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1.  Introduction


The choice of pollution control instrument is a crucial environmental policy decision, and with growing momentum for federal legislation to control greenhouse gases, interest among policy makers in the issue of instrument choice has reached a fever pitch.  The toolkit of environmental instruments is extensive, including alternatives such as emissions taxes, systems of tradable emissions allowances (“cap-and-trade”), subsidies for emissions reductions, performance standards, mandates for the adoption of specific technologies, and subsidies for research toward new, “clean” technologies.  How to choose among the alternatives?


The choice is inherently difficult because competing evaluation criteria are involved.  Two important criteria are economic efficiency and its close relative, cost-effectiveness.  Economists have tended to give the most attention to these criteria.  Other important criteria are the distribution of benefits or costs (across income groups, ethnic groups, regions, generations, etc.), and minimizing risks of excessive abatement costs or severe environmental damages in the presence of uncertainty.  Some analysts would include political feasibility as further, independent criterion. 


Evaluating the impacts along any one of these dimensions is hard enough.
  Considering several dimensions adds further difficulty.  Beyond the theoretical and empirical challenges involved, there is a sobering conceptual reality:  the absence of an objective procedure for deciding how much weight to give to the competing normative criteria.  As a result, selecting the “best” instrument involves art as well as science.


A basic tenet in elementary textbooks is the “Pigouvian” principle that pollution should be priced at marginal external cost.  This principle usually suggests that emissions taxes are superior to alternative instruments.  While the Pigouvian insight remains highly valuable, research conducted over the past few decades indicates that it is not always sufficient or reliable in light of information problems, institutional constraints, technology spillovers, and fiscal interactions.  A more sophisticated set of considerations is required, which at times will justify engaging instruments other than emissions taxes.  This essay attempts to pull together some key findings in the recent literature and distill lessons for policy makers.


A full treatment of the major issues would occupy an entire volume, perhaps several.  Our goal is to sketch out key strengths and weaknesses of alternative environmental policy instruments and refer the reader to relevant studies for the details.  Our approach is largely normative:  we suggest what instruments a policy maker ought to invoke under various conditions.  While we offer a few comments about why certain instruments tend to have greater political success than others, we do not provide an in-depth analysis of the (positive) political economy of environmental regulation.
    In addition, we offer relatively little attention to strictly international considerations that bear on instrument choice or policy design.  Our focus is on domestic policy choice.


Several general themes emerge from the discussion.  They include: 

· No single instrument is clearly superior along all the dimensions relevant to policy choice, and even the ranking along a single dimension can depend on the circumstances involved.  For example, whether certain incentive-based policies are more cost-effective than other instruments depends on the extent of pollution reduction, the range of opportunities for abatement, the way policy-generated revenues are used, and the extent of other market failures beyond the one stemming from the pollution externality.

· Significant trade-offs arise in the choice of instrument.  In particular, assuring a reasonable degree of fairness in the distribution of impacts, or promoting political feasibility, often will require a sacrifice of cost-effectiveness.

· It is possible and sometimes desirable to design hybrid instruments that combine features of various instruments in their “pure” form.  For example, emission allowance systems can be augmented to exploit some of the attractive properties of emissions taxes, and vice versa.

· For many pollution problems, more than one market failure may be involved, which may justify (on efficiency grounds, at least) employing more than one instrument.  For example, promoting adequate development of clean technologies may justify complementing emissions-control policies with instruments that directly promote technological change by targeting market failures associated with innovation.

· Potential overlaps and undesirable interactions among environmental policy instruments are a matter of concern, especially in circumstances where “global” environmental problems such as climate change are being simultaneously addressed at local, state, national, and international levels.


The rest of the paper is organized as follows.  The next section investigates the cost-effectiveness of alternative emissions control instruments using a relatively narrow, traditional notion of cost.  Section 3 considers broader cost dimensions, as well as other important criteria for comparing emissions control instruments.  Section 4 discusses the rationale for environmental policy instruments that might deal with market failures related to technology development.  Section 5 explores the problem of policy interactions and its implications for instrument choice.  The final section concludes. 

2.  Cost-Effectiveness Considerations


We start with a focus on cost-effectiveness – a comparison of the costs of achieving given emissions reductions under different instruments.  For now we apply a narrow interpretation of cost, one that only encompasses compliance costs within the firms or industries targeted for regulation.  Later sections will consider the potential importance of policy implementation costs as well as general equilibrium effects that can yield costs to agents other than the firms targeted by the environmental regulations. 


We now consider instruments whose main purpose is curbing emissions or effluent, as opposed to promoting new technologies.  These include incentive-based instruments such as emissions taxes, subsidies to emissions reductions, taxes on goods associated with pollution (e.g., a gasoline tax), and tradable emissions allowances.  They also include direct regulatory instruments
 such as technology mandates and performance standards.
.


Minimizing the cost (narrowly defined) of controlling pollution by a given targeted amount requires equating marginal abatement costs across all potential options and agents for emissions reduction, including:

· the various abatement channels available to an individual firm or facility:  namely, switching to cleaner inputs or fuels, installing abatement capital (e.g., post-combustion scrubbers), and reducing the overall scale of production.  

· firms or facilities within a production sector – which may face very different costs of abatement and existing emissions intensities.

· production sectors, such as manufacturing industries and power generation.

· households and firms, where household options might include reducing automobile use or purchasing more energy-efficient appliances or vehicles.

In theory, these conditions will be satisfied when all economic actors face a common price, at the margin, for their contributions to emissions of the pollutant in question (Baumol and Oates (1971)).  In such circumstances, every firm in every (emissions-producing) sector has an incentive to exploit all of its abatement opportunities until the marginal cost of reducing emissions equals the emission price, thereby assuring that the first three bulleted conditions are satisfied.  Moreover, the cost of emissions control and the price paid for remaining emissions will be passed forward into the prices of final goods and services.  Consequently, consumers will face prices that reflect the emissions associated with the production of the goods they buy or the services they use, and thus their consumption choices will account for their contributions to emissions, in keeping with the fourth bulleted condition above.
  Thus, because all agents will be charged the same unit price for their direct or indirect contributions to emissions, the marginal costs of emissions reductions of all agents will be brought to equality.

Note that maximizing cost-effectiveness requires that all agents face a common price, but does not require that they face any particular price.  The stronger condition of maximizing net benefits, or the efficiency gains from policy intervention – implies a particular price:  namely, the one that equates the marginal benefits and costs of emissions reductions.

In reality, environmental regulations rarely are comprehensive enough to apply a given emissions price to all economic sectors or agents.  Far more frequently the goal is to maximize cost-effectiveness within a targeted sector or set of industries.  Requiring all agents within the targeted sector or group of industries to face a common emissions price will minimize costs (narrowly defined) within that group, but generally does not lower costs as much as would a more comprehensive program.

a.  Incentive-Based Instruments


What specific instruments might establish a common emissions price?  Clearly an emissions tax is one.  A system of tradable emissions allowances (or “cap-and-trade” system) also imposes a single price of emissions on all covered sources, that is, all sources that must justify their emissions by submitting allowances.  This holds no matter whether the allowances are initially distributed through an auction or by free allocation.  In either case, an additional unit of emissions implies a cost equal to the allowance price, since it compels the agent either to purchase one extra allowance or to sell one fewer (and forgo revenue).  As under the emissions tax, the costs of abatement as well as the emissions price are reflected in higher prices of consumer goods and services.


Another potential emissions pricing instrument is a subsidy for pollution reductions, where firms are rewarded for every unit that emissions are reduced below some baseline level.  At the margin, this instrument imposes the same incentives as under emission taxes or cap and trade, since every additional unit of emissions implies a cost to the firm in forgone subsidy receipts.  Thus, these subsidies can bring about the same choices for input intensities and end-of-pipe treatment as do the other emissions pricing policies.  However, in practice such subsidies are less cost-effective than emissions taxes or tradable allowances.  Although they promote efficient use of the input-substitution and end-of-pipe channels referred to in the first bulleted text above, they provide the wrong incentives regarding the level of output because they lower firms’ average costs and thereby lead to excessive entry.
  As a result, to accomplish the same target emissions reductions as under the other two policies, regulators would need to increase the marginal price of emissions (in this case, the subsidy rate) above the price under the other policies, leading to too much abatement from input substitution or end-of-pipe treatment, and too little from reduced output.  This implies higher aggregate costs of achieving a given target.


Still another pricing instrument is a tax on an input, produced good, or service associated with pollution.  Taxes on gasoline or electricity are examples.  These taxes may be an attractive option when it is difficult to monitor emissions directly (as discussed in Section 3 below).  However, because these taxes do not focus sharply on the externality, they bring about emissions reductions through only a subset of the channels referred to above, implying a loss of cost-effectiveness.  For example, a tax on electricity lowers emissions by raising prices of electricity and thereby lowering demand and equilibrium output, but it provides no incentives for clean fuel substitution in power generation or for the adoption of electrostatic emissions scrubbers (a form of post-production or “end-of-pipe” treatment).  Similarly, although a gasoline tax might encourage motorist to drive hybrid or more fuel-efficient vehicles, it provides no incentives for them to drive cars that burn gasoline more cleanly, or for refiners to change the refinery mix to produce a motor fuel that generates less pollution when combusted. 

b.  Direct Regulatory Instruments

Compared with emissions taxes and tradable emissions allowances, various direct regulations are at a disadvantage in meeting the conditions for cost-minimization.  The disadvantages reflect information problems faced by regulators as well as limitations in the ability of these instruments to engage optimally the various channels for emissions reductions.

Consider first the impact of a technology mandate – a specific requirement regarding the production process.  The mandate may require, for example, that firms install equipment that implies a particular production method.  A regulator is unlikely to have the information necessary to determine what particular technology requirement corresponds to that which meets the cost-minimization objective.  Given that firms differ, it is extremely unlikely that a regulator would be able to determine the appropriate technology mandate for each and every firm so that, across firms, marginal costs of abatement by way of end-of-pipe treatment are equated.  Or, if a single mandate is applied to all firms, cost-effectiveness will be undermined to the extent that firms are heterogeneous and face different costs for meeting the mandate (Newell and Stavins (2003)).
  

In addition, the technology mandate does not optimally engage all of the major pollution reduction channels listed within the first bullet above.  A technology mandate for end-of-pipe treatment generates no incentive to change the production mix towards cleaner inputs, while a mandate stipulating a particular input mix provides no incentive for end-of-pipe treatment.  Both types of mandate fail to equate the marginal costs across the different options for reducing emissions per unit of output.

Moreover, these policies do not optimally engage the output-reduction channel.  Although the price of the firm’s output will reflect the variable costs of maintaining the new technology, it will not reflect the cost of the remaining pollution associated with each unit of output. This implies that the price of output will be lower than in the case of emissions pricing, where the output price will reflect both the variable costs from the new technology and (since firms must pay for their remaining pollution) the price attached to the pollution associated with each unit of output.  Technology mandates therefore do not cause firms to reduce pollution sufficiently by way of reductions in the scale of output.
  Because the output-reduction channel is suboptimally exploited, in order to achieve the overall emissions-reduction target the regulator would have to require firms to press further on the input-substitution and end-of-pipe channels than would be necessary under emissions-pricing instruments.  The lower per-unit private cost and lower output prices might seem to be an advantage for the technology mandate.  However, because scale of output is excessive and the other channels are “over-exploited,” the aggregate cost of achieving the emissions-reduction target – private cost per unit of output times aggregate output – is in fact higher under this policy instrument than under emissions pricing.


While technology mandates impose requirements directly on the production process, performance standards require that the output of a given firm meet certain conditions.  Examples include maximum emission rates per kilowatt-hour of electricity, energy efficiency standards for buildings or household appliances, and fuel-economy requirements for new cars. Sometimes the term “performance standard” is used to refer to a constrain on inputs rather than outputs.  Examples are minimum requirements for renewable fuels in power generation.
  


Rather than dictate the specific technique for reducing pollution (or improving energy efficiency), performance standards allow firms some flexibility in choosing how to meet the standard.  For example, power plants can satisfy maximum allowable emission rates through various combinations of fuel-switching and post-combustion scrubbing, and they can meet renewable portfolio standards by wind, solar, hydro, and possibly nuclear. Auto manufacturers can improve fuel-economy through their chosen combinations of reducing vehicle size, using lighter materials, changing car-body design (better aerodynamics), and advanced engine technologies.  Because they offer greater flexibility, performance standards generally are more cost-effective than specific technology mandates.


As with technology mandates, performance standards fail to exploit optimally the output-reduction channel. Again, firms are not charged for their remaining emissions, which implies lower output prices than under a comparable emission pricing policy, and over-reliance on reducing the emissions intensity of production either through input-substitution or post-combustion (“end-of-pipe”) treatment.  For example, automobile fuel economy standards do not exploit emissions reductions through incentives to reduce vehicle miles of travel (or vehicle “output”).  A gasoline tax, in contrast, would provide such incentives.  Moreover, cost-effectiveness generally calls for different performance requirements among firms with differing production capabilities.  Regulators generally lack the information required to tailor the standards to individual firms in a way that would meet this condition.  On the other hand, this problem could be addressed by allowing some firms to under-comply, provided that they buy credits from other firms that go beyond the standard.

The first two numbered columns of Table 1 summarize some main results to this point.  The asterisks in the table indicate a cost-advantage along the dimension represented by a given column.  Under the narrow definition of “cost” currently considered, the most cost-effective instruments are those that directly price the pollution externality:  namely, emissions taxes and tradable emissions permits.  As indicated by column 1, other price instruments are less cost-effective because they fail to exploit optimally all of the major channels for emissions reductions.  Direct regulatory instruments also fail to exploit optimally all of the major channels.  The table also indicates that direct regulatory instruments, if non-tradable, have a disadvantage along another dimension (column 2):  they fail to equate the marginal costs of emissions reductions across heterogeneous firms.

c.  Empirical Studies Comparing Costs of Different Instruments

How empirically important are these differences in costs across the policy instruments?


Tietenberg (2006) Table 3.1, summarizes 14 simulation studies applied to different pollutants and regions.  In all but two cases, abatement costs are 40-95 percent lower under emissions taxes or tradable allowances than technology mandates, (non-tradable) performance standards, and other policies such as requirements that all sources reduce pollution in the same proportion.  In the context of reducing gasoline use, Austin and Dinan (2005) estimate that policy costs are around 65 percent lower under fuel taxes than more stringent fuel economy regulation (partly because regulation does not exploit opportunities for fuel savings through reducing vehicle miles of travel). According to Palmer and Burtaw (2005) and Fischer and Newell (2007), abatement costs are at least 50 percent <check> lower under emissions pricing in the power sector than under renewable portfolio standards.  Newell and Stavins (2003) estimate about a 50 percent cost-saving from using emissions pricing instruments instead of a uniform performance standard, for power plant emissions of nitrogen oxides in the eastern United States.

In some cases, however, the cost-advantage of incentive-based policies may not be large.  Their cost advantage may be modest if most of the behavioral response to incentive-based policies would in fact be firm adoption of a control technology that could be mandated by the government.  Similarly, if incentive-based instruments only have a small effect on product prices, then the failure to optimally exploit the output reduction under regulatory approaches will not matter much in practice. And even if output reduction effects are important, they may converge under regulatory and emissions pricing policies as abatement approaches 100 percent (Goulder et al. (1999).

3.  Further Considerations Relevant to Instrument Choice
a.  Policy Implementation Costs


A broader notion of “cost” also includes the costs of administering a pollution control program.  Prominent among the administrative costs are the costs of monitoring and enforcement.  In some instances, monitoring emissions can be very costly or virtually infeasible.  For example, it is extremely difficult, if not impossible, to keep track of “nonpoint” sources of water pollution caused by agricultural production.  In circumstances where monitoring emissions is exceptionally costly, emissions pricing may lose its status as the most cost-effective option.  Mandates for certain farm practices (like grassed water strips to limit chemical run-off, or lagoons and storage tanks to treat waste from large confined feeding animal operations) may be the most practical approach, as these can be monitored via satellite imagery or on-site inspections.  nd although a motorist’s tailpipe emissions could be taxed using information from periodic odometer readings and emissions per mile data from vehicle inspection and maintenance programs, imposing emission per-mile standards on automobile manufacturers is administratively much easier, and avoids privacy concerns with government data collection of household driving habits. 

In some cases, high monitoring costs associated with emissions pricing can be avoided by using a “two-part” regulatory instrument to approximate (and in some cases duplicate) the impact of emissions pricing.  Eskeland and Devarajan (1995) show that a tax on automobile emissions is closely approximated by the combination of a mandated emissions-control technology combined with a tax on gasoline.  Intuitively, the technology mandate assures efficient substitution of the “inputs” (engine characteristics) used to produce transport, while the tax on gasoline helps employ the output-scale channel by raising the variable cost of transport (the car’s output) to an efficient level.  These authors show that this two-part approach can closely approximate the impact of a tax on automobile emissions in Mexico City.  Similarly, if pay-by-the bag for household garbage is difficult to enforce in rural areas where it might encourage illegal dumping, an alternative might be to combine a packaging tax at the retail level with subsidies for household recycling (e.g., Fullerton and Wolverton (2000)). <This seems an example of a deposit-refund system.  Should say more about such systems.>

b.  Broader Cost Impacts from Fiscal Interactions 


The cost-ranking of emissions control policies becomes more complex once one accounts for general equilibrium impacts—in particular, interactions between these policies and distortions in labor and capital markets that are created by the broader tax system.  Fiscal interactions can substantially augment or reduce the advantages of incentive-based policies, depending on specific policy features.  In fact, once fiscal interactions are taken into account, in  certain cases emssions-pricing policies might emerge as more costly than direct regulation.

A number of studies emphasize that emissions mitigation policies potentially impact tax distortions in factor markets, particularly those in the labor market created by income and payroll taxes.  Emissions mitigation policies interact with factor markets in two main ways (see, for example, Goulder (1995)).  First, under revenue-raising policies like emissions taxes, fuel taxes, or cap-and-trade systems with auctioned allowances, the revenue can be used to finance reductions in existing factor taxes.  This produces a first-order efficiency gain, equal to the increase in labor supply (or capital) times the wedge between the gross and net-of-tax factor price.  Although the proportionate increase in factor supplies may be very small, this beneficial “revenue-recycling effect” can still be large in relative terms, given the very large size of factor markets relative to polluting industries affected by the emissions control policy, as well as the fact that factor tax wedges are substantial at the margin (Parry and Oates (2000).  A second effect works in the opposite direction.  To the extent that the costs of environmental policies are shifted forward to consumers (in the form of higher prices paid for refined fuels or energy-intensive goods and services), the consumer price level will rise, implying a reduction in real factor returns.  This depresses factor supply, and the resulting efficiency loss, termed the “tax-interaction effect,” raises the costs of environmental policies.


Prior studies indicate that under fairly neutral conditions the tax-interaction effect dominates the revenue-recycling effect (although one can stipulate other conditions under which this is not the case
).  To the extent that the tax-interaction effect dominates, environmental policies will involve greater costs than would be assumed if one ignored the fiscal interactions.  Under revenue-raising environmental policies that use their revenues to finance cuts in pre-existing taxes, revenue-recycling may only partly offset the cost-increase due to the tax-interaction effect.  For policies that raise no revenue (such as freely allocated emissions permits, performance standards or mandated technologies) or for policies that “waste” revenues rather than use them to enhance economic efficiency, only the (costly) tax-interaction effect applies.


What do fiscal interactions imply for the choice among environmental policy instruments?  First, they imply that the costs of emissions taxes and tradable emissions allowance systems will depend importantly on whether the system is designed so as to exploit the revenue-recycling effect.  Emissions taxes with recycling of the tax revenue have a cost-advantage over emissions taxes in which the revenues are returned as lump-sum transfers (e.g., rebate checks).  Similarly, emissions allowance systems that raise revenue (through auctioning of allowances) and apply the revenue to finance tax cuts have a cost-advantage over emissions allowance systems in which the allowances are initially given out for free.


The cost-advantage can be substantial.  For example, a $20 per ton tax on CO2 might reduce nationwide emissions by around 10 percent over time and raise annual revenues in the near term of over $100 billion.  If this tax were revenue-neutral, we would put the cost savings over an equivalent incentive-based policy that did not exploit the revenue-recycling effect in the order of around $30 billion a year.  In addition, as shown by Parry et al. (1999), the decision whether to auction or freely allocate emissions allowances – that is, whether or not to exploit the revenue-recycling effect – can determine whether an emissions allowance program, scaled to generate allowance prices equal to estimated marginal damages from emissions, in fact produces net efficiency gains.


Fiscal interactions also have important implications for the choice between emissions pricing instruments and other environmental policies.  Technology mandates and performance standards, like freely allocated emissions permits, do not raise revenues for the government. However, the tax-interaction effect for these policies is often smaller than that for emissions taxes and emission permits, for a given pollution reduction. This is because they may have a weaker impact on product prices, as they do not charge firms for their remaining emissions.  In fact, at least in a homogeneous firm setting, the superiority of (freely allocated) permit systems over technology mandates and performance standards on cost-effectiveness grounds could be overturned because of the greater tax-interaction effect under the market-based policy (Goulder et al. (1999)).
  

c.  Uncertainty and Policy Flexibility


Policy makers can never perfectly predict the outcome of environmental policies.  Uncertainties are unavoidable.  Yet the nature of the uncertainties differs with different instruments, and this is relevant to instrument choice.

Uncertainty about Emissions Prices and Quantities


Under emissions taxes, the price of emissions (the tax rate) is established at the outset.  What is uncertain is the aggregate emissions quantity that will result after firms respond to the tax.  In contrast, under emissions allowance systems, the aggregate emissions quantity is established at the outset by the quantity of allowances introduced into the market, while the emissions price to be determined by the market is uncertain ex ante.  Opinions differ as to which uncertainty is the greater evil.  


To reduce some of the price uncertainty emissions allowance systems, some have proposed augmenting such systems with provisions for an allowance price ceiling or price floor.  The idea of establishing a price ceiling has gained considerable attention in discussions of climate change policy.  Here a cap-and-trade program is combined with a “safety valve” to enforce a pre-established ceiling price.  Under this policy, if the allowance price reaches the ceiling price, the regulator is authorized to sell whatever additional allowances must be introduced into the market to prevent allowance prices from rising further.
  Note that while the safety valve reduces price uncertainty, it introduces uncertainty about aggregate emissions.  


Once a safety valve is engaged, the pollution policy becomes equivalent at the margin to an emissions tax.  The distinctions between emissions tax and emission allowance policies diminish once one considers potential enlargements to emissions allowance policies such as the safety valve.  


Potential price volatility of allowance systems can be reduced by allowing firms to bank permits to future compliance periods when current allowance prices are considered unusually low, and to run down previously banked permits, or to borrow permits, when current allowance prices are considered exceptionally high. 


Similarly, it is possible to enforce a price floor by authorizing the regulator to purchase (withdraw from the market) allowances once the allowance price falls to the pre-established floor price.


Other instruments involve uncertainties about emissions prices, quantities, or both.  Like an emissions tax, a tax on a good associated with emissions (for example, a gasoline tax) leaves uncertain the quantity of emissions.  Direct regulatory policies leave uncertain the amount to which aggregate emissions will be reduced, although they may indicate limits on emissions at the facility or firm level.  Performance standards, for example, make clear at the outset what the maximum emissions or emissions intensity will be for the facility in question.  Direct regulatory policies also involve uncertainties as to the effective price of emissions; that is, the shadow price of emissions implied by the regulations.

Uncertainty and Expected Policy Errors


Maximizing the efficiency gains from pollution control requires that marginal damages from emissions (or marginal benefits from emissions reductions) equal society’s (each firm’s) marginal costs of emissions reductions.  A regulator aiming to maximize efficiency gains will not have perfect information as to the schedules for marginal damages or costs.


In a static setting with perfectly elastic marginal damages and uncertainty over future (marginal) abatement costs, expected net benefits are maximized under a Pigouvian emissions tax.
  The tax automatically equates marginal damages to marginal abatement costs, regardless of the actual location of the marginal abatement cost schedule.  In contrast, with an aggregate emissions cap set to equate marginal damages with expected marginal abatement costs, abatement will be too high if marginal abatement costs turn out to be greater than expected or too low if marginal abatement costs are lower than expected.  At the other extreme, with perfectly inelastic marginal damages, expected net benefits are maximized under the appropriately scaled permit system.  For intermediate cases, either the tax or the permit system could offer higher net benefits, depending on whether the marginal damage curve is flatter or steeper than the marginal abatement cost curve (Weitzman (1974).
 

These results carry over to a dynamic context, where environmental damage depends on the accumulated stock of pollution.  In the climate policy context, theoretical and empirical work suggests that, within the relevant range, the marginal damage schedule for carbon dioxide emissions is relatively flat, and that the expected net benefits from emissions taxes may greatly exceed those from equivalently-scaled permit systems (Kolstad (1996), Pizer (2002), Newell and Pizer (2003)).  Karp and Zhang (2005) show that the welfare discrepancy between taxes and permits is less pronounced if cost shocks persist over time and the emissions cap can be adjusted in response to those shocks.

Uncertainty and Policy Flexibility

The analyses we have just discussed do not consider differences across instruments in the speed at which they can adjust to new information.  Yet the seriousness of policy errors also depends on how quickly an instrument (a tax rate, or an aggregate emissions cap) can be adjusted in response to such information.  It is difficult to arrive at general statements as to the relative adaptability of the various instruments we have considered.  This seems to depend importantly on institutional and political issues and may differ across various settings.

However, an emissions allowance system might have an advantage in terms of flexibility if it includes provisions allowing for the banking and borrowing of allowances.  Regulators usually announce the aggregate number of allowances to be issued for a certain number of periods into the future.  This leaves uncertain the policy stringency – that is, the number of allowances to be issued – beyond the last period announced.  Yet if firms are allowed to borrow and bank allowances, the current allowance market can adjust quickly in response to changes in information about future stringency.  Suppose, for example, that future scientific evidence revealed that the planet was warming faster than initially projected.  In response to this new information, speculators would revise upwards their expectations as to the future stringency of carbon emissions caps, and by arbitrage the entire time-profile of emissions allowance prices would immediately shift upwards.  This flexibility might give an emissions allowance system an advantage over an emission tax, since it could take years to get a change in emissions tax rates enacted in response to new scientific information, leaving a sub-optimal price on emissions during this period of policy stickiness. 

d.  Distributional Impacts and Compensation 


The distributional impacts of alternative environmental policies can be considered along numerous dimensions – for example, across regions, ethnic groups, or generations.  Here we focus on two dimensions that have received perhaps the most attention in policy discussions:  the distribution between owners of polluting or energy-intensive industries and other members of society (consumers, taxpayers, workers), and the distribution across households of different incomes.  These distributional impacts have important implications not only for fairness or distributive justice but also for political feasibility.

Impacts on the Distribution between Owners of Polluting Enterprises and Other Economic Actors


Since the combustion of fuels is a major contributor to pollution, an important issue is the burden that pollution control policies might pose for industries supplying these fuels as well as industries (such as electricity and metals production) that use these fuels intensively.  Different instruments can have very different impacts on capital owners in these industries.  In addition, the same instrument can have differing impacts depending on specific design features.


Cap-and-Trade Systems


Consider first the impacts of a cap-and-trade system.  As discussed in Section 2, for a given quantity of allowances, free allocation leads to the same allowance prices and output price increases as does auctioning of allowances.
  However, the nature of the initial allocation can make a huge difference to the distribution of the burden from regulation.  Figure 1 illustrates changes in producer and consumer surplus from such a system imposed on a competitive polluting industry. With no emissions policy, price and output would be p0 and X0 respectively, given by the equilibrium of the original supply and supply curves S0 and D. With the introduction of a cap-and-trade system covering emissions from this industry, firms incur costs of c per unit of output from induced changes in their input mix and/or adoption of end-of-pipe treatment.  And the cost per unit of remaining emissions – the allowance price multiplied by emissions per unit of output – is r.  Thus, the policy and drives a wedge of c+r between the consumer price pC and the producer price pS.  This implies the new supply curve S1 and reduces output to X1.


If the allowances are introduced through a competitive auction, the policy will generate no rents:  they are bid away through competitive bidding for allowances.  In this case, the loss of producer surplus is trapezoid  p0 bdpS, while the loss of consumer surplus is pC abp0.  The rectangular area  pC aef  represents the revenue that the government would receive from the allowance auction.  These revenues can benefit taxpayers to the extent that they reduce the government’s reliance on other taxes.  Alternatively, the revenues pC aef  could be used to pay for additional public spending, in which case the individuals would benefit from the goods or services provided.


If the allowances are introduced through free allocation, the distribution of impacts between producers and taxpayers is fundamentally different.  In this case the rectangle   represents rents to producers rather than revenues to the government.  Whether these rents are sufficient to compensate firms for the costs of complying with the program depends critically on two factors.  The first is the elasticity of supply relative to the elasticity of demand:  the greater the relative elasticity of supply, the greater the pass-through of compliance costs into producer prices, or the smaller the initial loss of producer surplus.  The second is the extent of required abatement:  at low levels of abatement, permit rents pC aef  are large relative to compliance costs fedpS, and therefore rents are more likely to exceed the loss of producer surplus.
  


Studies of nitrogen oxide allowance trading under the U.S. Clean Air Act (Bovenberg et al. (2005)), and of potential carbon dioxide allowance trading in the United States (Bovenberg and Goulder (2001), Smith et al. (2002)), suggest that the rents from 100 percent free allocation would more than compensate firms for the costs they would otherwise face under these programs.  In fact, these studies show that a fairly small share of the allowances – generally less than 30 percent – need to be freely allocated in order to provide sufficient rents to prevent an overall decline in firm equity values.
  It should be noted, however, that both cases involve relatively modest emission reductions.  


These considerations suggest a trade-off between enhancing political feasibility – that is, avoiding imposing burdens on highly mobilized producer groups – and cost-effectiveness.  Free allocation comes at a cost relative to 100 percent auctioning:  lower auction revenues limit the extent to which the policy can exploit the revenue-recycling effect.  Since a relatively small share of allowances needed to be freely allocated to compensate firms in the above studies, the sacrifice in cost-effectiveness was fairly small, as the lion’s share of allowances could be auctioned.  In Bovenberg and Goulder (2001), for example, compensation raises policy costs by 7.5 percent relative to 100 percent (revenue-neutral) auctioning.  However, the sacrifice of cost-effectiveness could be large in some cases.  In particular, even 100 percent free allowance allocation may not be enough to compensate firms when the proportionate emissions reduction is very large (Bovenberg et al. (2005).
  


Other Policy Instruments

Free allowance allocation is not the only way to prevent profit losses to regulated firms.  Profits can also be preserved through an emissions tax system that provides inframarginal exemptions to the tax – that is, which applies the tax only after a certain level of emissions is exceeded.  Like an emissions allowance system with partial free allocation, this tax policy generates rents, where the rents increase with the scope of the exemptions.  Preserving profits may require that considerably less than 100 percent of baseline emissions be exempted from taxation. This policy does not meet the conditions for efficient firm entry and exit, however, since exemptions imply that some firm emissions are not priced, which lowers average production costs.


Besides permit systems with free allowance allocation, direct regulations might also be appealing to policymakers along this distributional dimension, as they may impose relatively moderate burdens on firms, given that they do not charge for remaining emissions.  As discussed in Section 1 above, the absence of a charge on remaining emissions implies a sacrifice of cost-effectiveness.  However, it may have some political appeal not only because of the lower burden to firms but also because they imply smaller consumer price increases.  


In reality, grandfathered permit systems, technology mandates and performance standards are all far more common than emissions taxes or fully auctioned permit systems, which suggests that owners of polluting facilities may have had a significant influence on the ultimate instrument choices.
  

Impacts on the Distribution across Household Income Groups


Fairness in the distribution of impacts across households is a major issue for many pollution control policies – particularly, those relating to energy industries – since low-income households tend to have larger budget shares for electricity, home heating fuels, gasoline, and other energy-intensive goods.
  Distributional burdens from emissions control policies can be measured using data on the consumption patterns of different income groups, and input/output tables to project the impact on final consumer goods prices from policy-induced increases in the price of electricity, fuels or other final and intermediate polluting goods.
 


The ultimate impacts of revenue-raising policies such as emissions taxes and auctioned emissions allowance systems depend on how the revenues are used.  Dinan and Rogers (2002) and Metcalf (2007) examine the recycling of revenues from carbon taxes or auctioned carbon allowances by way of tax-reductions favoring low-income groups (e.g., payroll tax rebates, higher income tax thresholds, lump-sum transfers).  These recycling schemes can help to achieve a fairer distributional burden, for example by imposing the same burden-to-income ratio across all income groups.  At the same time, they might not help some elderly or other non-working households; helping these other families may require targeted energy assistance programs.  


The choice between free allocation and auctioning of allowances also has implications for the distribution of impacts across income groups.  In particular, free allocation tends to further widen the disparity in the burden-to-income ratios between low- and high-income groups, since firms’ equity values will rise with the increase in producer surplus, which benefits shareholders who tend to be concentrated in upper-income groups (Dinan and Rogers (2002)).  In the energy sector, direct regulatory policies may have some appeal on distributional grounds, since they generate smaller price increases for energy fuels and services, which occupy a disproportionately large share of the budget of low-income households.

e. Summary


From the discussion in this section, it should be clear that a large number of dimensions are relevant to instrument choice, and that no single instrument is best along all dimensions.  Table 1 helps illustrate this point.  For example, tradable allowance systems with free allocation might perform relatively well in terms of political feasibility (column 4) but relatively poorly in terms of minimizing general equilibrium costs and achieving household equity (columns 3 and 5).  The opposite applies for (revenue-neutral) emissions taxes or auctioned allowances.  Direct regulatory policies have some appeal in terms of distribution (columns 4 and 5) but generally are less cost-effective along the lines indicated by columns 1-3.


The general type of instrument doesn’t always indicate the overall implications for cost, fairness, or political feasibility.  Specific design features often make a critical difference.  Emissions taxes and auctioned allowances may lose their key attractive properties if accompanying legislation does not require offsetting reductions in other taxes.  On the other hand, the political obstacles to these policies might be tempered by providing tax exemptions for some of the infra-marginal emissions, or by reserving a portion of allowances for free allocation. And the differences between emissions taxes and emission permits in the presence of abatement cost uncertainty can be blurred through provisions, like banking and borrowing, to limit permit price volatility.  Details matter.

4.  Technology Policies

The market failure that seems most central to environmental issues is the inability of the market to address externalities from pollution releases.  These include local health costs, damages to ecosystems and the services they provide, costs to terrestrial and marine wildlife (which is also a cost to humans insofar as humans care about such wildlife), and global damages such as climate change.  The instruments described thus far aim to incorporate these costs into production and consumption decisions.  


Additional market failures associated with clean technology development may compound environmental problems, and may provide an efficiency rationale for additional instruments beyond those already discussed.  In what follows, we examine potential rationales and instruments for promoting technology development.  We consider two general policy objectives:  advancing research and development (R&D) and promoting technology deployment. 
  

a.  R&D Policies


Several U.S. states have recently announced the goal of reducing greenhouse gas emissions by 80 percent below their 1990 levels by 2050.  Achieving this goal at reasonable cost would require more than substitution among known technological processes; it would necessitate major technological breakthroughs.  The emissions control policies previously discussed may be incapable of bringing about these breakthrough technologies because they provide invention incentives only indirectly – by emissions pricing or by raising the costs of polluting production methods through direct regulation.
  


Additional policies to promote clean technology R&D are justified on efficiency grounds to the extent that they address other market failures beyond the pollution externality.  One important failure stems from the inability of inventors or innovators to fully appropriate the returns from the knowledge they create.  In particular, other firms might be able to copy a technology developed by others, legally imitate it if the technology is under patent, or otherwise use knowledge about the technology to advance their own research programs.  In fact, numerous empirical studies suggest that the (marginal) social return to innovative activity in general might be several times the (marginal) private return (e.g., Griliches (1992), Mansfield (1985), Levin et al. (1988),  and Jones and Williams (1998)).

Because of this appropriability problem, incentives for clean technology R&D will be inefficiently low, even if pollution externalities are appropriately priced (Jaffee, Newell and Stavins (2003)). No single instrument can effectively correct market failures from both emissions externalities and the knowledge appropriability problem.  Indeed, as Fischer and Newell (2007) and Goulder and Schneider (1997) indicate in the climate policy context, attempting to achieve a given emissions reduction target through one instrument alone involves considerably higher costs than employing two complementary instruments.


The available literature does not single out any particular instrument as most effective in dealing with this problem.  The relative effectiveness of subsidies to private R&D, strengthened patent rules, and technology prizes depends on the severity of the appropriability problem, the extent of monopoly-pricing distortions under patents, and asymmetric information between governments and firms about expected research benefits and costs (e.g., Wright (1983)).  Also,  just how much or how fast we should be pushing technology development is difficult to gauge, given uncertainty about the likelihood that research will lead to viable technologies, and the potential for crowding out of other socially valuable research elsewhere in the economy (e.g., Nordhaus (2002), and Goulder and Schneider (1999)).  Basic government research and demonstration projects (like the FutureGen project to develop a coal-gasification plant with carbon capture and sequestration) can help to restore invention efforts to an efficient level. But it is difficult to quantify the efficient level of basic R&D funding toward such projects, though studies suggest that past federal spending on energy R&D investments to mitigate pollution and improve knowledge has, in many cases, yielded net benefits (NRC (2001)).   

b. Technology Deployment Polices


Once technologies have been successfully developed and are ready for commercialization, should their deployment be pushed by additional policy interventions? Again, further policy inducements are only warranted if there are additional market failures that impede the diffusion process.  In theory, there are several possibilities.


Appropriability issues could arise in connection with the deployment of new technologies.  Specifically, early adopters of a new technology (e.g., cellulosic ethanol production plants) could lower production costs for the new technology over time through learning-by-doing.  This would confer external benefits to later adopters of the technology and justify some transitory assistance for adopting the new technology.  The potential for deployment-related spillovers of knowledge is likely to differ greatly depending on the product involved, and thus policies need to be evaluated on a case-by-case basis.


Another potential market failure relates to consumer valuations of energy-efficiency improvements.  Some analysts argue that consumers systematically undervalue such improvements.  Possible evidence for this is the tendency of consumers to require very short payback periods for durable energy-using equipment -- in effect, to apply discount rates significantly above what might be considered the social rate of discount.  Greene (1998) invokes these problems in claiming that there is a role for energy efficiency appliance standards or automobile fuel economy regulations, as a complement to emission pricing instruments.  This issue has long been contentious.  Stipulating this as a market failure either requires specifying a social discount rate lower than the rate implicitly employed by consumers
, or establishing that consumers act irrationally in the sense that requiring them to place a higher value on energy-efficiency would make them happier.  Solid empirical research is badly needed to sort out whether there is a significant additional market failure of this sort and therefore whether additional government incentives have an efficiency justification.

Lack of information by consumers could also cause consumers to undervalue improvements in energy-efficiency.  Note that this could also lead consumers to overvalue such improvements.  As pointed out by Jaffe and Stavins (1994), no matter whether consumers over- or undervalue such improvements, the market only “fails” if the costs of providing additional useful information fall short of the benefits.  If the market does fail, the most efficient way to address this market failure is to subsidize or require the provision of better information to the consumer.  An example of such a policy is the requirement that auto dealers post certified fuel economy stickers on vehicles.

c.  Summary


In sum, there are strong arguments for invoking technology-advancement policies in addition to instruments whose main purpose is curbing emissions or effluent.  Multiple market failures justify multiple instruments.  Most agree that additional policies are warranted to support basic and applied research, development, and demonstration projects at government, university, and private institutions.  However, the justification for policies to promote technology deployment is more controversial.  Whether such policies are warranted seems to depend on specific industries or processes involved.  It also depends on assumptions about consumer behavior that deserve further empirical testing.

5.  Further Issues in Instrument Choice

We now consider three additional issues relevant to instrument choice:  the existence of multiple, closely-connected externalities; the potential for interactions among policy instruments; and the possibility of linking instruments across jurisdictions.

a.  Multiple Externalities


One potential attraction of electricity taxes, gasoline taxes, and some other taxes on goods related to emissions is that they may reduce demands for goods whose production or consumption involves multiple externalities.  For example, by reducing gasoline consumption a gasoline tax helps deal with a range of externalities including local pollution and global climate change impacts from tailpipe emissions, congestion costs, and external accident costs (which arise to the extent that insurance does not fully internalize accident risk per mile of driving).  Thus one tax could accomplish several goals.  Apart from administrative considerations, the most cost-effective approach is to introduce multiple taxes – each one associated with a different externality.  Each tax would be set based on the marginal external cost of a different externality, which would yield appropriate incentives to deal with each of the various problems (emissions, congestion, etc.) involved.  As suggested earlier, however, administrative considerations such as potential costs of monitoring can weigh in favor of taxing the good related to emissions, rather than each of the various emissions types or externalities.

b.  Interactions across Instruments


Instruments interact.  Hence the potential benefits from introducing a new instrument can depend on what other instruments are already in place.  Existing instruments can enhance the new instrument’s effectiveness or compromise it.  


The potential for adverse interactions can be great when instruments cover overlapping jurisdictions.  In this connection, Goulder, Jacobsen, and Sin (2007) show that the beneficial effects of a potential California program to improve fuel-economy of automobiles sold in the state can be severely compromised because of interactions with existing Federal fuel-economy standards.  To the extent that the California program encourages a car manufacturer to sell more fuel-efficient (usually small) cars and fewer fuel-inefficient (usually large) cars within the state, it relaxes the fuel economy constraint on that manufacturer posed by the national standards.  Manufacturers respond to this change by increasing sales of fuel-inefficient cars outside of California.  As a result, the California program leads to substantial “leakage,” as a large share of the reduced demand for gasoline brought about in California is offset by increased gasoline demands outside of the state.  Thus, interactions with the existing Federal program substantially reduce the cost-effectiveness of the California effort.


In this example, the adverse interaction is due to policy redundancy and overlapping jurisdictions.  But adverse interactions are not confined to situations of this sort:  they occur among policies introduced within a single jurisdictional boundary as well.  Decision makers should take note of potential interactions in considering new initiatives.

c.  Overlapping Jurisdictions and Instrument Choice

Efficiency considerations indicate that the scope of an environmental regulator’s jurisdiction should be as broad as the environmental impacts from the facilities it regulates.  In the case of climate change, the pollutants (greenhouse gases) are global in the sense that emissions from a given source tend to disperse themselves uniformly worldwide and thereby affect climate throughout the globe.  Hence efficiency considerations would call for climate policy to be pursued at the global (that is, international) level.


Of course, politics does not always conform to the precepts of efficiency.  Regulations are often pursued by governments whose jurisdictional scope is much smaller than the environmental impacts from the facilities under its control.  This raises two issues highly relevant to instrument choice.


One is emissions leakage.  We already discussed how leakage can occur because of regulatory interactions.  Now we note that it also results from the absence of regulation (or the presence of a significantly weaker regulation) outside of the jurisdiction in question.  Under these conditions, to the extent that the new regulations raise production costs within the jurisdiction, they can cause producers of pollution to relocate outside of the jurisdictional boundary.  In addition, the new regulations can cause a shift in consumption toward goods and services produced outside of the boundary (which presumably might have a cost-advantage relative to sources produces within the boundary).  Any environmental regulation – whether involving incentive-based regulations or direct regulatory instruments – can generate leakage.  However, not all instruments address leakage equally well.  In this connection, Bushnell et al. (2007) argue that performance standards – in particular, renewable performance standards -- may be superior to cap-and-trade in preventing leakage in the electricity sector. 


As second important issue is policy linkage.  If political constraints force environmental policies to be made by governments whose jurisdictions are narrower than what efficiency would recommend, the situation can be improved through linkages across the “local” programs.  This is especially significant in the context of climate change, where the ideal jurisdictional level is global.  In the absence of a comprehensive international effort, cost-effectiveness can be enhanced to the extent that cap-and-trade systems of various governments are linked.  This leads to a broader market and expands the gains from trade.  (The establishment of a common carbon tax across jurisdictions would also enhance cost-effectiveness.)


This has implications for instrument choice.  Other things equal, when a state initiates a climate policy, there will be some attraction to introducing instruments that mesh with those of other states and allow for linkages.  Thus, in the U.S., the fact that 11 <check> Northeastern states have already committed themselves to a joint cap-and-trade system (the Regional Greenhouse Gas Initiative) increases the attractiveness of cap and trade to other states considering introducing their climate policies, since this offers linkage possibilities.  Linkage broadens “local” efforts, thereby improving cost-effectiveness.


The attractions of linkage imply a kind of path-dependence.  The attraction of a given instrument to one government depends at least in part on what particular instruments have already been selected by other governments.  Mimicry is especially beneficial if the original initiatives involved a good choice of instruments; but less so if the first actors’ programs were ill-conceived.  

6.  Conclusions


Environmental economists should take pride in the substantial body of analysis on instrument choice that has been developed since the work of the “founding fathers” in the 1960s (e.g., Kneese and Bower 1968).  Beyond providing insights as to the implications of existing regulatory approaches, environmental economists have helped devise new instruments as well.  Their analyses have had a significant and growing impact on public policy.  Notwithstanding our claim that no single instrument is superior to all others in all contexts, these analyses have made a strong case for the wider use of flexible, incentive-based policies, and they have helped bring about the implementation for these policies.  Moreover, many of the insights regarding environmental policy instruments are relevant to instrument choice or policy design in other areas including forestry and fishery policy, substance abuse policy, agricultural policy, transportation policy, and health policy.


Despite these significant achievements, significant challenges remain.  Discussions of alternative instrument choices often leave something to be desired.  Too often, analyses ignore administrative, legal, or institutional issues relevant to policy costs, or focus exclusively on cost-effectiveness.  As emphasized above, a broad range of criteria deserve consideration, and the implications of these criteria for instrument choice will differ not only across different policy applications but also with the stringency of policy intervention within a given application.  


In addition to limitations in some analyses, there is the problem of government failure.  Regulations are sometimes introduced when there is no clear market failure (e.g. farm supports), or they are not introduced when a large market failure (or externality) exists (e.g., traffic congestion).  Sometimes instruments are introduced that are clearly inefficient (ethanol mandates) or that conflict with other instruments already in place (<example?>).  Surely economists should not be expected to eliminate all imperfections in the political process; after all, they are economists, not political scientists.  However, they can help overcome political barriers by devising new policy approaches or instruments that do a better job reconciling cost-effectiveness and distributional goals (and, in particular, avoid imposing large burdens on highly mobilized stakeholders).  They can also improve the prospects for sound policy by communicating their insights more effectively to the broader policy community.  There remains a large gap between what economists know about instrument choice and what is understood by decision makers.
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� Judging alternative instruments in terms of cost-effectiveness alone, for example, is difficult, since a comprehensive assessment of cost would include not only the negative impacts on the regulated entity but also the costs of monitoring and enforcing the policy in question.  It would also include general equilibrium impacts outside of the sector targeted for regulation.


� See, for example, Keohane, Revesz, and Stavins � ADDIN EN.CITE <EndNote><Cite><Author>Keohane</Author><Year>1998</Year><RecNum>171</RecNum><record><rec-number>171</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Keohane, Nathaniel O.</author><author>Revesz, Richard L.</author><author>Stavins, Robert N.</author></authors></contributors><titles><title>The Choice of Regulatory Instrumetns in Environmental Policy</title><secondary-title>Harvard Environmental Law Review</secondary-title></titles><pages>313-367</pages><volume>22</volume><number>2</number><dates><year>1998</year></dates><urls></urls></record></Cite></EndNote>�(1998)� for a more in-depth discussion of the (positive) political economy of environmental regulation.  <need additional refs here>





� Hepburn � ADDIN EN.CITE <EndNote><Cite><Author>Hepburn</Author><Year>2006</Year><RecNum>176</RecNum><record><rec-number>176</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Hepburn, Cameron</author></authors></contributors><titles><title>Regulating by Prices, Quantities, or Both:  An Update and an Overview</title><secondary-title>Oxford Review of Economic Policy</secondary-title></titles><periodical><full-title>Oxford Review of Economic Policy</full-title></periodical><pages>226-247</pages><volume>22</volume><dates><year>2006</year></dates><urls></urls></record></Cite></EndNote>�(2006)�, Nordhaus � ADDIN EN.CITE <EndNote><Cite><Author>Nordhaus</Author><Year>2007</Year><RecNum>183</RecNum><record><rec-number>183</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Nordhaus, William D.</author></authors></contributors><titles><title>To Tax or Not to Tax:  Alternative Approaches to Slowing Global Warming</title><secondary-title>Review of Economics and Policy</secondary-title></titles><periodical><full-title>Review of Economics and Policy</full-title></periodical><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>�(2007)�, and Tietenberg � ADDIN EN.CITE <EndNote><Cite><Author>Tietenberg</Author><Year>2006</Year><RecNum>185</RecNum><record><rec-number>185</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Tietenberg, Tom</author></authors></contributors><titles><title>Emissions Trading:  Principles and Practice</title></titles><edition>Second Edition</edition><dates><year>2006</year></dates><pub-location>Washington, D.C.</pub-location><publisher>Resources for the Future</publisher><urls></urls></record></Cite></EndNote>�(2006)�, among others, provide insightful discussions of some general issues in instrument choice.  For discussions with more of an international focus, see, for example, Aldy and Stavins � ADDIN EN.CITE <EndNote><Cite><Author>Aldy</Author><Year>2007</Year><RecNum>195</RecNum><record><rec-number>195</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Aldy, Joseph E.</author><author>Stavins, Robert N.</author></authors></contributors><titles><title>Architectures for Agreement:  Addressing Global Climate Change in the Post-Kyoto World</title></titles><dates><year>2007</year></dates><pub-location>Cambridge, UK</pub-location><publisher>Cambridge University Press</publisher><urls></urls></record></Cite></EndNote>�(2007)� and Nordhaus � ADDIN EN.CITE <EndNote><Cite><Author>Nordhaus</Author><Year>2007</Year><RecNum>183</RecNum><record><rec-number>183</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Nordhaus, William D.</author></authors></contributors><titles><title>To Tax or Not to Tax:  Alternative Approaches to Slowing Global Warming</title><secondary-title>Review of Economics and Policy</secondary-title></titles><periodical><full-title>Review of Economics and Policy</full-title></periodical><dates><year>2007</year></dates><urls></urls></record></Cite></EndNote>�(2007)�.


� We prefer the term “direct regulatory instruments” to the term “command-and-control” instruments, which has a somewhat negative connotation.





� As discussed below, certain types of performance standards can also be viewed as technology-promoting policies.





� This holds even when competitive supply curves are upward sloping and firms cannot pass through all the costs of regulation.  In such cases, the emissions price policy causes the producer (net) price to fall.  However, the consumer price still exceeds the new producer price by an amount corresponding to the price of emissions.





� This assumes that eligibility for the subsidy depends on whether the firm remains in business.  If the subsidy were fully lump-sum (unconnected with anything other than the reduction in emissions), then it would not affect the firms’ average costs and would not lead to excess entry.  See Baumol and Oates � ADDIN EN.CITE <EndNote><Cite><Author>Baumol</Author><Year>1988</Year><RecNum>196</RecNum><record><rec-number>196</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Baumol, William J.</author><author>Oates, Wallace E.</author></authors></contributors><titles><title>The Theory of Environmental Policy</title></titles><edition>Second Edition</edition><dates><year>1988</year></dates><pub-location>Cambridge, Mass.</pub-location><publisher>Cambridge University Press</publisher><urls></urls></record></Cite></EndNote>�(1988)� for a discussion.





� Note that a higher subsidy rate exacerbates the problem of excess entry.  As a result, it is possible that, within a range, a higher subsidy rate will lead to higher aggregate emissions. See Baumol and Oates � ADDIN EN.CITE <EndNote><Cite><Author>Baumol</Author><Year>1988</Year><RecNum>196</RecNum><record><rec-number>196</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Baumol, William J.</author><author>Oates, Wallace E.</author></authors></contributors><titles><title>The Theory of Environmental Policy</title></titles><edition>Second Edition</edition><dates><year>1988</year></dates><pub-location>Cambridge, Mass.</pub-location><publisher>Cambridge University Press</publisher><urls></urls></record></Cite></EndNote>�(1988)�.





� For example, it may be a lot less costly for firms that are currently upgrading or constructing new plants to incorporate a new abatement technology than for firms that must retrofit older plants that are not readily compatible with the newly mandated technology.  According to Deutsch and Moniz � ADDIN EN.CITE <EndNote><Cite><Author>Deutsch</Author><Year>2007</Year><RecNum>197</RecNum><record><rec-number>197</rec-number><ref-type name="Book">6</ref-type><contributors><authors><author>Deutsch, John</author><author>Moniz, Ernest J.</author></authors></contributors><titles><title>The Future of Coal:  Options for a Carbon-Constrained World</title></titles><dates><year>2007</year></dates><pub-location>Cambridge, Mass.</pub-location><publisher>MIT Press</publisher><urls></urls></record></Cite></EndNote>�(2007)�, the cost of retrofitting existing coal plants with carbon capture and storage capabilities would greatly exceed that from configuring the technology into the future design and construction of coal plants.





� A subsidy to encourage widespread adoption of a specific control technology may be even less cost-effective than a mandate to adopt this technology, because the subsidy lowers average production costs below the level under the mandate.  This implies higher output than under the technology mandate and an associated loss of cost-effectiveness.





� For further discussion of the differences between technology mandates and emissions pricing and their implications for cost-effectiveness, see for example Spulber � ADDIN EN.CITE <EndNote><Cite><Author>Spulber</Author><Year>1985</Year><RecNum>207</RecNum><record><rec-number>207</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Spulber, Daniel F.</author></authors></contributors><titles><title>Effluent Regulation and Long-Run Optimality</title><secondary-title>Journal of Environmental Economics and Management</secondary-title></titles><periodical><full-title>Journal of Environmental Economics and Management</full-title></periodical><pages>103-116</pages><volume>12</volume><dates><year>1985</year></dates><urls></urls></record></Cite></EndNote>�(1985)� and Goulder et al. � ADDIN EN.CITE <EndNote><Cite><Author>Goulder</Author><Year>1999</Year><RecNum>34</RecNum><record><rec-number>34</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Goulder, Lawrence H.</author><author>Ian W. H. Parry</author><author>Roberton C. Williams III</author><author>Dallas Burtraw</author></authors></contributors><titles><title>The Cost-Effectiveness of Alternative Instruments for Environmental Protection in a Second-best Setting</title><secondary-title>Journal of Public Economics</secondary-title></titles><periodical><full-title>Journal of Public Economics</full-title></periodical><pages>329-360</pages><volume>72</volume><number>3</number><dates><year>1999</year></dates><urls></urls></record></Cite></EndNote>�(1999)�.





� California has recently introduced a “low carbon fuel standard,” which requires refiners to include a certain minimal percentage of “low carbon” fuel in the motor fuel they sell.  At present the only viable option for meeting this standard is blending more ethanol with gasoline.


� The dominance of the tax interaction effect has been demonstrated in a range of models.  For example, Bovenberg and de Mooij � ADDIN EN.CITE <EndNote><Cite><Author>Bovenberg</Author><Year>1994</Year><RecNum>13</RecNum><record><rec-number>13</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Bovenberg, A. Lans</author><author>de Mooij, Ruud</author></authors></contributors><titles><title>Environmental Taxation and Labor Market Distortions</title><secondary-title>European Journal of Pooitical Economy</secondary-title></titles><pages>655-83</pages><volume>10</volume><number>4</number><dates><year>1994</year></dates><urls></urls></record></Cite></EndNote>�(1994)� consider a tax on a good related to pollution, where this good is an average substitute for leisure, and environmental damages are separable in the household utility function. Even when pollution tax revenues are recycled in labor tax reductions, the net effect of the tax swap is to reduce labor supply, implying that the tax-interaction effect dominates the revenue-recycling effect.  See Bovenberg and Goulder � ADDIN EN.CITE <EndNote><Cite><Author>Bovenberg</Author><Year>2002</Year><RecNum>20</RecNum><record><rec-number>20</rec-number><ref-type name="Book Section">5</ref-type><contributors><authors><author>Bovenberg, A. Lans</author><author>Lawrence H. Goulder</author></authors><secondary-authors><author>A. Auerbach</author><author>M. Feldstein</author></secondary-authors></contributors><titles><title>Environmental Taxation and Regulation</title><secondary-title>Handbook of Public Economics</secondary-title></titles><volume>3</volume><dates><year>2002</year></dates><pub-location>New York</pub-location><publisher>North Holland</publisher><urls></urls></record></Cite></EndNote>�(2002)� for a general review of the environmental tax shift literature.  The revenue-recycling effect can dominate the tax-interaction effect if the polluting good is a weak enough substitute for leisure, or possibly if reducing an externality has a positive feedback effect on labor supply.  It can also dominate if the tax shift serves to reduce other distortions from pre-existing taxes, such as distortions that arise from inefficient relative taxation of capital and labor (Bovenberg and Goulder � ADDIN EN.CITE <EndNote><Cite><Author>Bovenberg</Author><Year>1997</Year><RecNum>19</RecNum><record><rec-number>19</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Bovenberg, A. Lans</author><author>Goulder, Lawrence H.</author></authors></contributors><titles><title>Costs of Environmentally Motivated Taxes in the Presence of Other Taxes:  General Equilibrium Analyses</title><secondary-title>National Tax Journal</secondary-title></titles><periodical><full-title>National Tax Journal</full-title></periodical><pages>59-87</pages><volume>L</volume><number>1 (March)</number><dates><year>1997</year><pub-dates><date> </date></pub-dates></dates><urls></urls></record></Cite></EndNote>�(1997)�) or from tax-deductible consumption expenditure (Parry and Bento � ADDIN EN.CITE <EndNote><Cite><Author>Parry</Author><Year>2000</Year><RecNum>111</RecNum><record><rec-number>111</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Parry, Ian W. H. and Antonio M. Bento</author></authors></contributors><titles><title>Tax Deductions, Environmental Policy, and the &apos;Double Dividend&apos; Hypothesis</title><secondary-title>Journal of Environmental Economics and Management</secondary-title></titles><periodical><full-title>Journal of Environmental Economics and Management</full-title></periodical><pages>67-96</pages><volume>39(1)</volume><dates><year>2000</year></dates><urls></urls></record></Cite></EndNote>�(2000)�). 





� One can consider an emissions allowance system as equivalent in scale to an emissions tax whose rate equals the market allowance price.  If the equivalent allowance system introduces the allowances through an auction, it should generate approximately the same revenue as the equivalently scaled emissions tax, and hence enjoy a comparable revenue-recycling effect.  Thus it should involve similar overall costs.  Likewise, a system of freely allocated emissions allowances would involve similar costs to an emissions tax system in which the tax revenues are returned to the private sector in a lump-sum fashion, as through fixed rebate checks.





� Subsidy policies obviously impose a cost in terms of the extra revenue needed from distortionary taxes to finance them (the inverse of the revenue-recycling effect). This can be partly counteracted by a beneficial tax-interaction effect if the policy lowers product prices – as would be the case, for example, with subsidies for clean fuels. But in the case of subsidies for pollution reductions, product prices actually increase as firms are effectively penalized for using inputs.  Here the tax-interaction effect flips sign and reinforces the costs of financing the subsidy (Parry � ADDIN EN.CITE <EndNote><Cite><Author>Parry</Author><Year>1997</Year><RecNum>112</RecNum><record><rec-number>112</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Parry, Ian W.H.</author></authors></contributors><titles><title>Environmental Taxes and Quotas in the Presence of Distorting Taxes in Factor Markets</title><secondary-title>Resource and Energy Economics</secondary-title></titles><periodical><full-title>Resource and Energy Economics</full-title></periodical><pages>203-20</pages><volume>19</volume><dates><year>1997</year></dates><urls></urls></record></Cite></EndNote>�(1997)�.  





� In the context of climate policy, Pizer � ADDIN EN.CITE <EndNote><Cite><Author>Pizer</Author><Year>2002</Year><RecNum>228</RecNum><record><rec-number>228</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Pizer, William A.</author></authors></contributors><titles><title>Combining Price and Quantity Controls to Mitigate Global Climate Change</title><secondary-title>Journal of Public Economics</secondary-title></titles><periodical><full-title>Journal of Public Economics</full-title></periodical><pages>409-434</pages><volume>85</volume><dates><year>2002</year></dates><urls></urls></record></Cite></EndNote>�(2002)� compared a pure emissions allowance policy, a global emissions tax, and an emissions allowance system in combination with a safety valve.  He found that efficiency gains are highest under the hybrid allowance/safety valve policy, where the ceiling price equals the marginal damage and the emissions cap is fairly tight so that the safety valve is triggered nearly all the time. For further discussion of the safety valve in the context of climate policy, see Burtraw et al. � ADDIN EN.CITE <EndNote><Cite><Author>Burtraw</Author><Year>2002</Year><RecNum>2</RecNum><record><rec-number>2</rec-number><ref-type name="Unpublished Work">34</ref-type><contributors><authors><author>Burtraw, Dallas, Karen Palmer, Ranjit Bharvirkar, and Anthony Paul</author></authors></contributors><titles><title>The Effect on Asset Values of the Allocation of Carbon Dioxide Emission Allowances</title><secondary-title>Discussion Paper 02-15</secondary-title></titles><dates><year>2002</year></dates><pub-location>Washington, D.C.</pub-location><publisher>Resources for the Future</publisher><urls></urls></record></Cite></EndNote>�(2002)�.





� This abstracts from the various cost complications discussed in Section 3.





� Uncertainty over the marginal damage curve may modify this result if marginal damages are correlated with marginal costs (Weitzman � ADDIN EN.CITE <EndNote><Cite><Author>Weitzman</Author><Year>1974</Year><RecNum>61</RecNum><record><rec-number>61</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Weitzman, Martin L.</author></authors></contributors><titles><title>Prices vs. Quantities</title><secondary-title>Review of Economic Studies</secondary-title></titles><pages>477-491</pages><volume>41</volume><dates><year>1974</year></dates><urls></urls></record></Cite></EndNote>�(1974)�, Stavins � ADDIN EN.CITE <EndNote><Cite><Author>Stavins</Author><Year>1996</Year><RecNum>211</RecNum><record><rec-number>211</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Stavins, Robert N.</author></authors></contributors><titles><title>Correlated Uncertainty and Policy Instrument Choice</title><secondary-title>Journal of Environmental Economics and Management</secondary-title></titles><periodical><full-title>Journal of Environmental Economics and Management</full-title></periodical><pages>218-232</pages><volume>30</volume><dates><year>1996</year></dates><urls></urls></record></Cite></EndNote>�(1996)�.





� Pricing rules applying to regulated electric utilities can give rise to an exception to this point.  See Burtraw et al.  � ADDIN EN.CITE <EndNote><Cite><Author>Burtraw</Author><Year>2006</Year><RecNum>227</RecNum><record><rec-number>227</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Burtraw, Dallas</author><author>Kahn, Danny</author><author>Palmer, Karen</author></authors></contributors><titles><title><style face="normal" font="default" size="100%">CO</style><style face="subscript" font="default" size="100%">2</style><style face="normal" font="default" size="100%"> Allowance Allocation in the Regional Greenhouse Gas Initiative and the Effect on Electricity Investors</style></title><secondary-title>The Electricity Journal</secondary-title></titles><periodical><full-title>The Electricity Journal</full-title></periodical><volume>, March</volume><dates><year>2006</year></dates><urls></urls></record></Cite></EndNote>�(2006)�. 


� Note that pCaef corresponds to a triangle under the marginal abatement cost schedule for the industry with base equal to the reduction in emissions and height equal to the allowance price, while area fedpS corresponds to a rectangle under the marginal abatement cost schedule with base equal to remaining emissions and height equal to the allowance price.





�  In the first phase of the European Union’s emissions trading program, over 95 percent of the allowances were given away for free.  In keeping with the analysis above, this generated windfall profits to many of the regulated firms.  Partly in reaction to this result, there has been a distinct shift towards greater emphasis on the auctioning of allowances in the recently established Regional Greenhouse Gas Initiative in the northeast U.S. and in various climate bills recently introduced in the U.S. Congress.  





� Ideally, industry compensation would be progressively phased out over time. This avoids potential difficulties in re-allocating the share of the allowance cap going to different firms, as different firms expand and contract in the future.  For example, Stavins � ADDIN EN.CITE <EndNote><Cite><Author>Stavins</Author><Year>2007</Year><RecNum>209</RecNum><record><rec-number>209</rec-number><ref-type name="Unpublished Work">34</ref-type><contributors><authors><author>Stavins, Robert N.</author></authors></contributors><titles><title>A US Cap-and-Trade System to Address Global Climate Change</title><secondary-title>Discussion paper 2007-13, The Hamilton Project</secondary-title></titles><dates><year>2007</year></dates><pub-location>Washington, DC</pub-location><publisher>The Brookings Institution</publisher><urls></urls></record></Cite></EndNote>�(2007)� recommends an initial free allocation of half the allowances in a carbon cap-and-trade system, transitioning to full allowance auctions over a 25-year period.  This is roughly equivalent in present value terms to granting producers 15-20 percent of allowances in perpetuity.





� Existing U.S. programs include the  sulfur dioxide and nitrogen oxide emissions trading in the Los Angeles region under the Regional Clean Air Incentives Market (RECLAIM) and in the Northeast and Midwest under Title IV of the U.S. Clean Air Act.





� Household incidence also depends on the distribution of pollution reduction benefits, which depends on the exposure of different income groups to pollution and how those groups value environmental risks. However, for a given reduction in pollution, the distribution of benefits is de-coupled from the choice of emissions control instrument.





� However, a sticking point is obtaining a satisfactory measure of household income. Economists generally prefer a measure of lifetime or “permanent” income as this better reflects households’ long-run consumption possibilities, though obtaining a reliable measure is difficult when households are constrained in their ability to borrow against expected future earnings. Studies using lifetime income measures generally find that the distribution burden of environmental policies is less regressive than studies that use annual income; that is, the disparity in burden to income ratio between low- and high-income households is reduced.





� The table’s columns only consider a subset of the dimensions discussed above.  Other dimensions – the ease of monitoring and enforcement and the ability to minimize expected policy errors under uncertainty – are also very important, but as discussed above the extent to which a given instrument enjoys these attributes will depend on the specific circumstances involved.





� For general discussions of policies to simultaneously address pollution and technology market failures see, for example, Newell, Jaffe and Stavins � ADDIN EN.CITE <EndNote><Cite><Author>Newell</Author><Year>2003</Year><RecNum>215</RecNum><record><rec-number>215</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Newell, Richard G.</author><author>Jaffe, Adam B.</author><author>Stavins, Robert N.</author></authors></contributors><titles></titles><dates><year>2003</year></dates><urls></urls></record></Cite></EndNote>�(2003)� and Parry � ADDIN EN.CITE <EndNote><Cite><Author>Parry</Author><Year>2003</Year><RecNum>204</RecNum><record><rec-number>204</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Parry, Ian W. H.</author></authors></contributors><titles><title>On the Implications of Technological Innovation for Environmental Policy</title><secondary-title>Environment and Development Economics</secondary-title></titles><periodical><full-title>Environment and Development Economics</full-title></periodical><pages>57-76</pages><volume>8</volume><dates><year>2003</year></dates><urls></urls></record></Cite></EndNote>�(2003)�. 





� An exception is provided by certain types of performance standards.  Such standards can provide significant incentives for invention of new technologies when they are set beyond what is feasible from currently known technologies.  Such performance standards are announced in advance of the time they must be met.





� On the other hand, a “common pool” problem can work toward excessive R&D.  This problem stems from the failure of a given firm to account for the fact that its own R&D reduces the likelihood that other firms will obtain innovation rents (Wright 1983).  In general, however, this problem appears to be dominated by the appropriability problem. 


	The problem of suboptimal innovation incentives may be especially severe for environmental technologies, as opposed to commercial technologies for which there is a natural market demand. For example, skepticism over whether the government can make a long-term commitment to emissions pricing, and the desirability of retaining policy discretion to respond to future learning about the severity of environmental threats, undermine the durable and substantial incentives needed for encouraging major investments in emissions-saving technologies.





� Imposing stiffer emissions prices than warranted by environmental externalities alone—instead of complementing Pigouvian pricing with tailored technology policies—is an inefficient way to promote innovation. Not only does this approach generate excessive short-term abatement but it also fails to differentiate among technologies that may face very different market impediments. For example, alternative automobile fuels and carbon capture and storage technologies might warrant relatively more support than other technologies, to the extent there are network externalities associated with the new pipeline infrastructure required to transport fuels to gas stations, or emissions to underground storage sites.





� Moreover, to the extent that learning-by-doing provides firm-specific benefits, rather than general benefits to other firms, innovation may occur too rapidly as firms attempt to gain prime-mover advantages at the expense of rival firms.





� Clearly many if not most economists support the idea that the social rate of discount is lower than the market rate of interest <cites>, which implies that, from the point of view of social welfare, consumers tend to discount the future too heavily in their choices of consumer durables or, more broadly, in their saving decisions.  This provides a rationale for government support of broad savings incentives rather than incentives focused only on saving in the form of purchases of energy-efficient durable goods. 





� Of course, if it is not possible to deal with each externality through an instrument that focuses on that externality, the choice among feasible instruments – a second-best choice – will depend on the ability of these instruments to deal with the externalities involved.  This seems particularly relevant to the choice between gasoline taxes and fuel-economy standards for automobiles.  Externalities that vary directly with the amount vehicles are driven – primarily congestion and traffic accidents – are large relative to externalities, such as CO2 emissions, that vary with the amount of fuel combusted, which in turn depends on both miles driven and fuel economy. Accounting for impacts on mileage-related externalities greatly strengthens the efficiency advantage of higher fuel taxes over fuel economy regulation, even though the main argument for these policies at present is to reduce CO2 emissions and oil dependence (see, for example, Kleit � ADDIN EN.CITE <EndNote><Cite><Author>Kleit</Author><Year>2004</Year><RecNum>220</RecNum><record><rec-number>220</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kleit, Andrew N.</author></authors></contributors><titles><title>Impacts of Long-Range Increases in the Corporate Average Fuel Economy (CAFE) Standard</title><secondary-title>Economic Inquiry</secondary-title></titles><periodical><full-title>Economic Inquiry</full-title></periodical><pages>279-294</pages><volume>42</volume><dates><year>2004</year></dates><urls></urls></record></Cite></EndNote>�(2004)�. This is because higher fuel taxes increase per mile fuel costs, which discourage driving and thereby reduce congestion and accident-related external costs.  In contrast, fuel economy regulations reduce per mile fuel costs, and this tends to promote more driving – a “rebound” effect.
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		Table 1:  Attributes of Alternative Emissions Control Instruments

						(1)				(2)				(3)				(4)				(5)

						promotion of lowest-cost combination of input choice, end-of-pipe treatment, and output reduction				equalizing of marginal emissions reduction costs across heterogeneous firms				minimization of general equilibrium costs from interactions with broader tax system				political attractiveness (low share of regulatory burden falling on emitters)				household equity (limiting disproportionate burden on low-income groups)

		Emissions Control Policies

		emissions tax (revenue-neutral)				*				*				*								*

		subsidy to emissions abatement								*

		tax on good associated with emissions								*				*

		tradable emissions allowances

		-- auctioned (revenue-neutral)				*				*				*								*

		-- freely allocated				*				*								*

		mandated abatement technology																*				*

		(non-tradable) performance standard																*				*

				Notes:

				1.  The asterisk indicates that a given instrument has an advantage along the dimension in question.  It does not mean that other instruments have no impact along that dimension.

				2.  Other potentially important considerations excluded from the table are:

				(1) ease of monitoring and enforcement

				(2) ability to minimize expected policy errors under uncertainty, and

				(3) ease of policy adjustment  (in terms of stringency, scope, etc.) in face of new information

				These dimensions are not included as column headings because the relative attractiveness of these instruments along these dimensions depends critically on the particular circumstances involved.
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Figure 1:   Burden of Allowance Program on Producers and Households
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