon price of the Massachusetts ETS to be $0.50 USD/tCO2e and that of Uruguay’s carbon tax as $137.30 USD/tCO2e (World Bank, n.d.).] 


The World Bank (2022) and the IMF (Black et al., 2022) emphasize that the current average carbon price is not high enough to motivate the changes needed to achieve the 2ºC Paris Agreement targets. Many economists argue that a carbon tax should be set at the same rate as the SCC and increase overtime to account for the growing threat of climate change (C2ES, n.d.). The SCC currently suggested by the U.S. government is $51 USD/tCO2e (IWG, 2021), with some literature recommending as high as $185 USD/tCO2e (Rennert et al., 2022). Similarly, a survey of economists concluded that a median carbon price of $100 USD/tCO2e is needed to reach the Paris Agreement goals, with a range of $50 - $250 USD/tCO2e (World Bank, 2022). 

In addition to the range of prices presented above, other literature debates if the price should fluctuate by country (D’Autume & Schubert, 2016; Weitzman, 2014) or even by business cycle (Doda, 2016). Still others discuss the inequitable impacts that carbon pricing can have on disadvantaged communities, considering that each $1 USD/tCO2e of carbon pricing can add $0.01 to the price of a gallon of gasoline (Boyce, 2018), and voice that the price itself carbon pricing should be paired with policies that drive the revenue generated from pricing schemes back to low-income consumers to mitigate disproportionate impacts (Klenert et al., 2018; Mountford & McGregor, 2018).

Ongoing discussions about the right price level commonly identify carbon price as a key marker of the level of ambition of a carbon pricing scheme (Steinebach et al., 2020; Vogt-Schilb & Hallegatte, 2017; Dominioni, 2022). Pricing scheme ambition signifies its ability to motivate the greatest amount of emissions reductions and achieve the goals of the Paris Agreement (United Nations Environment Programme, 2022), with higher carbon prices typically associated with higher levels of ambition (Steinebach et al., 2020). Additional components of pricing scheme ambition include the amount of emissions covered by the scheme and the decreasing rate of the cap of emissions (Steinebach et al., 2020). The more sectors covered by a scheme and the more stringent the cap, the greater the emissions reduction potential. While scheme coverage and cap are significant and intertwine with price, the analysis of this paper focuses on the price of carbon.


What Dictates Carbon Price

Since the implementation of the first carbon tax in 1990, academic literature and econometric research has emerged to determine the factors that impact carbon price. A range of studies have investigated the main drives of carbon price, including how and which socio-economic factors within a pricing scheme affect the carbon price (see Best & Zhang, 2020; Levi et al., 2020; Lin & Jia, 2019; Batten et al., 2020; Aatola et al., 2013; Dolphin et al., 2016; Rafaty, 2018). Many of these explanatory factors hint at the political challenges governments face when instituting ambitious climate policies. For example, high fossil fuel dependence within an economy is negatively correlated with carbon price, likely due to the opposition governments would face from their citizens and fossil fuel lobbies if a carbon price increased the price of fuels too drastically (Best & Zhang, 2020; Dolphin et al., 2016). 

Within ETSs especially, energy prices play a significant role in the market price of carbon given the high quantity of GHG emissions originating from energy use. Higher coal prices motivate transitions to less emission-intensive fuels, such as gas, which frees up emission allowances and therefore lowers the carbon price (Batten et al., 2020; Christiansen et al., 2005). In contrast, higher gas prices and electricity prices that lack cleaner fuel alternatives are associated with higher carbon prices (Batten et al., 2020).

A variety of studies have also demonstrated how emissions levels and resulting carbon prices fluctuate by economic cycles. Economic performance, as measured by GDP (Dolphin et al., 2016), is associated with higher carbon prices (Best & Zhang, 2020). Through a rigorous econometric analysis, Alberola et al. (2009) demonstrated that GHG emissions rise along with increasing production, which caused an increased demand on emissions allowances - and thereby an increase in carbon price - by operators seeking to cover their emissions. Conversely, economic downturns have been seen to reduce emissions, lowering both the demand for and the price of emissions allowances (Zhu et al., 2019). For example, the carbon price in the EU ETS dropped from highs of 30 euros per tCO2e to just 2.5 euros per tCO2e during the 2008 economic recession due to declined European manufacturing (Zhu et al., 2019). Similarly, studies are beginning to demonstrate how the COVID-19 pandemic led to reductions in GHG emissions (Ray et al., 2022) and declines in EU carbon prices (Dong et al., 2021). These studies illustrate how significantly economic factors can impact the fluctuations, stability, and volatility of carbon price.

Carbon price is also influenced by political, social, and natural factors. Globalization, defined as a nation’s interdependence and trade connections with other countries, is correlated with higher carbon prices (Best & Zhang, 2020), likely in part due to nations enacting carbon pricing systems if their trade partners and competitors do the same (Steinebach, 2020). In addition, citizen opinions play a large role, both in terms of their perception of the government and of climate change. Notably, carbon prices decline in jurisdictions where citizens perceive high rates of government corruption (Best & Zhang, 2020; Rafaty, 2018). In terms of climate change, prices increase as more people are aware of climate change (Best & Zhang, 2020; Levi et al., 2020). However, prices decrease with increased perception of the seriousness of climate change, likely in favor of more direct results-based policies rather than market-based mechanisms (Best & Zhang, 2020). Batten et al. (2020) also demonstrated how unanticipated changes in temperature related to increased carbon prices.

While the variables described above demonstrate how factors external to the pricing scheme impact carbon price, carbon price can also be impacted by characteristics of the pricing scheme itself, such as the emissions cap and scope. Lin & Jia (2019) demonstrate this relationship through an analysis of the Chinese national ETS. Their work demonstrates that a reduction in the number of allowances provided each year increases the carbon price through supply and demand principles (Lin & Jia, 2019). In light of this dynamic, it is common in ETSs for the emissions cap and the corresponding number of emissions allowances to decline overtime to incentivize reductions and ensure the jurisdiction meets their emissions reduction targets. For example, the Switzerland ETS industry cap decreases by 1.74% each year (International Carbon Action Partnership (ICAP), n.d.). If the cap is set too high and surpasses demand for allowances, it can cause issues of over allocation. Overallocation can lead to lack of innovation, “low allowance prices, delayed emissions reductions, and the establishment of a large allowance bank that allows for greater future emissions” (McAllister, 2009, p. 443). In contrast, expanding the scope of the scheme to include more industries has been shown to lower the carbon price, as industries better able to abate emissions can flood the market by selling unused allowances (Lin & Jia, 2019). Investigating the impact of scheme design on carbon price begs the question of how different scheme structures and flexibility mechanisms impact carbon price, such as the inclusion of offsets.


Offset Inclusion

One way that carbon pricing schemes can differ from one another is by whether or not they allow for offset use. A carbon offset “is a reduction [or removal] in emissions of carbon dioxide or greenhouse gasses made in order to compensate for or to offset an emission made elsewhere” (Tsai et al, 2020). Carbon pricing schemes can include carbon offset mechanisms as an alternative to tax payments or carbon allowance purchases by allowing regulated entities to purchase up to a certain number of carbon offsets to compensate for a certain quantity of emissions. 

To qualify for use within a compliance pricing scheme, carbon offsets typically must be generated by projects that are registered under approved offsetting standards and adhere to specific protocols for measuring the amount of CO2e reduced or removed (World Bank, 2022 lists offset requirements per compliance scheme). Protocols vary by the type of carbon project, which may fall under a variety of sectors such as energy, forestry, or waste (World Bank, 2022). Each scheme may differ in terms of which types of carbon offsets are allowed to be used within the scheme (World Bank, 2022). For example, schemes may require offsets to be bought from projects within the same country as the scheme or may only allow offsets from certain sectors (World Bank, 2022). Schemes may also differ in their offset limit, which is the amount of offsets that can be used to meet compliance requirements. As an example, the California Cap and Trade system allowed regulated entities to purchase carbon offsets to compensate up to 8% of their emissions through 2020 (California Air Resources Board, n.d.).

Offsets and Ambition

It is currently a subject of debate if allowing for offset use increases or decreases the ambition of a compliance scheme. Advocates for offset use argue that it incentivises emissions reductions beyond what is achievable within the regulated sector and provides a cost-effective and more flexible way for regulated entities to meet compliance targets (La Hoz Theuer et al., 2023). This increased flexibility and cost reduction is also said to increase the political feasibility of instituting a pricing scheme at all (Swartz, 2019) and may also allow policy makers to increase stringency elsewhere in the scheme. 

On the other hand, while the development of offsets has been growing (Sapkota et al. 2020), the use of offsets in both voluntary and regulatory programs has entered the spotlight amid accusations that offset programs do not have sufficiently stringent protocols to ensure actual or additional GHG reductions (Badgley et al. 2021). While a variety of initiatives and best practices have been established to enhance the integrity of carbon offsets (Integrity Council for the Voluntary Carbon Market, n.d.; Voluntary Carbon Markets Integrity Initiative, n.d.), the prevalence of these concerns and their entrance into popular media (see Lahiri & Wolff, 2023; Greenfield, 2023; and Oliver, 2022 as examples) - has spurred many discussions about the role that carbon offsets should play in achieving Paris Agreement goals.

As market-based mechanisms continue to increase their coverage of global emissions, and as offsets continue to become more prominent in voluntary and regulatory spaces, it is imperative that decision makers have the knowledge and tools to design interactions between offsets and pricing schemes in their jurisdiction. A crucial component of policy design is understanding how offset inclusion may impact the carbon price of the scheme, and therefore the ambition of the scheme as a whole.

The significant benefits or risks presented by the use of offsets in regulatory carbon pricing schemes lacks sufficient research support. Despite ongoing arguments and the rising number of schemes that allow for the use of offsets (Figure 1), we have not found any comprehensive and quantitative studies that look at the trends and impacts of offset use on carbon price in carbon taxes and ETS’s at a multinational level over a significant timeframe. In 2011, Trotignon investigated the impacts of offsets in the EU ETS during 2008 - 2009 but specifically noted that the impact of offsets on price remained unresolved. Research since then, as far as we are aware, still has not answered this question. Wang-Helmreich and Kreibich (2019) discuss the impacts that domestic offsets can have on carbon tax systems but focus on Colombia, Mexico, and South Africa, and do not investigate the impact of offsets on price. Both Shrestha et al. (2022) and La Hoz Theuer et al. (2023) investigate offset use within ETSs, but again do not do so quantitatively and Shrestha et al. focuses solely on forestry offsets. 

 [image: ]
Figure 1. Number of implemented compliance schemes (including the EU, national and sub-national schemes, and both carbon taxes and ETSs) and the number of those schemes that allow for offset use.

Our research aims to contribute to the research gap by quantitatively answering the question: Do carbon compliance pricing schemes that allow for the use of carbon offsets see an impact on their implemented carbon price signal? Answering this question will help policy-makers decide if the risks of allowing offset use are balanced by contributing to higher carbon price ambition. We hypothesize that schemes that allow for offsets will see a greater implemented carbon price on average in comparison to schemes that do not allow for offsets, controlling for external socio-economic and scheme design variables. Our hypothesis derives from the previously discussed literature suggesting that offsets ease compliance costs while also presenting significant quality risks. Lower costs should allow governments to increase their ambition and higher risks should require counterbalancing measures of a higher ambition.


[bookmark: _vrbvb6iqchvm]2. METHODS

To answer our research question, we applied a panel data regression model to determine the relationship between offset use and the jurisdictional carbon price signal. Our unit of analysis is individual carbon pricing schemes functioning from 2010 to 2021. We analyzed both emission trading systems and carbon taxes at the national and subnational levels to identify trends and differences within regulatory carbon pricing.

We selected the 2010 to 2021 timeframe in order to capture the greatest number of schemes, while also recognizing a lack of scheme design data availability for earlier years. Including over a decade within our analysis also allowed us to better collect explanatory variables, such as jurisdictional population, which are often dependent on government 10-year reporting cycles. While the COVID-19 pandemic impacted carbon prices in some schemes (Dong et al., 2021), the voluntary carbon market and interest in carbon offsets grew by about four times in 2021 (Porsborg-Smith et al., 2023). Despite these variations, including 2020 and 2021 were important to present results accurate to current market realities and to include sufficient data for newer schemes.

We excluded schemes from our study that started after 2021, as they fall outside of our timeframe. We also did not include abolished schemes or pilot schemes because, at the time of analysis, the relevant  governments did not provide sufficient data on the structure of the programs to be used in the analysis.

In total, our study includes 68 ETSs and carbon taxes at the national and sub-national level, along with the EU ETS. Of the schemes analyzed, about 40% of them allow for offset use. The categorization of these schemes is shown in Table 1. The table can also be found in Appendix 1 with scheme names included. The schemes analyzed include schemes in 35 countries across the globe, as shown in Figure 2.

Table 1. Categorization of the 68 compliance schemes included in analysis by scheme type, jurisdictional scale, and offset use. The EU ETS is included as a national scheme.

	
	ETSs
	Carbon Taxes
	

	
	National
	Sub-National
	National
	Sub-National
	Total

	Allows Offset Use
	4*
	16
	6
	0
	26
(38%)

	Excludes Offset Use
	6
	6
	22
	8
	42
(62%)

	Total
	10
	22
	28
	8
	68


*The EU ETS is included as a national-scale scheme.

[image: ]

Figure 2. Map of the 35 countries with schemes included in our analysis. The map does not depict the EU ETS. Data compiled from the World Bank’s Carbon Pricing Dashboard. Map created through mapchart.net.

[bookmark: _m0ymfxdaq846]Data Collection

Approximately 50 variables were collected for use in the model, including data on carbon price and a variety of explanatory variables. Our statistical model’s dependent variable is carbon price, which we acquired for each year for each scheme from the World Bank’s Carbon Pricing Dashboard. The carbon price from this database represents the price of the fee charged per tCO2e for carbon taxes and the annual average allowance price for ETSs. 

Explanatory variables were divided into three broad categories: (1) scheme characteristics and design, (2) offset use properties, and (3) external socio-economic and environmental variables of the scheme’s jurisdiction. Scheme characteristics collected include defining features of the carbon pricing schemes that may impact carbon price, such as sectors covered and the allocation method of emissions allowances. Offset use properties include our integral variable of whether or not schemes allow for offset use, along with offset rule use such as offset limits and offset project location. The variables for scheme characteristics and offset use properties for all schemes were collected from the World Bank’s Carbon Pricing Dashboard and the ICAP ETS Map, and descriptions of the variables can be found in Appendix 2 and Appendix 3, respectively. These variables were then codified for inclusion in the model, as detailed in Appendix 4 and Appendix 5.

Socio-economic and environmental variables for the model were collected to account for external factors that can impact carbon price. Such variables included energy prices, GDP per capita, and annual maximum temperatures, with a complete list of external variables collected included in Appendix 6. Unlike the scheme and offset characteristics variables, the external variables were collected primarily through jurisdictional government sources and monetary variables were adjusted to current United States Dollars (USD) to ensure consistency across the dataset by applying the exchange rate method. Due to a lack of data availability, several external variables - such as government effectiveness and climate change perception - were collected at the country, rather than the jurisdictional, level. A detailed description of the external explanatory variable data collection is included in Appendix 7.

[bookmark: _nhamhtw8vzce]Model Development

We used a clustered standard errors random effects panel data regression model to analyze the impact of our binary variable “Inclusion of carbon offsets” on our continuous dependent variable, carbon price. We decided to use a random effects model to account for the carbon price differences between schemes as well as the differences between individual schemes across time. Moreover, using a random effects model allows us to cluster standard errors through a country identifier to account for the similarities of socio-economic and political factors across subnational pricing schemes established in the same countries. For instance, China has a national level ETS and eight regional ETSs. Most of our explanatory variables are very similar or identical among these schemes, causing a correlation that could bias our regression estimates. Similarly, there are countries that have both an ETS and carbon tax in place at the national level (e.g. UK, Switzerland, Mexico). Although they are treated as separate schemes and have different carbon price data points, the macroeconomic level explanatory variables are exactly the same, so we must account for these similarities. Additionally, time-series data is by nature temporally correlated if we view time as a cluster. In such cases, the assumption of independence is violated and can lead to Type I (false-positive) and Type II (false-negative) errors. Since accurate standard errors are essential for statistical inference, we need to make adjustments for the clustering.

To select which variables should be included in our statistical tool, we identified which variables were significantly correlated to our dependent variable, carbon price. Our goal in this process was to optimally control pricing scheme design and external socio-economic context, maximizing our explanatory power and allowing us to isolate the effect of offset inclusion. Then, we selected from these highly correlated variables the ones that were the most commonly discussed in our literature review as significant carbon price drivers. From this set, we systematically ran various regression models with different combinations of variables with the objective of finding the set that maximized our explanatory power, determined by our overall R-squared. We then normalized our dependent and explanatory variables by transforming them according to their distribution skewness, logging, or exponentiating them as appropriate.

Of the over 50 variables we collected, we retained 13 for the final model. We used the square root of carbon price as our dependent variable. Additional variables included a binary variable representing offset inclusion, a binary variable indicating an ETS versus a carbon tax, and the square root of the GDP per capita. The list of the final 13 variables and their transformations are described in Table 2.

Table 2. List of final 13 variables in model and associated transformations.

	Variable
	Transformation
	Variable
	Transformation

	Carbon Price*
	Square Root
	Allowance of Offset Use (Yes or No)1
	N/A

	Tax or ETS1
	N/A
	Interaction between Tax and Offsets
	N/A

	GDP per capita
	Square Root
	GHG emissions per GDP
	Square Root

	Government Effectiveness Index
	Cubed
	Percentage of jurisdictional emissions covered by scheme
	Natural log

	Globalization Index
	Square Root
	Climate Awareness Index
	N/A

	Maximum Temperature
	N/A
	-
	-


*Dependent variable. 1Binary variable.

We also used this full data analytical model to develop two sub analyses, one for ETS schemes and another one for tax schemes because we were interested in exploring how results differentiated between the two types of schemes given their different pricing mechanisms. As seen in table xx, when executing the sub analyses, we decided to remove and add certain variables from the respective regressions to maximize the regression’s explanatory power and to counterbalance the loss of power from the reduced number of observations.

[bookmark: _gmpt4d6t7aou]3. MODEL RESULTS
Our full data analysis finds that allowing for offsets has a significant positive effect on carbon price. We also find this significant result in our subanalysis of carbon tax schemes with the same magnitude of impact. However, when analyzing only emission trading schemes, we find no significant impact on carbon price of allowing for carbon offsets. The regression coefficients and respective statistical significance for offset inclusion in each of our three analyses can be found in Table 3.

In our full data analysis, we also found that taxes have a significantly higher carbon price than ETS’s, while we found no significant impact of our interaction variable representing the additional combined effect of a tax scheme allowing for offsets. GDP per capita and renewable energy consumed also had positive significant effects on carbon price, and both are also significant and positive in the tax and ETS analyses. The rest of our variables have mixed results throughout our analyses. 

All of our analyses had a high Between and Overall-R2, indicating that we did a satisfactory job at explaining carbon price variation between schemes and across time. The only exception may be with emission trading schemes, where the overall R2 is significantly lower than the between R2. This difference may arise from the greater variation in prices in ETS’s given their market dynamics.

All models analyze a lower number of schemes than ideal, with our full model only including 44 out of the 68 schemes that qualified for our analysis. The statistical model removes observations for which it does not have complete data, so it cuts a significant portion of our data. Most of the schemes cut in the analysis were subnational as those were the hardest to find data for our analysis, and since most subnational schemes are trading schemes, we also see a lower ETS count. The final model included 28 national schemes and 16 subnational, from these 17 were ETS’s and 27 were taxes. Of all of these schemes, 20 included offset provisions. Our ETS analysis suffers the most from having observations cut by the statistical modeling, having its observations be limited to only 21 out of the 32 schemes.

Table 3. Regression results of our full and partial observation analyses.

	Model​
	All Schemes​
	Tax​
	ETS​

	Observations​
	N=298 Sch=44​
	N=184 Sch=27​
	N= 124 Sch=21​

	R2-Between​
	0.64​
	0.71
	0.70​

	R2-Overall
	0.60
	0.70
	0.40

	Variable​
	Effect​
	Sig.​
	Effect​
	Sig.​
	Effect​
	Sig.​

	Allows Offset 1
	+​1.5
	**​
	+​1.5
	***​
	+0.46
	Ins.​

	Tax1
	+​2.09
	***​
	NA​
	NA​
	NA​
	NA​

	Offsets & Tax1
	-​1.22
	Ins.​
	NA​
	NA​
	NA​
	NA​

	GDP per Capita2
	+​0.02
	***​
	+​0.02
	***​
	+0.0016
	Ins.​

	GHG per GDP​4
	-​0.27
	Ins.​
	+​0.73
	Ins
	NA​
	NA​

	Govt. Effectiveness​2
	+​0.65
	Ins.​
	NA​
	NA​
	-​0.65
	**​

	Renewable Energy​4
	+​0.49
	*​
	+​0.64
	***​
	NA​
	NA​

	Emissions Covered​3
	+​0.23
	Ins.​
	NA
	NA
	-​0.52
	**​

	Globalization Index​4
	NA
	NA
	+​2.2
	***​
	NA​
	NA​

	Climate Awareness
	NA
	NA
	NA
	NA
	+0.134
	**

	Maximum Temperature
	NA
	NA
	NA
	NA
	-0.49
	*


Footnotes: 1: Variable is binary. 2: Variable was cubed. 3: Variable was logged. 4: Variable was square rooted.


[bookmark: _1qng621xczf4]4. DISCUSSION

The purpose of our research is to determine if the inclusion of offset use within compliance pricing schemes significantly changes the ambition of carbon pricing schemes, as measured by carbon price. Our model results demonstrate that offset use within carbon compliance pricing schemes has a positive significant impact on carbon price, meaning that the carbon price is higher for schemes that allow offset use. Higher carbon prices motivate greater emissions reductions, thus increasing the GHG reduction potential of the compliance scheme. In other words, we believe that these results potentially indicate that governments allowing for offset use in compliance schemes are leveraging the flexibility of offset mechanisms to further reduce their GHG emissions. 

However, when analyzing only emission trading schemes, we find no significant impact on carbon price of allowing for carbon offsets, and in our full data analysis, we also found that taxes have a significantly higher carbon price than ETS’s. This is interesting because ETS’s are more likely to allow for offsets compared to carbon taxes, yet there is no significant impact on carbon price. Carbon price represents different components in an ETS and tax, so we would be interested to see if the significance changes by using cap size instead of carbon price as the dependent variables.

While a variety of literature has discussed the use of offsets and different determinants of carbon price, we believe this is the first quantitative analysis of the impact of offset use on compliance schemes, especially across a timeframe longer than 10 years (2010 - 2021) and across a wide variety of schemes (68 schemes including the EU, national, and subnational jurisdictional levels). We believe this research provides quantitative support for arguments such as Swartz (2019) mentioned earlier that adding in offset use as a flexibility mechanism can increase political will for the establishment of carbon pricing and allow policy makers to increase stringency elsewhere in the scheme.

However, increased prices do not diminish the valid concerns that offset use in compliance schemes face integrity and quality concerns, and may not ensure actual or additional GHG reductions (Badgley et al. 2021). While offset use may increase overall ambition, actual emissions reductions will only be achieved if offsets adhere to integrity principles and represent real, permanent, and additional emissions reductions and removals.

We therefore conclude that offset use in compliance schemes can be leveraged by governments to increase ambition, but will only achieve actual emissions reductions if the offsets are of the highest quality. The carbon offset market is growing, and our research gives crucial insights on how they can be used in the most effective and efficient way to achieve the most emissions reductions. 

Limitations & Future Research

Many studies (see Best & Zhang, 2020; Levi et al., 2020; Lin & Jia, 2019; Batten et al., 2020; Aatola et al., 2013; Dolphin et al., 2016; Rafaty, 2018) focus on the impact external variables have on carbon price, such as GDP, energy price, government effectiveness, and climate awareness. However, for scheme design variables, there is a lack of data access/availability, making it more difficult to isolate their impact on carbon price. Most notably in cap size and sector of offsets variables. 

The accuracy of a model is limited when there is a lack of data for the variables included. Ideally, we would have created 5 separate models, one for subnational schemes, one for national schemes, one for taxes, one for ETSs and one that includes everything. However, we were only able to create a valid model that includes all data from national, subnational, ETSs and taxes because the lack of data availability did not let us analyze all 68 schemes across all 12 years.

Our research is just scratching the surface of the potential impacts of offsets and the potential research surrounding the ambition of carbon compliance pricing schemes. Future research should delve into the potential impacts of offsets on other proxies for ambition. This can include studies focused on the size of an emissions cap within an ETS and its trend over time, and the emissions coverage of a scheme both on raw emissions and sectoral coverage. More research should also be done on how other specific scheme design features impact the ambition of the scheme. For example, focusing on the price impact of the sectors covered by the schemes, revenue use, allocation methods for allowances in ETS’s, and if an ETS allows for banking and borrowing. Moreover, though compliance pricing schemes are known for being economically efficient strategies to reduce emissions, they can create equity concerns. These schemes can make fuel and energy prices rise which disproportionately impacts lower income communities. It is crucial that future policy implementation and research strongly consider the potential harms compliance pricing schemes can have on these communities. One strategy could be to allocate revenue from the schemes into investments in these communities and mitigate the impacts from rising prices. Lastly, we believe future research focusing on how offsets can impact the ambition of targets and goals in the voluntary corporate sector would be very valuable to governments and NGOs designing the upcoming VCM. This would be especially interesting considering the very public critiques of offsets and companies wanting to stay in good standing regarding their reputation of sustainability strategies. 

[bookmark: _6usuj9un0omz]5. CONCLUSION

Amid the ongoing debate of the role offsets should play in emissions reduction strategies, this paper sought to contribute to the discussion by quantitatively analyzing the impact that offset use inclusion within compliance pricing schemes has on the carbon price. Through a clustered standard errors random effects panel data regression model, we demonstrate that compliance pricing schemes that allow for offset use have a higher carbon price than those that do not. We interpret these results as indicating that governments are able to leverage the flexibility that offsetting mechanisms allow to increase the stringency and ambition of the schemes. This points to the conclusion that high quality carbon offsets can advance emissions reductions and the opportunity to achieve Paris Agreement goals. Future research should analyze the role that carbon offsets play on other pieces of ambition, such as emissions coverage and cap size, as well as how other aspects of offset use, such as the offset limit or sector, impact price in order to confirm the impact that offsets play in ambition. Policy makers designing compliance schemes should weigh these findings of offset use and examine how offset allowance may impact emissions reductions in their scheme to support the development of the most ambitious carbon pricing schemes.
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[bookmark: _ij3v1plgunlk]Appendix 1: Categorization of schemes
The table below categorizes the 68 schemes analyzed by scheme type, jurisdiction type, and offset use. For simplicity, the EU is categorized as a “national” scheme.

	​
	ETSs​
	Carbon Tax​ (CT)

	​
	National​
	Subnational​
	National​
	Subnational​

	
Allows Offsets​
	
· Canada Federal OBPS
· Kazakhstan ETS
· Korea ETS 
· EU ​ETS
	
· Alberta TIER
· BC GGIRCA 
· Beijing Pilot ETS
· California CaT
· Chongqing Pilot ETS
· Fujian Pilot ETS
· Guangdong Pilot ETS
· Hubei Pilot ETS
· Newfoundland & Labrador PSS
· Quebec CaT
· RGGI
· Saitama ETS
· Shanghai Pilot ETS
· Shenzhen Pilot ETS
· Tianjin Pilot ETS
· Tokyo CaT ​

	
· Colombia CT
· Liechtenstein CT
· Mexico CT
· Slovenia CT
· South Africa CT 
· Switzerland ​CT
	​

	
No Offset Use​
	
· China National ETS
· Germany ETS
· Mexico Pilot ETS
· New Zealand ETS
· Switzerland ETS
· UK ​ETS
	
· Massachusetts ET-S
· New Brunswick ETS
· Nova Scotia CaT
· Ontario EPS
· Oregon ETS
· Saskatchewan OBPS ​
	
· Argentina CT
· Canada Federal Fuel Charge
· Chile CT
· Denmark CT
· Estonia CT
· Finland CT
· France CT
· Iceland CT
· Ireland CT
· Japan CT
· Latvia CT
· Luxembourg CT
· Netherlands CT
· Norway CT
· Poland CT
· Portugal CT
· Singapore CT 
· Spain CT
· Sweden CT 
· UK Carbon Price Support
· Ukraine CT
· Uruguay​ CT

	
· Baja California CT
· British Columbia CT
· New Brunswick CT
· Newfoundland and Labrador CT 
· Northwest Territories CT
· Prince Edward Island CT
· Tamaulipas CT
· Zacatecas​ CT


[bookmark: _941qtymwae7j]Appendix 2: Scheme Characteristic and Design Variables Collected

	Variable
	Explanation

	Scheme type
	· Used to differentiate between the type of schemes, ETSs and Carbon Taxes

	Type of jurisdiction covered
	· For national schemes, the jurisdiction covered refers to the country where the scheme is implemented
· At the subnational level, the jurisdiction covered refers to the province, city, state or region

	Year of implementation
	· The year each pricing scheme starts

	Types of GHG covered
	· Certain schemes dictate if it regulates all greenhouse gasses that fall under the scheme requirements or only carbon dioxide emissions

	Amount of GHG emissions scheme covers
	· To account for differences in the reach of the scheme, this variable captures the total amount of greenhouse gas emissions covered by each scheme, in Mt CO2e

	Proportion of global emissions scheme covers
	· To account for the relative size of the scheme in comparison to global emissions, this variable captures the greenhouse gasses covered as a percentage of global emissions

	Scheme sectors
	· Compliance schemes vary in reach and the sectors that are regulated. Schemes may apply to only one or to a combination of sectors, such as energy or transportation

	Allocation method
	· Allowances can be freely allocated through grandparenting, benchmarking or historical emissions, auctioned, or a combination of both
· Grandparenting/ historical: allowances are allocated based on past emissions
· Benchmarking: allowances are allocated based on performance

	Revenue use
	· These schemes have the potential to generate significant revenue for their jurisdictions. We are interested to see if designating the revenue to sustainability/climate project has any significance for the jurisdictions

	Banking
	· Allows excess allowances in  ETS schemes to be saved during one period and used for future use

	Borrowing
	· When allowances in an ETS scheme can be used from a future period to comply with the current period
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[bookmark: _84dlpit6l0bd]Appendix 3: Offset Use Properties Variables Collected

	Variable
	Explanation

	Offset inclusion
	· Used to differentiate between schemes that allow for offsets in compliance and those that do not

	Quantitative limit
	· The percent of an entities compliance obligations that can be met using offsets

	Standard
	· The framework from which the offsets can be sourced from
· Most are from the scheme government’s own framework or the Kyoto Protocol’s CDM. Very few allow for voluntary standards such as the Gold standard and Verified Carbon Standard


	Domestic offset credits
	· One major critique of carbon offsets centers around the location of the offset projects relative to the emitter.
· If the offsets are purchased from projects that are not in the same area as the emitter, it raises concerns about the effectiveness of the scheme in reducing local emissions

	Voluntary market allowance
	· Our report is focused on the regulatory offset market which refers to offsets that are purchased to comply with regulations
· Some regulatory schemes also allow for voluntary standards

	Sector of offsets
	· Often restrictions on offset use relate to the sector of the offset
· Offsets can come from a variety of sectors, commonly forestry, energy, and waste

	Size of Voluntary Carbon Market
	· The size of the voluntary carbon market can give us insights into offset interest and demand 



[bookmark: _6u5yjcfqpt5o]Appendix 4: Data Codification of Scheme Characteristic Variables

	Variable
	Codification

	Scheme type
	0: ETS
1: Carbon Tax

	Types of GHGs covered
	0: only CO2 covered
1: CO2 and other gasses covered

	Scheme sectors
	0: scheme does not cover the sector
1: scheme does cover the sector

Sectors were combined into the following groups: 1) fossil fuels, fuels, and natural gas; 2) building; 3) transportation and aviation; 4) industry, chemical, and manufacturing; 5) power and electricity; and 5) mining.

	Allocation method
	Freely allocated: 0:no 1:yes
Auctioned: 0:no 1:yes
Both: 0:no 1:yes

	Revenue use
	0: the scheme does not designate revenue use                               1: the scheme does designate revenue use

	Banking
	0: does not allow for banking
1: does allow for banking

	Borrowing
	0: does not allow for borrowing
1: does allow for borrowing





[bookmark: _tubfr8f0iqh1]Appendix 5: Data Codification of Offset Use Properties Variables

	Variable
	Codification

	Offset inclusion
	0: does not allow
1: does allow for offset inclusion

	Domestic offset credits
	0: only domestic
1: domestic and international

	Voluntary market allowance
	0: does not allow for voluntary market standards
1: does allow for voluntary market standards

	Sector of offsets
	0: does not allow the sector of offsets
1: does allow the sector of offsets

Sectors were combined into the following groups: 1) AFOLU; 2) power and energy; 3) waste; 4) transportation; 5) construction and building; 6) mining; and 7) if the offsets were regulated by type of GHG instead of or in addition to sector.
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[bookmark: _v23ig18wj8p9]Appendix 6: External Variables Collected

	Variable
	Definition

	Industry value added %
	· The net economic output of the industry sector.

	Government effectiveness
	· Index representing an aggregate score of quality perceptions of public services, policy formulation and implementation, and the credibility of the government's commitment. 

	Alternative and nuclear energy %
	· Percentage of non-fossil fuel energy consumed in a year within the jurisdiction

	Energy imports
	· Percentage of energy used in the jurisdiction that comes from another country.

	Energy price
	· Average energy price per Kwh consumed in the jurisdiction

	Annual max temperature
	· Annual maximum temperature reported anywhere in the jurisdiction

	Climate Change Awareness
	· Percentage of the jurisdiction’s population that indicated in a survey that they are aware of anthropocentric climate change.

	GDP per capita
	· The total economic value of the goods and services produced in the jurisdiction divided by the population	

	Government revenue
	· Total government revenue stemming from the carbon pricing scheme fees or allowance auctions.
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[bookmark: _ibjcelobdmbw]Appendix 7: Sub-National Data Collection
Detailed Description of Data Collection for Subnational Schemes

Data for U.S. sub-national schemes were collected primarily through U.S. government sources, such as the U.S. Bureau of Economic Analysis and the U.S. Census Bureau. GDP for RGGI is the sum of the GDPs of the 12 participating member states. However, for variables such as temperature, RGGI is the average of the participating states. The gaps for this scheme include 2021 data of GHG emissions, as the U.S. EPA “Greenhouse Gas Inventory Data Explorer” database had not been updated to include 2021 data as of the time of data collection. Additionally, the U.S. regional schemes are lacking data on the total GHG emissions of the region and associated GHG per GDP and GHG per capita variables for 2021.

The data for Japan’s sub-national schemes (Tokyo and Saitama) were collected through OECD databases and government sources such as e-Stat, the Official Statistics of Japan. There are several gaps in data for the Japanese regional schemes. e-Stat has not been updated with GDP data post-2018, limiting GDP and GDP per capita variables for 2019 - 2021. Similarly, population data is missing for years 2019 and 2021. While it would have been possible to model the is data with estimations and assumptions we chose to err on the side of caution by using only confirmed government sources and confirmed figures.

The data for Mexico’s sub-national schemes were collected mostly from government sources such as INEGI and Comisión de Cooperación Ecológica Fronteriza (COCEF). There are several gaps in data for population and GHG emissions. Population is only officially reported by the government every 10 years, limiting our data collection to 2010 and 2020 for that variable. GHG emissions for Zacatecas were not available from any reputable sources and Baja California only reported emissions every 5 years.

Canada has 12 sub-national schemes, covering 10 provinces. Data for GDP, population and GHG emissions were sourced from Canada’s national statistical agency. However, we are missing GHG emissions data for 2021 and population data from 2021.

China has 8 subnational schemes, covering 3 provinces and 4 cities. Data for China’s subnational explanatory variables were collected from the China Statistical Yearbook published by the China National Bureau of Statistics and the emission inventory compiled by Carbon Emission Accounts & Datasets for Emerging Economies (CEADs). It is worth mentioning that although Shenzhen city is part of Guangdong province, in practice, Guangdong ETS excludes emissions from Shenzhen because Shenzhen has its own city-level ETS. In order to depict that characteristic in our model, the explanatory variables (e.g. total GHG emissions, GDP) for Guangdong ETS also exclude Shenzhen. 

Due to limited data availability and variability in different carbon accounting methods, we only have access to CO2 emission data for subregional schemes in China compared to CO2e emission data for other subnational schemes. Unfortunately, CO2 and CO2e emissions are not comparable and can be problematic if we use raw data for the regression analysis. Among the data imputation techniques, we used a linear interpolation method to make an estimation of China’s sub-national GHG emissions based on the correlation between China’s national total GHG emissions and CO2 emissions.
[bookmark: _o4ql8yv9j52o]Appendix 8: General Results and Observations
Before running our full model, we conducted preliminary t-tests and correlation analysis. Figure 3 illustrates the main takeaways. 
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Figure 3. Depiction of the main takeaways we gathered from conducting initial t-tests and correlation coefficients

Allowing for offsets is highly correlated with certain pricing scheme attributes and socio-economic jurisdictional characteristics. For instance, ETSs are more likely to allow for offsets than carbon tax systems. We also found that offsets are more often utilized by emission intensive and less developed economies. For those economies, there is a wider gap between actual emission reductions and net zero goals. Offsets provide them with a cost-effective way to bridge that gap. Jurisdictions with lower government effectiveness ratings tend to have a higher adoption rate of offsets. This result may be counter-intuitive. One plausible reason can be that they are less effective in terms of enforcing ambitious carbon reduction goals. By including offsets in the scheme design, the schemes can have more flexibility and are less likely to face opposition. Schemes with wider coverage also prefer using offsets, indicating that there are interconnections between pieces of the ambition puzzle. 

Of the schemes that allow for offset use, 64% require that the offsets are domestic. One reason might be that local offsets are easier to monitor and verify. Most schemes have set a limit on how many offsets can be used and they tend to keep that quantitative limit low. 78% of the schemes keep the limit under 20%, which indicates that most jurisdictions take a cautious approach when it comes to offsets. Managing issues such as permeance and additionality remain key for offsets to gain popularity and achieve credible emissions reduction outcomes. 31% of the schemes are open to offsets verified by voluntary carbon market standards. For instance, countries such as Mexico and South Africa have acknowledged offset credits issued by voluntary programs as a method of fulfilling carbon tax requirements. 

Though not directly pertinent to our model and the intersection of offset use with carbon price, we found these statistics on offset use within compliance schemes to be relevant to the larger discussion of the role offsets can play in climate action. While we have presented our own hypotheses to explain the trends discovered through our t-tests and correlation analysis, we recommend further studies to continue investigating these relationships and trends in offset use.
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