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Introduction 
Oregon has committed to reducing emissions of greenhouse gases by 75 percent 

below 1990 levels by 2050. The state is participating in the U.S. Climate Alliance, a 

group of states that are committed to taking on-the-ground action to address climate 

change. In 2018, the Oregon legislature created a bipartisan and bicameral Joint 

Interim Committee on Carbon Reduction to study legislative options to use carbon 
pricing to achieve these goals. In November 2018, Governor Kate Brown issued the 

Oregon Climate Agenda with her vision for achieving this goal, which includes market-

based greenhouse gas emissions pricing.  

In support of these initiatives, we prepared two memoranda for the Oregon Climate 

Policy Office that are presented in this report. The first memorandum provides an 

overview of the economic issues associated with state-wide carbon pricing. The 

second memorandum addresses specific elements of market design for an emissions 

cap-and-trade program. Together these two papers provide a primer for 

understanding the choices facing the state. 

A widely held consensus is that mitigation of climate change will require a 

transformation in the way we produce and use energy. Technological change is 

fundamental to this outcome, and emissions cap and trade is viewed as a more 

efficient way to promote technological change than prescriptive regulation that 

mandates specific actions. A market-based approach like cap and trade would provide 

incentives for firms and consumers to reduce emissions.  

The level of the carbon price would affect the pace and extent to which these changes 

would occur. Mainstream estimates of the social cost of carbon suggest a value of 

around $45 per ton, while recent studies increasingly suggest values substantially 

greater than that. Concerns about the transitional impacts and distributional effects of 
economic change may steer the state toward a carbon price level that is relatively 

modest, that is, a carbon price level roughly in alignment with other trading programs 

in North America and Europe and less than the social cost of carbon. Our assessment 

indicates that even a modest carbon price can be expected to increase innovation and 

changes in firm behavior that encourage emissions reductions. However, a modest 

carbon price may be insufficient to attract the necessary major investments in 

innovation and new energy infrastructure, leaving a role for companion sector-specific 

policies to spark innovation and stimulate and coordinate investment in infrastructure.  

Recent modeling suggests the overall economic effects of a modest carbon price are 

likely to be small or neutral and could prove to be positive for the Oregon economy. 

Potential reduction in economic activity in emissions-intensive parts of the economy 

will be offset by increases in economic activity elsewhere. Nonetheless, economic 
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transitions can be difficult for those who are affected, and the state’s policy framework 

should address these transitions explicitly. Carbon pricing provides the tools to do so. 

A carbon price affects households and firms through changes in the costs of energy 

and other goods and services. Carbon pricing is sometimes described as regressive 

because low-income households spend a larger share of their income on direct energy 

consumption than wealthier households and this expense is most affected by carbon 

pricing; however, whether the policy is regressive or progressive depends almost 

entirely on how the proceeds from carbon pricing are used. Existing carbon trading 
programs have moved away from free allocation of allowances based on the historic 

production of regulated firms to using an auction to initially distribute the majority of 

allowances in the market, raising proceeds that can be used to address distributional 

outcomes and to reinforce program goals. Some types of investments can directly 

benefit low income households and communities in parts of the state that might be 

adversely affected by carbon pricing. To illustrate with one concrete example, if 

proceeds were returned to households on an equal per capita basis, then low income 

households and nearly 70 percent of all households could expect to be made better off 

under the policy because the amount they received would be greater than the increase 

in their household costs. There are competing potential uses of carbon proceeds and 
constraints on how carbon proceeds can be used, but an overarching finding in the 

economic literature is that policymakers can ameliorate distributional impacts through 

judicious use of carbon proceeds. 

One competing use of carbon proceeds would be to protect the state against adverse 

and unfair competition from jurisdictions that do not regulate carbon emissions. 

Clearly, the potential leakage of emissions to out-of-state firms, or a loss in economic 

activity, would not help address climate goals and would not benefit Oregon. A 

prominent way to address the challenge of potential leakage is to allocate a portion of 

allowances to provide an incentive to maintain production in the state for firms that 

face trade exposure. This strategy has been shown to be effective in other programs, 

but it should be executed with well-described intention and discretion. The use of 

proceeds in this way has an opportunity cost because those proceeds are not available 

to address distributional goals or promote other program goals. 

A market-based policy has a strong advantage over other policy approaches because 

an emissions cap introduces a specified number of emissions allowances and provides 

confidence that the intended emissions outcome will be achieved. . But, to achieve the 
emissions goal in a market-based system, the price of allowances will fluctuate, for 

example due to weather events or economic changes. Volatile prices or prices that are 

far below or above anticipated levels can undermine confidence in the market. 

Elements of program design can moderate price volatility and reduce overall costs, 

including allowance banking enabling their use across time periods, the use of a price 

floor and ceiling, and the use of offsets earned from verified emissions reductions 

achieved out of the cap-and-trade market. Several voluntary offset projects, primarily 
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in forestry and agriculture, are currently operating in Oregon and producing offset 

credits for sale into California and other markets. These projects offer ecological 

benefits and opportunities for economic development in Oregon and could be 

expanded as part of Oregon’s own climate policy choices.   

We review several modeling efforts that have tried to anticipate the potential cost of 

achieving emissions reductions in Oregon. Models are valuable, but they are not 

crystal balls, and do not offer entirely reliable predictions about the future. More 

usefully, they provide a laboratory to understand the directional influence of various 
policy choices. Models of Oregon reveal a range of possible costs in achieving the 

state’s goals depending on various parameters and elements of the program design. 

However, after reviewing these models one observation emerges strongly: one of the 

most direct ways to moderate the change in prices in Oregon’s cap-and-trade program 

would be for Oregon to link the program with the Western Climate Initiative. Linking to 

the larger market would result in lower costs and soften possible short-run price 

effects stemming from local events in the state.  

Oregon’s leadership in climate policy sets a great example, but for it to be successful it 

must be good for Oregon. Carbon pricing, and climate policy generally, is most 

successful when it springs from an overall vision about the economic and 

environmental quality of life for the state. Our review of the literature and the empirical 

experience in existing market-based programs lets us conclude that the economies 

with cap and trade in place achieve falling emissions while their economies are thriving 
and are positioned for the wave of innovation to be expected in the 21st century. 
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1.  Economic Overview of Carbon 
Pricing 

1.1. Summary  
A carbon price implemented through cap and trade or a carbon tax provides an 

incentive for firms and consumers to find ways to reduce emissions and is expected to 

be more efficient than prescriptive regulation that mandates specific emissions 

reductions. There is substantial experience and theory on which to build elements of 

carbon pricing in Oregon. This memorandum identifies several considerations and 

important lessons. We adopt the perspective of cap and trade, but results apply 

generically to carbon pricing. 

The advantages of carbon pricing are substantial, but they do not imply that carbon 

pricing provides a complete prescription for state policy. Even a modest carbon price 

is expected to increase innovation and changes in firm behavior that combine to 
identify ways to reduce emissions. But spillover and coordination problems will likely 

lead to an under-investment in innovative activities. A modest carbon price may not be 

sufficient to assure the substantial investments in new energy infrastructure that are 

expected to be necessary, leaving a role for a mix of complementary policies. 

Considerable attention has been given to the impact of carbon pricing on households 

and firms. Carbon pricing can have a regressive distributional impact unless measures 

are taken to remedy that potential effect through the distribution of allowance value. 

The effect on firms is also important because an increase in the cost of energy could 

cause a reduction below baseline economic activity in Oregon. In each case these 

concerns can be substantially remedied by relatively simple policy changes. The 

determining factor in each case is how allowances under cap and trade are allocated or 

how auction proceeds are distributed, decisions that involve tradeoffs to address 

competing priorities. 

We provide a survey of recent models that have examined the potential impact of 

carbon pricing on Oregon. The economic outcomes will depend on the policy design, 

which we address in more detail in a separate memorandum. Modeling suggests the 
overall economic effects will be relatively small or neutral and could even be positive 

for the Oregon economy. 

1.2. Introduction 
Oregon is considering the introduction of an emissions cap and trade for carbon 

dioxide as a pillar of the state’s policies to achieve greenhouse gas reduction goals. 

This memo summarizes issues identified in the most relevant literature that has 
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studied the economic impacts of carbon pricing, with a view towards identifying what 

might be the economic benefits and costs to a small state of implementing a carbon 

price.  

The most common forms of carbon pricing are 1) cap and trade, which specifies a 

maximum quantity of emissions from sources covered by the regulation and enables 

flexible compliance among those sources through emissions allowance trading at a 

market-determined price; and 2) a carbon tax that directly introduces a price on 

emissions but does not specify the maximum quantity of emissions from covered 
sources. A generally similar set of considerations about the effects of carbon pricing 

arise under both approaches, and closely related aspects of design for implementing 

these policy options are available in response. In this discussion, we describe these 

issues with respect to cap and trade, but the guidance also applies in a generic way to 

a carbon tax.   

This memo addresses five topics, beginning with a brief overview of the general 

advantages and limitations of carbon pricing. We then address issues pertaining to 

technological change, distributional outcomes, and leakage. We close with a discussion 

of the role of modeling in guiding policy design, provide a brief review of different 

types of modeling approaches, and review recent studies pertinent to Oregon. 

1.3. The Advantages and Limitations of Carbon 
Pricing 
A carbon price under cap and trade or a carbon tax provides an incentive for firms and 

consumers to find ways to reduce emissions. This approach is expected to be more 
efficient than prescriptive regulation that mandates specific emissions reductions, 

because regulators typically do not have sufficient information about the technology 

and emission mitigation options at individual facilities. A carbon price is also expected 

to spark research and investments that will allow greater reductions to be achieved at 

less cost over time.  

Nonetheless there are limits to carbon pricing. A carbon price that is sufficient to 

achieve Oregon’s climate goals may be disruptive to the state’s economy, especially if 

other jurisdictions have not also adopted comparable policies. A modest carbon price 

may not provide sufficient incentive for research and additional measures may be 

required to induce a socially optimal amount of innovation and investment. A 

transformation in the way we produce and use energy throughout society will 

ultimately be necessary to mitigate climate change.  A modest carbon price may not be 

sufficient to provide the incentives for risk-taking and to assure the substantial 
investment in a new energy infrastructure that will be needed, leaving a potential role 

for a mix of carbon pricing and complementary policies. 
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1.4. Technological Change 
A near-consensus view is that technological change is necessary to achieve long-run 
emissions reduction goals. Carbon pricing under cap and trade or a carbon tax is 

thought to have advantages in promoting technological change compared to 

prescriptive regulation, but it has limitations also. The advantages stem from the use 

of incentives to drive compliance. Energy consumers will see an increase in energy 

prices, encouraging changes in behavior and in capital purchases to save energy. 

Upstream firms will have an economic incentive to find processes to reduce emissions 

in their production activities. Because consumers and firms have private information 

that is not available to the regulator, it is expected that they can do a better job of 

achieving emissions reductions more cost-effectively than if the regulator attempted 

to prescribe emissions reduction measures. Over a longer timeframe, these economic 
incentives are expected to carry over to innovation activities as well. A broad literature 

has explored this idea from a theoretical perspective and through ex post analysis of 

pollution prices. In carbon markets, the ability of carbon pricing to stimulate innovation 

has been documented by Calel and Dechezlepretre (2016) in the EU and by Cui et al. 

(2018) in the pilot carbon pricing programs in China. A general finding is that pricing of 

carbon dioxide, as well as sulfur dioxide and nitrogen oxides, leads to increases in 

patent activity and changes in organizational behavior that combine to identify ways 

to reduce emissions (e.g. Calel 2018). 

The literature also identifies limits to the influence of carbon pricing in driving 

innovation. Cap and trade may have an advantage over a carbon tax in providing firms 

with the ability to acquire a bank of allowances to manage intertemporal costs 

associated with capital turnover; perfect capital markets would do the same under a 

carbon tax, but access to such markets might not exist for all firms.  

To date only relatively modest carbon prices have been implemented, with the 

predictable result that only modest research and development investments have 

resulted thus far. A second limitation is that the magnitude of the necessary 
transformation of the way we use energy requires substantial new infrastructure. A 

firm with substantial market power might have the incentives to plan and implement 

such a large-scale investment, but one would expect investments in this direction to 

progress slowly in most sectors because firms do not act as monopolies. Moreover, the 

benefits from research by one firm often spill over to other firms, and the initial firm 

will not account for those external benefits in its research effort. Investment in 

infrastructure requires coordination across industries and even across sectors of the 

economy, and the risks associated with a substantial investment in such infrastructure 

are substantial. Spillover and coordination problems will predictably lead to an under-
investment in innovative activities and investment. Consequently, most (but not all) 

economists describe an important role for government regulation and planning even 

with carbon pricing. Although by far most of the investment capital necessary to 
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transform the economy will come from the private sector, there is a key role for 

government to coordinate the associated infrastructure investments.  

1.5. Distributional Concerns 
A carbon price refracts through the economy and affects households and firms 

through changes in the costs of goods and services and changes in employment and 

income, including returns to invested capital and resources. Much of the early work on 

the distributional effects of carbon pricing studied the first of these pathways. By 

focusing on changes to the costs of goods and services, analysis tends to exaggerate a 

potentially regressive outcome of carbon pricing that stems from the fact that low 

income households spend a larger share of their income on direct energy use 

(gasoline, electricity, home heating). Indirect energy use, that is, energy used to create 

items like household appliances and good wine, leads to an increase in costs for those 
items also, although expenditure on indirect energy use tends to be a much smaller 

share of a household’s carbon footprint. Even if high income households realize a 

greater increase in their total expenditures due to carbon pricing, the increase is 

smaller as a percent of income overall. This is an important result, but it is exaggerated 

because of what is not included in the analysis. A focus on the expenditure side often 

does not account for behavioral responses, i.e. as prices change, households are 

expected to substitute away from more expensive consumption, resulting in a lower 

cost burden than estimated from a static analysis.  

A second way the finding that a carbon price is regressive tends to be exaggerated is 

by typically failing to acknowledge effects on the income side. A carbon price ripples 

through the economy, and while it boosts the value of some types of investments, 

especially new investments in low-carbon productivity, it diminishes the value of some 

others. Higher income households receive a greater share of their income from 
ownership of capital and resources, so they bear the cost of declines in the value of 

legacy capital and resources. Other subtle but also important channels through which 

the costs of carbon pricing work through the economy include the interaction of a 

carbon price with preexisting regulations or taxes. To fully capture all these effects 

requires general equilibrium analysis (see Fullerton and Heutel 2007) but that 

approach comes with its own limitations including coarse detail about regions and 

industries and no representation of specific technologies, as we discuss further below. 

In general, however, advances in economic methodologies have revealed that the 

potential regressivity of carbon pricing tends to be over-stated (Morris and Munnings 
2013; Rausch et al 2009).  

Another overarching result is that if a regressive outcome might occur, policymakers 

can ameliorate it through judicious distribution of allowances (or associated auction 
proceeds or tax revenue). Indeed, the way emissions allowances are distributed back 

into the economy is more important to understanding the distributional effects of 

carbon pricing than is the level of the carbon price. There are several generic ways 
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that allowances can be introduced into the economy that provide support or revenue 

for program-related activities, reduction of preexisting taxes, and direct rebates to 

households. One challenge inherent in estimating distribution impacts in Oregon is 

that few economic models can reasonably estimate economic burdens at the state or 

county level.  

To illustrate the potency of the decision about how to distribute allowances, consider 

one option: direct rebates to households of allowance auction (or carbon tax) revenue. 

National-level economic modeling indicates that equal lump sum rebates to 
households would cause roughly two-thirds of households to be net winners under 

carbon pricing, i.e. their carbon policy-related income would be greater than their 

increase in expenditures and loss of income from other sources (Burtraw et al. 2008; 

Williams et al. 2014a). Moreover, this approach would have effects that differ across 

geography, tending to benefit rural communities more than urban ones because per 

capita income is lower in rural communities (Williams et al. 2014b). However, the 

allocation of allowances for this purpose would preclude the opportunity to distribute 

allowances in other ways to achieve other goals. 

There are competing justifications for various approaches to distributing allowances or 

auction (or carbon tax) revenue and all of them cannot be fully satisfied at the same 

time. Nonetheless, the decision about how the allowance value is distributed will be the 

most important factor in determining the distributional outcomes. 

1.6. Economic Leakage 
Regional or state-level initiatives to reduce greenhouse gas emissions may adversely 

affect the competitiveness of emissions-intensive and trade-exposed (EITE) 

manufacturing industries. If economic activity were to move from Oregon to areas 

without carbon pricing, there would be economic “leakage.”  

In considering the possibility for leakage, it is important to also consider alternative 

approaches to the design of carbon pricing that can explicitly address potential 

leakage. The most common approach is free allocation of allowances based on 

economic output (activity) to provide an incentive to maintain or even increase 

production and to reduce or even reverse leakage (a similar approach can be used with 

a carbon tax). Another approach would apply compliance obligations to imported 
products to protect against unfair competition, and possibly grant exemptions for 

exported products. While these approaches at the state level may raise commerce 

clause concerns, there have been no successful legal objections to the free allocation 

of allowances in emissions trading programs for this purpose.  

Most empirical studies have examined the potential for leakage without consideration 

of actual in-place or potential policy design to mitigate leakage. These empirical 

efforts confirm the relevance of the issue in the absence of corrective measures; but 

nonetheless, they usually find its magnitude to be modest and of limited scope. Aldy 
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and Pizer (2015) model the effect of economy-wide changes in energy prices on 

industry-specific production over 35 years and find overall energy prices only 

adversely affect the most energy-intensive industries, and even those impacts are 

generally small. Kahn and Mansur (2013) examine locational choices for manufacturing 

plants over 12 years and find that electricity prices and environmental regulation are a 
significant determinant of plant location for energy-intensive industries but have only 

a modest effect for the typical manufacturing industry. Deschenes (2011) finds that 

employment rates are weakly related to variation in electricity prices: a 1 percent 

increase in electricity prices leads to a change in full-time equivalent employment that 

ranges from -0.16 percent to -0.10 percent. European papers also have found a weak or 

non-existent statistical relationship between higher energy prices and firm 

competitiveness. For example, Flues and Lutz (2015) find that electricity taxes in 

Germany (EUR 14.6/MWh or EUR 44.4/t CO2) did not negatively affect common 

competitiveness indicators of firms, such as turnover, exports, value added, 

investment, and employment. 

Several studies suggest the California emissions trading program has a small leakage 

potential, but they do not consider policies in place to address it. Gray et al. (2016) 

examine the response of firms to changes in energy prices. Although slightly larger 
effects are estimated in the very short term, the authors find that over a five-year 

period the increases in California energy prices associated with its carbon price would 

result in economic output losses of less than 1 percent, with most industries 

experiencing losses below 0.1 percent. Fowlie et al. (2016) explicitly analyze the 

potential for international market transfers and emissions leakage outside the United 

States in their study of California’s cap-and-trade program. They find that a modest 

carbon price has a small effect on trade flows, with somewhat larger effects in cement, 

lime, industrial gas, wet corn milling and nitrogen fertilizer. Hamilton et al. (2016) find 

qualitatively greater effects are possible in food processing because of the relative 

ease of shifting agricultural activities across jurisdictions.  

None of the studies above examining leakage under US carbon pricing policies 

account for policy design to address leakage, such as free allocation of allowances 

based on economic activity to create a production incentive for in-state activity. A US 
example of an input-output modeling analysis that anticipated the use of policies to 

combat leakage is a paper by Morgenstern and Moore (2011). To limit adverse impacts 

on California’s energy-intensive and trade-exposed industries, the authors develop 

illustrative policy options involving free allowance allocations of emissions permits to 

industries and limited border adjustments on coal, natural gas, crude oil, and refined 

petroleum product imports, as well as on electricity. Overall, they find small short-term 

impacts on energy-intensive industries with the free allocations in place. Burtraw et al. 

(2017; 2015) show that output-based allocation of allowances can mitigate leakage or 

cause negative leakage (greater in-state generation) in the electricity sector. 
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Several studies have empirically examined the effects of carbon pricing in British 

Columbia, phased in between 2008 and 2012, eventually reaching $30/t CO2 (CAD) and 

covering all greenhouse gas emissions released from fuel combustion in the province. 

The British Columbia program includes revenue recycling to reduce pre-existing taxes 

and other measures that are expected to mitigate the potential for leakage. Yamazaki 
(2017a) examines the empirical evidence with this program design in place, comparing 

employment outcomes in multiple sectors in British Columbia and other provinces 

before and after the introduction of the tax. Overall, he finds the carbon tax resulted in 

a shift in employment from more to less energy-intensive sectors of the economy, with 

the largest declines in basic chemicals (-37 percent), petroleum and coal product 

manufacturing (-29 percent), primary metals and non-metallic mineral product 

manufacturing (-17 percent each). In contrast, employment gains were achieved in the 

service sectors as economic activity appears to have shifted to service industries and 

away from emission-intensive industries. The employment increases in less energy-

intensive sectors outweighed the losses in more energy intensive ones, such that the 
net effect of the carbon tax was a small increase in overall employment in British 

Columbia. 

In a second study, Yamazaki (2017b) focuses strictly on the manufacturing sector in 
British Columbia. He finds a small, statistically significant reduction in employment in 

the manufacturing sector, with more energy-intensive firms experiencing larger 

impacts. Yip (2018) also examines employment effects and compares workers in British 

Columbia to those in other provinces before and after implementation of the carbon 

tax. He finds that the carbon tax is associated with an increase in the unemployment 

rate for less-educated males. In another study of the employment impacts, Azevedo et 

al. (2017) compare industry employment in the province to a control group of other 

provinces, finding the carbon tax had little measurable impact on overall employment 

and that even among energy-intensive sectors, employment impacts were typically too 

small to be precisely measured. 

Concerns about leakage have also been prominent in the EU Emissions Trading 

System, but ex post empirical evidence there also suggests that regulated firms have 

not shown any indication of relocating their production or cutting employment (Martin 
et al. 2014; aus dem Moore et al. 2017; Koch and Basse Mama 2016; Dechezleprêtre et 

al. 2015). Similar to California, the EU distributes emissions allowances for free using 

industry or sector-specific benchmark estimates of emissions intensity for production. 

As in California, the benchmarks in the EU are calibrated to the best practice and most 

emissions efficient production methods. 

1.7. What Can Modeling Tell Us? 
An economic model is a simplified framework used for describing the workings of 

some or all parts of the economy.  It characterizes a set of economic processes with 

the aim of determining what might happen in the future under a particular scenario. 
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Although commonly mentioned, it bears repeating that models are most useful for 

examining the directional influence of policy but are generally imprecise. A model 

typically cannot forecast the economy’s performance with high confidence even 

without a policy intervention because there are so many constantly changing factors 

affecting outcomes. However, most modeling can identify the directional effects of 
alternative policy approaches. How well a model can represent a specific policy or 

describe its influence on an outcome of interest depends on the type of model. Some 

models are better suited to examine the impacts on the national economy, others 

focus on regional or sub-regional economies, industries, or demographic groups. For 

these reasons, a multi-model approach is often useful. In this section we review 

approaches to modeling and then summarize recent studies relevant to Oregon. 

1.7.1. Modeling Approaches 

The US Environmental Protection Agency has presented a taxonomy of various types 

of models that we consolidate here into three groups. One approach describes 

recognizable technologies and their engineering and economic relationships, usually at 

the industry level. A second approach traces the flow of economic value through parts 

of the economy, usually at the sector level. Both approaches describe quantity and 

price outcomes in markets of interest, but they do not provide a complete 
macroeconomic perspective. A third approach aims to describe an internally 

consistent macroeconomic perspective, but it does so by abstracting away from 

technology or industry characteristics. These results are summarized in Table 1. 

Engineering-Economic Models 

One form of engineering-economic model is a compliance cost model based on 

inventories of emissions, reduction requirements and available technologies that are 

used to estimate an industry’s direct costs of compliance with a regulation. An 

example is AirControlNET (ACN), which is a database tool for conducting analysis of 

pollutant emissions control strategy and cost. Compliance cost models typically 

contain significant industry detail and can provide relatively precise estimates of the 

direct costs of minor regulations. Compliance cost models are focused exclusively on 

the supply side and do not account for changes in the behavior of consumers and 
producers and estimate costs at the industry level. These models are usually static. 

Technology and investment are represented parametrically, with no change resulting 

from a policy intervention unless that change is specified by the user. These models do 

not describe the distribution of costs or consider changes in production activity, so 

there is no accounting for economic leakage. 

A more comprehensive engineering-economic model is dynamic programming with 
investments responding to incentives created under a policy, bringing multiple 
economic margins into play in identifying least cost compliance. An example is the 
Integrated Planning Model (IPM) used by EPA for evaluation of policies in the 
electricity sector and the model of record for the Agency’s regulatory impact analyses
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Table 1: Characteristics of models that can be used to estimate economic impacts of carbon pricing 

 Economy-wide Optimization 
Technology 

Detail 
Regional Detail 

(Leakage) 
Distribution of 

Costs 
Technological 

Change 
Engineering-
Economic Models 

      

Compliance 
Cost Models 

No No Yes Maybe No No 

Programming 
Models (IPM) 

No Yes Yes Yes 
No  

(within electricity 
sector only) 

Yes  
(among identified 

investments) 

NEMS Yes Yes Yes Yes 
No  

(within some 
sectors) 

Yes  
(among identified 

investments) 

Pathways Yes No 
Yes  

(strong) 
Yes 

No  
(within some 

sectors) 

Yes  
(strong) 

Models of 
Economic Value 
Flow 

      

IMPLAN Yes No No 
Yes  

(strong) 
Yes No 

REMI Yes No No Yes Yes No 
Macroeconomic 
Models 

      

Computable 
General 
Equilibrium 

Yes Yes No No 
Yes  

(at large 
geographic level) 

Yes  
(abstract 

productivity 
growth) 
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of that sector. IPM can provide long-term (10-20 year) estimates of the control costs 

of complying with proposed regulations, while meeting the projected demand for 

electricity. The model maps nearly 13,000 existing and planned electrical generating 

units to approximately 1,700 representative (model) plants. Results are differentiated 

into demand and supply regions. IPM can be used to estimate the impacts on costs for 
policies to limit emissions of SO2, NOx, CO2, and Hg.  

A programming model such as IPM can incorporate a wide range of technologies and 

compliance options, and investment decisions change in response to changing relative 
prices for inputs to production. Frequently models like IPM are solved with activity 

levels (consumption) fixed and normally the distribution of costs would be estimated 

only within the sector given this constraint. When IPM is used in an iterative fashion it 

can represent the way consumption changes in response to changing prices. 

Resources for the Future’s (RFF) E4ST electricity model can also be used in this 

iterative way. RFF’s Haiku electricity model is an exception in that consumption is 

endogenous and changes in response to electricity prices. Leakage across 

jurisdictions within the sector can be described well in all these models, but leakage 

beyond the sector is usually not addressed. 

The National Energy Modeling System (NEMS) links a series of engineering-economic 

models that describe individual sectors of the economy (e.g. electricity, transportation, 

industry, etc.) through behavioral models that allow for choices across sectors and 

industries, and through linked fuel supply models. For example, consumers in NEMS 
may choose between electric and natural gas appliances, which in turn affect demand 

for fuels and price levels. The model accounts for technological change through 

investment and retirement, and the evolution of technology cost that accrues with 

market penetration for new technologies. NEMS provides results at the regional level 

but has less geographic resolution than, for example, IPM and other programming 

models have in the electricity sector. The distribution of costs is not readily accounted 

for in NEMS, and leakage is also not transparent. 

A technologically detailed model is Pathways, developed by Energy + Environmental 

Economics (E3). This is an economy-wide model that can be combined with other 

sector-specific modules and accounts for interactions across sectors. The model does 

not provide an optimization framework, but allows for construction and testing of 

scenarios.  The model includes costs for investments and expenditures but does not 

include macroeconomic effects. Pathways is especially valuable for identifying the 
evolution of technology and infrastructure that is expected to enable long-run 

emissions reductions. The model has been used in California, New York, and other 

jurisdictions for energy planning. 

Measuring the Flow of Economic Value 

One approach to economy-wide modeling of environmental policy is input-output 

analysis, which traces the flow of economic value across industries and sectors and 



Resources for the Future 14 

potentially also across geographic regions. An input-output analysis of compliance 

with a policy accounts for changes in spending bi-directionally, e.g. upstream and 

downstream of where a spending decision occurs. For example, compliance may 

involve spending money and the recipients of that spending will have receipts that in 

turn will be spent to purchase other goods and services. Conversely, if the policy 
raises the cost of goods and services in the regulated sector, then purchasers of those 

goods will pay more and reduce total purchases to  meet an overall budget constraint. 

Geographic detail can be added by accounting for the location of firms and 

households that are affected by the regulation.  

Particularly in a regional context, input-output models are often well suited for 

estimating distributional and short-term transitional impacts. They are less suited to 

estimate long-term impacts because they embody fixed technological relationships 

that determine the mix of inputs and associated costs with each production activity, 

and over time those relationships are expected to change. Similarly, consumer 

behavior would be expected to change especially due to large price changes, but 

these behavioral relationships are fixed in the model. Nonetheless, for short-term 

analysis, input-output models have a great deal of sectoral and regional 

disaggregation, are relatively transparent and easy to interpret, and can be readily 
applied to issues that require a high degree of resolution. An off-the-shelf input-

output model often used in the analysis of the impacts of environmental regulation is 

Impact Analysis for Planning (IMPLAN). IMPLAN is based on data for the United 

States that covers more than 500 sectors and can be disaggregated down to the 

county level, providing the ability to account for leakage.  

Another example of an input-output model is the Regional Economic Models, Inc. 

(REMI) Policy Insight model. REMI has a standard form with many production sectors 

and final demand sectors that map into many demographic groups that vary by region. 

Some relationships in REMI are econometrically estimated, which can account for 

economic transitions in a more flexible way than a simpler input-output framework, so 

there is a basic representation of technological change that enables estimation of 

long-run impacts, but the model may not have as much sectoral resolution as other 

input-output models. Greater spatial resolution can be achieved, although some 
approximation is implicit in doing so. Similarly, distributional effects and leakage can 

be tracked in REMI, but with somewhat less resolution than in other models. The 

model combines elements of both micro-economic and macro-economic theory, which 

may make it difficult to disentangle mechanisms that drive model results. Because it 

does not include resource constraints, the resulting solution may not be consistent 

with the actual supply and demand conditions in the economy. 

Macroeconomic Models 

General equilibrium models account for the flow of value throughout the economy, as 

does an input-output model, but they also allow for behavioral and production choices to 

inherently adapt to changes in relative prices. Computable general equilibrium (CGE) 
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models divide the overall economy into a detailed set of economic agents that interact 

through markets. Some agents are producing sectors such as manufacturing or retail, 

some are household groups, and some are governments. A dynamic CGE model allows 

for these changes to unfold over time at rates that are affected by adjustment costs, 

such as increasing costs of capital for investments in specific sectors.  

CGE models have several advantages. By imposing budget constraints on all agents, 

CGE models can provide a fiscally disciplined, consistent and comprehensive 

accounting framework. They can ensure that projected behavior of firms and 
households in a regulated market is consistent with the behavior of those agents in 

other markets. For example, if total income remains constant, greater spending in one 

market must lead to lower spending elsewhere, reduced saving, or both. Further, 

because all markets are interconnected, CGE models pick up effects that spill over 

from one market to another. Changes in the demand for vehicles, for example, may 

lead to changes in the demand for gasoline and public transit, just as they may also 

change demands for inputs such as fabricated metals and, in turn, the output of the 

mining sector. Further, international connections may be important as domestic 

policies may influence imports, exports, or international flows of capital. These 

connections between markets are especially important for labor and capital. Policies 
that have impacts on household savings, for example, will lead to changes in 

investment and capital formation, which also affects the social cost of the policy.  

CGE models also have disadvantages. They have relatively coarse sectoral and 
geographic detail, and thus are less useful for examining effects in the short-run, in 

small sectors, or in a limited geographic area. However, they can be useful for 

examining the medium- to long-term impacts of policies that are expected to have 

relatively large, economy-wide effects and they are most useful in this context for 

examining the long-term problem of leakage. These models are also valuable for 

examining the long-run effects that materialize when the costs of regulation interact 

with other distortions away from efficiency such as pre-existing regulations or taxes. 

They are the only models that comprehensively measure social cost, which is useful 

for comparing policies but because of their level of aggregation they miss details that 

affect costs especially in the short run. Results from CGE models often require 
interpretation because effects are calculated in terms of changes in relative prices. 

With the appropriate specifications and data, CGE model results can be downscaled to 

estimate the distributional impacts of policies on demographic groups at a state level. 

CGE models have typically been used to estimate the costs of greenhouse gas 

mitigation by introducing carbon taxes or emissions trading; they are less well 

configured to incorporate regulations on pollution.  

1.7.2. Recent Modeling Studies Relevant to Oregon 

Several recent studies have examined the economic impacts of carbon pricing policies 

in Oregon. A study by M.J.Bradley & Associates (2017) provides a useful summary of 
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the important points in some of these reports. In this section we identify the major 

highlights of those studies and indicate where the findings align with general findings 

in the economics literature and in other programs. Table 2 shows, for each of the 

studies we review, the policy analyzed, model used, and estimated impacts. 

 

Table 2: Studies of carbon pricing in Oregon 

  
Liu and Renfro 

(2013) 
Liu et al. (2014) DEQ (2017) 

Ditzel et al. 
(2017) 

Model Type Input-Output CGE Input-Output CGE 

Model Name C-TAM & IMPLAN REMI IMPLAN 
PLEXOS, C-
TAM & REMI 

Policy modelled 
Carbon tax with 
maximum of $60 

per ton CO2e 

Carbon tax with 
maximums of $10 to $150 

per ton CO2e 
Cap and trade Cap and trade 

Year 2025 
Year price reaches 

maximum (differs for 
each tax level) 

2035 2035 

Impact on emissions -12.5 percent -7 to -43 percent -47 percent -50 percent 

Impact on economic 
output 

-$1,254 million to 
$521 million 

-1.35 to 0.4 percent 
-0.08 to 0.19 

percent 
-0.4 percent 

Impact on 
employment 

-6,287 to 8,039 
jobs 

-37,000 to 25,000 jobs 
-1,540 to 6,850 

jobs (-0.07 to 0.32 
percent) 

-4,800 jobs 

 

An Oregon Department of Environmental Quality study estimated the overall 

economic impacts of a cap-and-trade program designed to meet Oregon’s greenhouse 

gas reduction goals and forecasted a modest effect on GDP ranging from -0.08 to 
+0.19 percent, depending on various assumptions including the allocation of 

allowances (ODEQ 2017). A central question in the design of an allowance trading 

program is how the value of emissions allowances is initially distributed in the economy. 

Many scholarly articles find that an auction is attractive because it makes the initial 

distribution of allowance value transparent, ensures that there are no windfall profits, 

helps firms minimize costs by making the value of emissions reductions transparent, and 

enables the allowance value to be directed to specific purposes.  

Several studies have looked at how the proposed policy could impact employment 

levels in Oregon. An emissions trading program that caps emissions will cause an 

employment shift away from fossil-fuel intensive activities, and towards segments of 

the economy with lower carbon intensity. If revenues are invested in program-related 



 

Carbon Pricing in Oregon 17 

goals such as clean energy infrastructure or energy efficiency retrofits of buildings, 

this can amplify employment growth. Of course, the forecast that a study offers about 

these effects is strongly influenced by the individual model capabilities. The forecast 

may also be influenced by assumptions made by the sponsors of the study. However, 

as noted previously in other settings, the most independent and reliable studies 
consistently find the effect of carbon pricing on employment or overall activity is small 

and, depending on how revenues are used and other specific assumptions, the effect 

could even be positive. ODEQ (2017) finds employment impacts are more likely to be 

positive when allowances are auctioned, and revenues recycled to customers, with 

changes in employment ranging from -0.07 to 0.32 percent. However, the choice 

between auctioning allowances and providing free allocation will involve tradeoffs. 

The ODEQ study finds that, while allowance auctions are expected to have more 

positive employment impacts, free allocation is expected to have more positive GDP 

impacts. Two studies by Portland State University (PSU) find that carbon pricing 

could have a net positive impact on employment and labor income when the revenues 
are invested for consumer benefit (Liu and Renfro 2013, Liu et al. 2013). The PSU 

studies provide for relief for low-income households, with revenue set aside for 

targeted reinvestment for selected industries. If the industry reinvestment programs 

are as effective as some engineering studies suggest, they can lead to overall 

increases in GDP and employment by encouraging cost-effective investments that 

otherwise would not occur for various reasons.  

The ODEQ study also found that, of the entities in Oregon that would have to reduce 

their emissions under the policy, more than half are in industries vulnerable to leakage 

pressure from trade, and many of these vulnerable entities are in rural counties. These 

adverse impacts, however, can be mitigated. As noted previously, several scholarly 

articles and studies conducted in other venues find that the initial distribution of 

emissions allowances is more important than the actual level of the carbon price to the 

distributional outcome of a program. By concentrating the assignment of allowance 
value to vulnerable households or businesses, they can be held virtually harmless under 

the program. Since the vulnerable sectors constitute a relatively small portion of 

economic activity in the state, policymakers can expect this outcome to be achieved 

without exhausting the total allowance value, leaving some value available for investment 

in program-related goals that may further reduce any adverse impacts of the program 

and, as several studies suggest, potentially provide a stimulus to the local economy. 
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2.  Market Design for Carbon Pricing 

2.1. Summary 
Experience in several existing emissions trading programs and a rich associated policy 

literature identify key elements of program design and the effects these design 

elements have on market outcomes. Several elements serve to moderate price 

volatility and to reduce overall costs. The opportunity to bank allowances smooths 
compliance decisions over multiple years, which reduces costs, and makes the multi-

year allowance supply less vulnerable to economic shocks than without banking. A 

price floor and ceiling provide adjustments to the allowance supply to ensure that 

allowance prices remain within a price collar and reduce uncertainty. 

Offsets also serve to constrain costs by bringing compliance options into the program 

that enter only if their cost is less than the marginal cost of emissions reductions at 

sources covered by the regulation. Several offset projects exist currently in Oregon 

that deliver offsets to the California market and to the voluntary carbon markets. 

These projects are concentrated in forestry and agriculture. The introduction of a 

carbon market in Oregon with a role for offsets would provide incentives for new 

projects that support environmental amenities and program revenues in rural parts of 

the state. 

A key element of program design is the initial distribution of allowances or equivalent 

revenue from the auction of allowances. Concerns that some households or firms may 

be unfairly affected by the introduction of carbon pricing can be directly remedied 

through the allocation of allowance value. However, tradeoffs are implicit in this 
design choice, and allowances dedicated to protecting households or firms are not 

available to other program related spending options, such as investments in energy 

efficiency, research and development or other new infrastructure. 

We also consider the possibility for linking Oregon’s program with the existing 

Western Climate Initiative trading program that includes California and Quebec. 

Linking would likely result in less price volatility, lower electricity prices, and lower 

allowance prices than if Oregon were to operate as an independent market. 

2.2. Introduction 
The introduction of emissions cap and trade in Oregon would implement a cost-

effective approach to reducing emissions to achieve the state’s emissions goals. 
Emissions trading has been used in local, state, regional, national, and international 

settings for mitigation of conventional air pollutants and greenhouse gases. 

Accumulated theory and experience identify features of emissions trading market 

design that are important to achieve intended outcomes. In some cases, one finds 
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clear guidance about elements of market design; in other cases, the design choice 

depends on policy preferences. 

This memo presents background on key features of market design and the influence 

of various choices on economic outcomes. An extended introduction to many of these 

issues in the Oregon context can be found in the Oregon Department of 

Environmental Quality 2017 report cited in references. 

2.3. Elements of Emissions Trading Market 
Design  
The basic idea of emissions trading is a simple one. The state sets an emissions cap 
covering specified emissions sources and creates an intangible property right in the 

form of a transferable emissions allowance that must be submitted for each unit of 

emissions. Allowances can be introduced into the economy through an auction or sale, 

distributed freely, or a combination. Emissions sources have the flexibility to choose 

whether to comply by reducing emissions or submitting an emissions allowance, or a 

combination of these strategies. Emissions sources can purchase and sell emissions 

allowances depending on how many they need. The market price of an allowance is 

expected to approximate the marginal cost of emissions reductions across all sources. 

In this section we address elements of program design that are especially valuable in 

constraining the range of allowance prices and compliance costs: banking, offsets, and 

price floors and ceilings. We next address leakage and how it can be mitigated, and 

then address the use of auction proceeds and the initial distribution of emissions 

allowances in general.  

2.3.1. Banking 

Almost all trading programs have allowed banking of allowances from one compliance 

period to the next. For example, if the compliance period is annual, allowances issued 
could be used in the current year or any subsequent year. Banking has many positive 

attributes and is a primary tool to guard against short term price volatility. The 

exclusion of banking has sometimes had deleterious consequences. 

Banking has the positive attribute of giving firms and the market the ability to spread 

emissions reductions over time, in a similar way to how trading enables cost-effective 

compliance across locations. Because greenhouse gas (GHG) emissions are a 

cumulative pollutant, it is the total cumulative emissions rather than the emissions in 

any one year that matters to environmental outcomes. Moreover, banking tends to 

harvest emissions reductions earlier than required, with potential beneficial 

environmental consequences.  

Banking has two visible economic effects. One is that banking is expected to reduce 

overall cost. A second effect is that banking will tend to smooth inter-annual changes 
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in allowance prices; holding other influences constant, the value of allowances will 

change over time in alignment with the cost of holding allowances, i.e. the cost of 

capital. In other words, allowance prices are expected to increase over time at the real 

rate of interest if banking is possible. Closely related to this, banking is expected to 

reduce the magnitude of price movements in response to short-run market events. 
This can be especially valuable because it lends more predictability to compliance 

costs and boosts confidence in the market. 

The significant examples of situations where emissions markets have had deleterious 
outcomes occurred where emissions banking was not incorporated into the program 

design. One case was in the southern California RECLAIM program, which suffered a 

market disruption coincident with the California electricity market disruption in 2001. 

The absence of an allowance bank caused allowance prices to rise suddenly and 

precipitously, which cause a temporary suspension of the program. The second case 

was the EU’s Emissions Trading System, which did not allow banking between the first 

(2005-2007) and second (2008-2012) compliance periods. Prices rose at one point 

during the first period to 30 euro before subsequently falling to nearly zero. 

2.3.2. Offsets 

Offsets offer a second element of program design to help mitigate cost. Offsets are 

compliance instruments that substitute for an emissions allowance and are awarded 

for emissions reductions that are achieved outside the emissions market. For example, 

a dairy farmer could reduce methane emissions from animal waste by collecting and 
processing it via a biogas control system to create renewable natural gas. Or, a rural 

landowner could sequester carbon emissions through healthy soils practices on 

farmland or rangeland, or through afforestation or reforestation. The value of offsets 

that might be earned can make these activities economical. Typically, offsets enable 

regulated entities to achieve compliance at a lower cost—since regulated entities can 

purchase offsets at a significant discount relative to allowances—and the offset 

project owner would receive revenue for their involvement in and support of achieving 

Oregon’s climate goals. Offsets can provide an abundant source of relatively low-cost 

mitigation opportunities that broadens the range of stakeholders who participate in 

and benefit from carbon pricing. 

At least nineteen offset projects are already operating in Oregon. Currently, offset 

projects within Oregon provide credits to the California cap-and-trade program and to 

the voluntary market. Three non-profits—the American Carbon Registry, the Climate 
Action Reserve, and Verra—currently orchestrate the nineteen projects in Oregon, 

which have produced nearly 12 million offset credits to date, corresponding to roughly 

$84 million in potential revenue at current market prices.1 Offsets that are eligible in 

                                                             
1 We assume a selling price of $7, multiplied by 12 million offset credits. 
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the California program come from projects that either reduce methane emissions by 

converting animal waste into renewable natural gas (referred to as “livestock”  

Figure 1: Currently credited offset projects by type and county 
in Oregon 

 

projects) or improve forest management practices (referred to as “IFM” projects). For 

these projects, the California Air Resources Board, California’s climate regulator, 

enforces rigorous protocols that ensure the environmental performance of the 

projects.2 About one-fourth of the offset supply from Oregon is exported to California. 

The remainder of the offset projects contribute to the voluntary offset programs. 

These activities include livestock projects and projects that (1) destroy methane gas 

                                                             
2 However, there is currently a delay between registration and issuance of credits of up to one 
year. 
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from landfills, (2) improve grassland management, and (3) encourage the substitution 

of industrial gases. Figure 1 displays the location of these projects by county.  

Environmental Integrity 

The environmental efficacy of an offset project depends on whether it permanently 

reduces more than or less than one ton of GHG emissions for every offset credit it 

receives. If a project is over-credited, it receives more credits than emissions reduced; 

if it is under-credited it receives less credits than emissions reduced. Much of the 
policy concern and empirical evidence of over-crediting from offset projects 
originates from international Clean Development Mechanism (CDM) projects, 
which are primarily located in China. These projects claimed to virtually eliminate 
hydrofluorocarbon-23 (HFC-23) emissions from participating refrigerant factories 
(Wara 2008; Schneider 2011). These offset projects received approximately one-
third of the credits issued by the CDM globally. Cullenward and Wara (2014) 
explain that CDM rules caused factories to “artificially generate extra emissions” 
to receive inflated assigned baselines, and thereby receive more credit for the 
phase out than was deserved. After the identification of this problem, the 
European Union and New Zealand banned the use of HFC-23 offset credits from 
use in their respective emissions trading systems. More generally, however, 
Munnings et al. (2016) illustrate that the CDM HFC-23 protocol produces a 
mixture of over-credited and under-credited projects. Various approaches to 
adjust crediting to more accurately reflect the environmental outcome have been 
developed.  

Projects that are intended to achieve emissions reductions outside the market are 

subject to considerable scrutiny by regulators before they are eligible to produce 

offsets that can be used for compliance. Three concepts—additionality, leakage, and 

permanence—influence the crediting of a project. Correspondingly, an ensemble of 
non-profit actors ensures offset projects implement these concepts in practice and 

coordinate with for-profit actors to secure sufficient funding to start the project. 

The concept of additionality arises because it is often challenging to measure the 
emissions consequences of offset projects and it is difficult to determine what would 

have happened “anyway.” That is, in the absence of an offset program, would these 

out-of-market measures have occurred anyway? If so, then real emission reductions 

are not achieved. Offset developers apply protocols to protect against non-

additionality by investigating, for example, whether an offset project would be 

financially viable without the additional revenue from credits or whether the 

reductions achieved by the offset project were already mandated by a law or 

regulation. 

The concept of leakage arises because an offset project in one location could cause 

increases in emissions elsewhere. For example, if a landowner reforested to earn 

offsets in one area yet, as a consequence, harvested forest in another area, then the 
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leakage caused by that harvest erodes the mitigation achieved by reforestation. Or, 

more subtly, if a landowner ceased harvesting activity to such an extent that the 

market supply for timber decreased, thereby increasing market prices for timber, then 

a portion of the sequestration achieved by that landowner could be diminished by new 

harvesting activity caused by that higher market price for timber. Current estimates of 
leakage rates for forest offset projects vary widely from 0 percent to 92 percent 

depending on several factors including project type and geographical scope, with 

projects that cover smaller area tending to be more prone to leakage (Siikamaki, 

Ferris, and Munnings 2012).   

An approach to address additionality and leakage issues is to reduce the number of 

credits issued to the project owner. The California Air Resources Board recently 

embraced such an approach in a proposed standard to reduce tropical deforestation 

by advising that crediting baselines, which determine the number of credits a project 

owner receives, be set at least 10 percent below “business-as-usual” emissions, which 

is the number of emissions that would have happened in the absence of the project 

(CARB, 2018). 

The concept of permanence relates to whether sequestered carbon stays in the 

ground. Specifically, the California Air Resources Board recently defined permanence 

as “emissions reductions resulting from efforts to reduce tropical deforestation and/or 

degradation must not be reversed and must endure for at least 100 years” (CARB, 

2018: 7). The recent increase in fires on the West Coast provides a timely reminder 
regarding the importance of permanence for forest offset projects. Policymakers 

typically address possible impermanence of credits by creating a buffer pool that 

contains a volume of offset credits that can replace those that have lost their 

permanence due to releases of sequestered carbon.  

Fairness 

Fairness in participation arises because some offset protocols might favor large 

landowners, given the administrative costs associated with measuring sequestration. 

Advancements in protocol design are aiming to enable the involvement of small 

landowners, which might be achieved through aggregation of projects to reduce 

transaction costs and allow for statistical sampling techniques to verify reductions 

(EPRI 2012). Another involves advancements in satellite imagery that can streamline 

monitoring.  

The environmental justice community has raised an additional concern about the use 

of offsets. Reductions of greenhouse gases at regulated sources tends to create co-

benefits through the reduction of conventional air pollutants and air toxics. Often 

these reductions occur in industrial areas and affect the health of local communities. 
The introduction of offsets will reduce the abatement activities that occur at regulated 

sources, and thereby tend to reduce the changes in emissions of other pollutants. 

Program design will need to seek the right balance for Oregon between the use of 
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allowances and offsets for compliance purposes. In most programs, regulators place a 

quantitative usage limit that restricts the number of offsets an entity can use for 

compliance purposes.  

Additional Opportunities for Rural Communities 

The launch of a cap-and-trade program in Oregon would invite an opportunity to link 

with other jurisdictions through the Western Climate Initiative. This linked market 

could expand the demand for offset projects that might be supplied by Oregon project 

owners. Varying preferences regarding offset design might prove important in 
determining whether two potential linkage partners end up sharing markets (Burtraw 

et al 2013). For example, it is expected that at least one-half of offsets used by 

California regulated entities in the future will have to prove that they provide “direct 

environmental benefits,” which means the reduction or avoidance of emissions of any 

air pollutant in the state or the reduction or avoidance of any pollutant that could have 

an adverse impact on waters of the state. However, the substantial size of the Western 

Climate Initiative market may provide favorable opportunities for offset projects in 

Oregon due to its resource endowment.  

2.3.3. Price Floors and Price Ceilings 

Emissions trading programs specify a quantity of allowances that are available and 

leave the market to determine their price, but uncertainty about that price has been a 

concern at the outset of many programs. A third program element to constrain 
allowance prices and overall costs are price floors and price ceilings.  

The carbon trading programs in North America auction a substantial portion of their 

allowances and the auctions have minimum prices, like the minimum acceptable bid 

one would see on a platform such as eBay. Allowances will not be sold below the 
minimum price, and if there is not sufficient demand for allowances to sell all the 

allowances at that price, some allowances go unsold, which constricts supply and 

supports the price in the secondary trading market. Also beginning in 2021, RGGI will 

introduce an additional feature called an emissions containment reserve that will 

incrementally reduce supply when auction prices are below a specified level but above 

the price floor.  

Price ceilings in the North American programs introduce a limited number of 

additional allowances if the market price reaches a specified level, and the additional 

allowances expand supply and reduce the price in the secondary trading market. In 

the California and Quebec programs, the additional supply if needed would be sold via 

direct sale six weeks after a regular auction. The process is simpler in the Regional 

Greenhouse Gas Initiative where additional allowances are available in the regular 
auction at the specified price point.  

Beginning in 2021, in California a potentially unlimited number of additional allowances 

would become available at an absolute price ceiling. If this were ever triggered, the 
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state would use revenues from the sale of these allowances to acquire additional 

emissions reductions outside of the market.  

2.3.4. Combatting Leakage 

Emissions leakage would occur if capping Oregon’s GHG emissions causes emissions 

outside of the state to increase. In a companion memo, we described concerns about 

leakage and the evidence that leakage might result due to carbon pricing. Leakage is 

a concern where economic activity is emissions intensive and is subject to trade 

exposure. Evidence suggests leakage has been quite limited in existing programs, but 
nonetheless it could be important in some industries, and it is a real concern that 

program design should anticipate and attempt to mitigate.  

The primary way this concern has been addressed in trading programs is through the 
free allocation of emissions allowances. However, free allocation can be implemented 

in different ways. If it is based on historic activity, then the free allocation will provide 

little incentive for industry to avoid leakage because they would receive the allocation 

regardless. Trading programs have evolved away from the approach of basing 

allocation on historic activity and moved toward updating the allocation based on 

current activity (economic output). This approach is called updating output-based 

allocation. The larger the share of production that a firm undertakes in the jurisdiction, 

the larger the share of free allowances that the firm will receive. Hence, the allocation 

provides an incentive to expand production in the jurisdiction. The quantity of 

allowances that are allocated for free is determined on an industry-by-industry basis. 
Modeling and limited empirical analysis indicates that this approach substantially 

reduces the amount of leakage that might occur. 

Updated output-based updated allocation does not undermine the overall integrity of 
a statewide emissions cap. If a firm increases its production it receives additional 

allowances, but this decreases the allowances that can be auctioned or granted to 

other firms or industries; the statewide emissions cap remains unchanged.  

For the electricity sector, Musgrove et al. (2017) study RGGI and suggest other 

approaches to combat leakage including expanded spending on energy efficiency. 

Strengthened renewable and clean energy standards could reduce leakage, along with 

voluntary renewable energy set-aside programs. Comprehensive coverage of all plants 

including smaller plants (under 25 MW) is important to prevent leakage to those 

facilities. California takes the further step of applying the cap to all electricity 

delivered to load-serving entities so that it covers imported power. California can 

plausibly do so because the state is effectively congruous with the California 

electricity market; however, this approach would be more difficult to operationalize in 

Oregon.  
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A broadly useful solution to leakage for all sectors would be the expansion of carbon 

pricing through linking with other state programs in the region. We discuss linking 

below in the context of its effect on allowance prices. 

2.3.5. Distribution of Allowances 

Emissions allowances are valuable, like other government-enforced property rights 

such as leases for oil and timber lands or the airwave spectrum. An important feature 

in trading program design is how that asset is initially distributed into the economy.  

There are three fundamental ways allowances or auction proceeds are distributed in 

existing programs. One is to direct them to program-related expenditures, a second is 

to direct them to government revenues for other programs or tax swaps, and third is 

to redistribute auction proceeds back into the economy independent of program 
goals. One fact overshadowing this decision is that tradeoffs must be made. 

Distributing allowances to one purpose means those allowances or their equivalent 

auction proceeds are not available to another purpose. 

Program-Related Use of Proceeds 

The existing carbon markets in North America and Europe direct a substantial share 

of the auction proceeds to achieving program goals. This approach includes funding 

of activities such as energy efficiency programs, deployment of renewables, low-

carbon transit opportunities, research, and adaptation-related spending to cushion 

communities from the effects of climate change. In many cases these funds accelerate 

emissions reductions from sources that are covered by the emissions cap, so the 

spending reduces the demand for allowances and consequently reduces the allowance 

price. One justification for this approach is that spending helps overcome 

technological or institutional barriers to emissions reductions that could not be 
achieved by a modest carbon price. Another justification is that the spending 

contributes to the political sustainability of the program by keeping the allowance 

price low and thereby mitigating leakage. 

A different program-related use of proceeds is to protect against economic leakage 

for energy intensive, trade exposed industry. Allowances are distributed freely to 

these industries based on a firm’s share of total economic activity in its industry. This 

allocation rule provides an incentive to expand production and keep economic activity 

in the state.  

Directing Proceeds to Government 

Sometimes auction proceeds are funneled to government fiscal affairs in two ways. 

One way is to direct them to general revenues where they are used to balance the 

budget or pay for other government activities. A second way, which public finance 

economists have emphasized would accelerate economic growth, is to use auction 

proceeds to reduce other sources of government revenue through a tax swap. 

Reducing other taxes can spark economic growth by encouraging labor supply or 
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capital investment. Directing proceeds to the fiscal budget through government 

spending or a tax swap has been an element of carbon tax proposals and is 

implemented as part of British Columbia’s carbon tax, but it has been a small aspect of 

cap-and-trade programs. 

Sending Proceeds Directly Back into the Economy 

Some programs have directed a portion of auction proceeds directly back to 

households on a per capita basis. One justification for this approach is to address 

distributional impacts for low income households. Another justification relies on the 
common property aspect of atmosphere resources suggesting that rebates are 

compensation to the owners of the common atmosphere for damage to that resource. 

This approach has progressive distributional outcomes. 
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2.4. Expectations of the Allowance Price 
The allowance price represents the marginal cost of achieving the emissions target 
and it is the most visible feature of the cap-and-trade program. In this section we 

describe the experience in other trading programs and how that might foreshadow the 

outcome in Oregon. 

2.4.1. Experience in previous programs 

The possibility of high prices has dominated the political narrative when introducing 

emissions markets and has led to various elements of program design to mitigate that 

possibility including emissions banking, offsets, cost containment reserves and price 

ceilings. Historically, however, emissions allowance prices consistently have fallen 

below the values anticipated ex ante when the regulations were initially promulgated 

and only rarely have the markets experienced short-run price spikes. Burtraw and 

Keyes (2018) survey market outcomes in trading programs for sulfur dioxide, nitrogen 

oxides, volatile organic compounds and carbon dioxide and find that prices have been 

consistently below expectations and often have fallen over time. 

Lower-than-expected prices may appear less like a problem than a virtue since they 

may represent lower-than-expected costs of compliance. However, programs that do 

not behave as expected by policymakers or investors or as described in economic 
theory can pose a political problem. Several factors help to explain this outcome. One 

obvious potential cause is an excess supply of allowances. The determination of 

annual emissions caps is subject to information brought to policy makers. Firms have 

limited information about the opportunity to reduce emissions if they have not been 

priced previously, and they certainly have no incentive to exaggerate the possibility of 

emissions reductions.  

Allowance prices often fall below expectations because the incentives created by 

emissions trading programs work as intended. Emissions trading triggers a search for 

ways to reduce emissions at low cost within a facility and brings various facilities and 

abatement methods into competition to identify the least cost way to achieve 

reductions across the industry. The outcome of this dynamic process is difficult to 

anticipate ex ante, but experience indicates the power of competitive forces in driving 

innovation works in allowance markets just as in other markets.  

Typically, emissions trading programs have built-in policies regarding the distribution 

of allowances or auction revenue that reinforce program goals. The existing carbon 

markets in North America and Europe direct a substantial portion of allowance value 
to energy efficiency, renewable energy and research and development. The success of 

these spending priorities in turn pushes down the price of allowances. 

Another driver for low allowance prices is policies and actions that might be taken 
seemingly independently by lower level jurisdictions (cities and towns) and 
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organizations (firms, schools and churches). For example, initiatives to promote 

transportation alternatives in local communities may result in lower emissions 

outcomes, and many firms have taken low carbon pledges to appeal to favorably 

brand themselves. These actions will reduce the demand for emissions allowances and 

result in a lower allowance price. 

Finally, emissions trading programs exist within a landscape of other policies within 

the state and at the federal level. Oregon’s policies to promote energy efficiency, 

renewable energy and low carbon fuels are aimed to overcome information and 
technology barriers to innovation, but their success also affects the outcome in the 

allowance market. Federal policies such as a production tax incentive for renewable 

energy or fuel efficiency standards for vehicles will also push down the demand for 

allowances. 

The trading market that is the most relevant for Oregon is the Western Climate 

Initiative (WCI) that involves California and Quebec and for a brief period included 

Ontario. Figure 2 illustrates that prices were volatile initially as firms first developed 

compliance plans, but soon the program settled into a price path at or just above the 

price floor in that market.  

Figure 2. Prices in the Western Climate Initiative carbon dioxide 
trading program. 

 

0

5

10

15

20

25

1-Jun-11 1-Jun-12 1-Jun-13 1-Jun-14 1-Jun-15 1-Jun-16 1-Jun-17
California California-Quebec Joint Auction
California-Ontario-Quebec Joint Auction

Dol lars, nominal

Price Floor

Note: Auction prices are used where market prices are not available.
Sources: Thomson Reuters; Ca lifornia ARB; Quebec MDDELCC.



Resources for the Future 30 

2.4.2. Forecasts for Oregon 

Several recent studies model hypothetical carbon pricing policies in Oregon and 

estimate carbon prices and emissions reductions. These studies provide insights on 

the level of carbon price that would be required to meet Oregon’s emissions reduction 

targets.3 Two studies (Liu and Renfro 2013; Liu et al. 2014) model carbon taxes that 
begin at $10 per metric ton of carbon dioxide and rise annually to reach maximum 

prices ranging from $10 to $150 per ton. Two other studies (ODEQ 2017; Ditzel et al. 

2017) model cap-and-trade programs designed to help Oregon meet its emissions 

reductions target. The ODEQ study considers two levels of cost per ton of emissions 

reductions, implicitly assuming additional policies may be necessary. Table 3 shows 

the carbon price and projected emissions reductions for each study in comparison to 

Oregon’s climate target.  

These studies suggest that a relatively high carbon price is required to meet Oregon’s 

climate target when carbon pricing provides the sole policy instrument. Liu and Renfro 

(2013) and Liu et al. (2014), which model a carbon tax starting at $10 per ton and rising 

annually, find that only the taxes that rise to at least $100 per ton will achieve the 

magnitude of reductions necessary to meet Oregon’s target.  

Ditzel et al. (2014) find that a cap-and-trade program that would achieve Oregon’s 

target would require an allowance price that starts at $13 per metric ton in 2021, rises 

to $84 in 2035, and ends up at $464 per ton in 2050. ODEQ (2017) follows a different 

approach: they bound allowance prices by the minimum and maximum prices allowed 
in the WCI trading program in 2035 ($32 to $89 per ton) and estimate economic 

impacts. With additional complementary policies (beyond the climate policies that are 

already exist in Oregon) in place, they find that cap and trade would need to reduce 

emissions by 23 to 37 percent below 1990 levels to achieve Oregon’s target in 2035. 

Together, these results suggest that if Oregon relies primarily on cap and trade and 

acts independently to achieve its emission reduction goals, it can expect a carbon 

price relatively higher than what is expected in the WCI.  

 

                                                             
3 The Oregon state legislature in 2007 adopted goals of reducing greenhouse gas emissions by 
10 percent below 1990 levels by 2020 and at least 75 percent below 1990 levels by 2050. The 
Oregon Global Warming Commission recommended an interim goal of approximately 40 
percent below 1990 levels by 2035.  
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Table 3: Studies of carbon pricing in Oregon 

 Liu and Renfro 

(2013) 

Liu et al.  

(2014) 

ODEQ  

(2017) 

Ditzel et al. 

(2017) 

Oregon 
Climate 

Target 

Policy 

modelled 

Carbon tax rising 

over time 

Carbon tax rising 

over time 

Carbon tax rising 

over time 

Cap and trade / 

low cost 

Cap and trade / 

high cost 
Cap and trade  

Year 2035 2029 - 2034 2029 - 2034 2035 2035 2035 2035 

Change in 

emissions 

from 1990 

levels 

10.6 percent 

5.1 percent 

(annual 
average) 

-35.2 percent (annual 

average) 

-23 percent (9 

million tons CO2e) 

-37 percent 

(16 million tons 
CO2e) 

-45 percent -40 percent 

Carbon 

price  

(per 

metric ton 

CO2e) 

$60  

(dollar years not 

specified) 

$10  

(dollar years 

not specified) 

$150  

(dollar years not 

specified)1 

$32  

(2015$)3 

$89  

(2015$) 

$84  

(2016$) 
 

1 Liu et al. (2014) also model carbon taxes with maximum prices of $30, $45, $60, $100 and $125.
2 ODEQ (2017) models two scenarios in which complementary policies achieve either 8 or 15 million tons of CO2e reductions in 2035, leaving either 9 or 16 million 
tons of reductions from cap and trade to reach Oregon's 40 percent emissions reduction climate target. 
3 The two carbon prices in ODEQ (2017) are assumed rather than estimated by the model.
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2.4.3. How Oregon’s Trading Program Might Interact with the Western 
Climate Initiative 

Oregon’s proximity to California offers an advantage to Oregon in adopting a carbon 

price because the possibility of leakage to its southern neighbor is mitigated by the 

presence of a price in that jurisdiction. Oregon would be advantaged by linking to the 

WCI. We see five main ways that such a link would have positive implications for 

Oregon. Finally, we consider other considerations such as governance that might 

affect the outcome. 

Price  

The market price of allowances in the WCI has been near its minimum auction price for 

several recent auctions. This price path is substantially below the prices estimated to 

be necessary to achieve Oregon’s climate goals if Oregon were to use act 

independently in the reviewed studies.  

Price Certainty 

The cost of achieving Oregon’s climate goals is uncertain, but that uncertainty would 

be substantially reduced if Oregon were to link to the WCI. Oregon’s emissions would 

be roughly one-tenth of the total emissions if it were to link with the WCI. The price 
path in the WCI has been rising steadily at about 5 percent (in real terms) per year 

since 2014. There is uncertainty about whether that price path will continue 

(Borenstein et al. 2018), but the size of the market is likely to offer greater price 

stability than if Oregon were to operate as an independent market. One reason is that 

secular factors such as weather or economic events that might influence the allowance 

price would be less correlated across units geographically dispersed and would have a 

smaller effect over a larger region. Consequently, the allowance price would be 

expected to be less volatile. 

Electricity Sector 

Oregon’s electricity sector operates in a traditional cost-of-service regulatory 

framework. Simply stated, this is characterized by average cost pricing, meaning that 

the electricity price is approximately equal to the average system cost. Linking an 
allowance market in this context is expected to unequivocally result in lower electricity 

prices than if Oregon were to operate as an independent market because if any trades 

occur there must be gains from trade, and under cost-of-service regulation those gains 

accrue to consumers.  

The price represents the marginal cost of emissions reductions. If the price in Oregon 

were greater than the price among the other jurisdictions in the WCI, then Oregon 

would pursue fewer emissions reductions and instead obtain lower cost allowances 

from the WCI, saving money overall. If the price were lower in Oregon compared to the 

WCI, then Oregon would pursue additional emissions reductions that could enable 

allowances to be sold to California, bringing in revenues greater than cost. In either 



 

Resources for the Future 33 

case, the cost of service in Oregon would be reduced and average electricity prices 

would fall because of linking. Consequently, while the allowance price may be greater 

or lower due to linking, lower electricity prices would be the result.  

Financial Flows and Investments 

As illustrated above, if allowances are traded among firms in different jurisdictions 

there would implicitly be a flow of funds into or out of those jurisdictions. This outcome 

is no different than in other commodity markets. However, stakeholders may be 

concerned that the purchase of allowances from outside Oregon would be associated 
with greater emissions and less abatement within Oregon. This might imply less 

investment in new energy infrastructure, fewer jobs, and fewer reductions in co-

pollutants that are associated with fossil fuel combustion like sulfur dioxide and 

nitrogen oxides.  

An economic response to this concern would focus on overall economic welfare in 

Oregon. By capturing gains from trade associated with linking, overall costs are lower, 

and firms and households have more assets to address other priorities, and so are 

better off overall.  

This response may not be satisfactory from an environmental justice perspective if 

disadvantaged communities in Oregon are not benefiting from the policy because 

emissions reductions are not being achieved in the state. To address this concern, 

Oregon might rely on companion policies that require sector-specific investments to 

be achieved, or that require that direct environmental benefits should accrue to 

disadvantaged communities. 

Offsets 

Offsets will enter the market only if their cost is less than the price of allowances, and 

consequently offsets will reduce the price of allowances. If Oregon links with the WCI, 

there might be greater opportunity for the creation of offsets in Oregon to serve the 

larger market, which would bring investment and employment opportunities to Oregon 
that might especially accrue in rural areas. 

As we have noted, the use of offsets results in fewer emissions reductions among 

sources covered by the regulation. Most jurisdictions limit the quantity of offsets that 
can be used for compliance. California introduces a second criterion, that more than 

half of the offsets that are used for compliance by any firm should yield direct 

environmental benefits to California. This criterion limits the use of offsets from out-of-

state projects, such as projects in Oregon, and if this criterion were binding and 

actually limiting the introduction of out-of-state offsets then linking would not enable a 

greater number of offsets from Oregon to enter the California market.  

Oregon may not necessarily adopt the same offset rules as California, and offsets used 

for compliance in Oregon may free up allowances under Oregon’s emissions cap that 

could enter the California market. In this case, Oregon’s offset protocols would 
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propagate throughout the WCI. This potential outcome will likely be a point of 

negotiation in preparation for linking. 

Other Factors 

A final consideration is the effect of linking on governance, including the rules for the 

trading program and adjustments that might be made in the future. An extensive 

literature describes the degree of harmonization that might be adopted in various 

approaches to linking. One consideration is the constraints on allowance prices that 

might be part of a linked market. The other WCI jurisdictions have closely aligned price 
floors, implemented as minimum auction prices, and price ceiling implemented as cost 

containment reserves. In 2021, California will add a hard price ceiling, meaning that 

unlimited compliance instruments are available at the price ceiling and prices could 

not rise above that level. Linking would propagate these allowance price constraints 

into Oregon, and conversely, some policies in Oregon might propagate across the WCI 

(Burtraw et al. 2013). For example, if Oregon instituted a price ceiling below the price 

ceiling in the other WCI jurisdictions and issued supplemental allowances at the price, 

the Oregon policy would preemptively set a maximum price throughout the WCI. 

Issues such as this would be central to a negotiation preceding a linking arrangement 

with the WCI. 
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