SECTION FOUR ENVIRONMENTAL POLICY ANALYSIS
The public policy problem arises when there is a discrepancy between the actual level of environmenta1 quality and the preferred level. How to change this state of affairs? Something has to be done to change the incentives people face on both the production and consumption sides of the system. The available public policy approaches for doing this are as follows:

Liability laws

Property rights

Moral suasion

Standards

Incentive-based policies

Taxes and subsidies

Transferable discharge permits.

In the chapters of this section we will discuss each of these policy approaches. But before that we must address briefly a prior question: What criteria do we use to evaluate alternative policies and identify the one best suited to any particular environmental problem? We consider a number of these criteria in the next chapter, then analyze in depth the specific policy approaches listed above.
Chapter 9 Criteria for Evaluating Policies

One way of thinking of different environmental policies is along a centralized/decentralized continuum. A centralized policy requires that some central administrative agency take the lead in determining what is to be done and how. A decentralized policy derives results from the interaction of many individual decision makers, each of whom is essentially making his or her own assessment of the situation. The classic case of a centralized system is that of environmenta1 standards, established and enforced by central authorities. At the other end of the spectrum are property-rights approaches, basic 1aws establish the initial distribution of rights, then individua1 decisions reallocate theses rights and determine what the effect will be on environmental quality. The significance of this difference will come out more as we discuss the specific criteria for evaluating policy, which are:

· Their ability to achieve efficient and cost-effective reductions in pollution.

· Their fairness.

· The incentives they offer to people to search for better solutions.

· Their enforceability.

· The extent to which they agree with certain moral precepts.

EFFICIENCY

By "efficiency" we mean the balance between abatement costs and damages. An efficient policy is one that moves us to, or near, the point (either of emissions or of ambient quality) where marginal abatement costs and marginal damages are equal. To discover where this point is we must know both costs and damages. In a centralized policy approach the burden is usually on an administrative agency to make this determination. In policies that rely on decentralized decisions information about costs and damages arises out of the interactions of the people involved.

It is often the case that we cannot effectively measure damages produced by environmental degradation. This pushes us back to the use of cost-effectiveness as a primary policy criterion. A policy is cost-effective if it produces the maximum environmental improvement possible for the resources being expended or, equivalently, it achieves a given amount of environmental improvement at the least possible cost. For a policy to be efficient it must be cost-effective, but not necessarily vice versa. A policy might be cost-effective even if it were aimed at the wrong target. Suppose we decided to clean up the St. Lawrence River, regardless of what the benefits are. We would still be interested in finding policies that did the job cost-effectively. But for a policy to be socially efficient, it must not only be cost-effective, it must also balance costs with benefits. To be efficient, the river-cleaning project must balance marginal benefits with marginal cleanup costs. 

The capability of a policy to achieve cost-effective emission reductions, besides yielding the maximum improvement for the resources spent, is also important for another reason. If programs are not cost-effective, the policymakers and administrators will be making decisions using an aggregate abatement cost function 1thigher than it needs to be, leading them to set less restrictive targets in terms of desired amounts of emission reductions. This is shown in Figure 9-1, for a case of SO2 emissions. With a cost-ineffective policy the perceived marginal abatement cost is the higher one, labelled MACl, whereas with a cost-effective approach marginal abatement costs would be MAC2. Thus, with the MD function as shown, the emissions level of pollution, whereas with a cost-effective program the efficient level would be a2. The real problem with having costs higher than they need to be is that we will be inclined to set our objectives too low in terms of the amount of emission reduction we seek.
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FIGURE 9 Mistaking the Efficient Emissions Level 

When Abatement Technologies Are Not Cost-Effective

Efficiency and cost-effectiveness are important because, although preserving: environmental resources is critically important, it is only one of the many desirable things that people seek. Advocates are usually convinced that their objectives are automatically worth the cost, but success depends on persuading large numbers of other people that environmental policies are efficiently designed. Thus, the resources devoted to environmental quality improvement ought to be spent in ways that will have the greatest impact. This is especially important in less developed economies, where people have fewer resources to put in environmental programs and can ill-afford policies that are not cost-effective and efficient. Cost-effectiveness also becomes an important issue in industrialized countries during times of recession or economic stagnation.

FAIRNESS

Fairness, or equity, is another important criterion for evaluating environmental policy (or any policy, for that matter). Equity is a matter of morality and the regard that relatively well-off people have for those less fortunate. In a sense it is also a concern for policy effectiveness, because policies may not be supported as enthusiastically in the political arena if they are thought to be inequitable. Having said this, however, we have to recognize that there is no agreement on how much weight we should put on the two objectives f efficiency and distribution. Consider the following hypothetical numbers, which might relate, for example, to the costs and benefits of several alternative approaches to air-pollution control in a given region.

Distribution of net benefits

Program   Total costs   Total benefits  Net benefits   Low income    High income 

A        50           100          50           25            25

  B        50           100          50           30            20

C        50           140          90           20            70

D        50           140          90           40            50

The first three columns show total costs, total benefits, and net benefits, respectively. Programs A and B have the same net benefits, but these are distributed more progressively in B than in A. We might agree that B is preferable to A because it has the same net benefits and "better" distributional effects. But compare Programs B and C. The net benefits of Program C are much higher than in B. Unfortunately, they are not distributed as progressively as those of B; in fact, they are distributed more toward higher-income people. If we had to choose between B and C, which should we pick? Some might argue that we should take B for distributional reasons, others might argue for C on overall efficiency grounds. Or compare Programs B and D. In this case, D has the advantage in overall efficiency, although, as in the case of C, more of the net benefits go to higher-income people. But here we also see that low-income people would be better off in absolute terms, though not relatively, with D than with B. On these grounds we might prefer D. 

It is an open question how much emphasis we should put on the distributional impacts of environmental policy compared to their other characteristics. On one side is the argument that environmental degradation is so pervasive that we should focus primarily on policies that are the most efficient, that give us the most impact for the resources spent. On the other is the position that we should avoid policies, even efficient ones, that have a strongly regressive impact. Whatever one feels about these distributional impacts, and it does depend on personal values to a great extent, we need to keep in mind that distributional considerations should have some weight in the selection of environmental policies. 

Equity considerations also loom large in the making of international environmental policy. Countries at different stages of development have different views on how the burdens of international pollution-control programs should be distributed. These views are driven by considerations of what seems fair in the light of the wide economic disparities around the globe. 

  It is usually very difficult to determine the ultimate distributional impacts of any environmental policy. Take, for example, the regulations of airborne emissions from electric power plants. These regulations will increase the costs of electricity, and it may not be too hard to estimate the effect on different income groups because we have pretty good data on electricity consumption by these groups (but suppose the item is something like apples, about which very little relative consumption information is available?). Of course, even here we would run into some difficulty, because consumers will engage in some amount of energy conservation to escape the effects of the higher price. On the benefit side, we have to know how much the regulation will change ambient conditions for people in different income groups, and this kin6Iinformation is very difficult to obtain.

The relative scarcity of information on the distributional impacts of environmental policies argues for putting more effort into finding out what they are. To date, benefit-cost analysis with measurement of the distributional effects of any policy is not a part of official federal government policy in Canada. Some provinces are moving in this direction with recently passed environmental impact assessment legislation. There is increasing pressure from environmenta1 groups and others to show how the total benefits and costs of a regulation are distributed among various income, ethnic, and racial groups within society. If this effort is pursued with vigour, we should be able over time to build up a body of resu1ts about efficiency-equity trade-offs in environmental policies.

INCENTIVES FOR IMPROVEMENTS

In studying environmental policy much of the focus normally gets cast on the performance of public officials, since they appear to be the source of that policy. We need to keep clearly in mind, however, that it is private parties, firms, and consumers whose decisions actually determine the range and extent of environmental impacts, and the incentives facing these private parties determine how and where these impacts will be reduced. Thus, a critically important criterion that must be used to evaluate any environmental policy is whether that policy provides a strong incentive for individuals and groups to find new, innovative ways of reducing their impacts on the ambient environment, that is, does it stimulate technological progress in this area. Does the policy place all the initiative and burden on public agencies, or does it provide incentives for private parties to devote their energies and creativities to finding new ways of reducing environmental impacts? When we look at these changes overtime, it is an issue of dynamic efficiency. 

We can miss the importance of this sometimes when we concentrate on the abatement cost and damage functions in our standard analysis. These show the efficient level of emissions according to the current functions, but over the longer run it is important that we try to shift the functions. It's especially important to try to shift downward the marginal abatement cost function, to make it cheaper to secure reductions in emissions, because this will justify higher levels of environmental quality. Technological change, flowing from programs of research and development (R&D), shifts the marginal abatement cost function downward. So do education and training, which allow people to work and solve problems more efficiently. So ultimately we: want to know whether, and how much, a particular environmental policy contains incentives, the better the policy, at least by this one criterion.

ENFORCEABILITY

Imposing regulations and ensuring that they are met requires resources of people, time, and institutions. There perhaps is a natural tendency among people to think that enacting a law automatically leads to the rectification of the problem to which it is addressed. It is unlikely that polluters will more or less automatically comply with whatever laws are enacted, even in countries that have relatively strong legal traditions and institutions. Policies have to be enforced through the monitoring of emissions or technologies used, negotiations with polluters about timetables for compliance, and the legal system used to address violations of a law. Unfortunately, there will always be people whose interests lie in not having environmental policies enforced. All these actions are the administrative costs that must be incurred with any policy. 

The reason for pursuing this is that policies differ in terms of how easy it is to enforce them. Some may require sophisticated technical measures to get reasonable enforcement, others may be enforceable at much lower cost. There is no sense in attempting a dazzling new policy approach if it is essentially impossible, or very cost1y, to enforce. We may be better off settling for a less perfect policy that is more easily enforceable. There are two main steps in enforcement: monitoring and sanctioning. Monitoring refers to measuring the performance of polluters in comparison to whatever requirements are set out in the relevant law. Sanctioning refers to the task of bringing to justice those whom monitoring has shown to be in violation of the 1aw. The objective of enforcement is to get people to comply with an applicable law. Thus, some amount of monitoring is normally essential; the only policy for which this does not hold is that of moral suasion. Monitoring polluting behaviour is far more complicated than, say, keeping track of the temperature. Nature doesn't really care, and so it won't willfully try to outwit and confound the monitoring process. But polluters, who are intelligent human beings and who may stand to lose money if environmental laws are vigorously enforced, can usually find many ways of frustrating the monitoring process. And the more sophisticated and complicated that process, the easier it may be for polluters to find ways of evading it. 

The other main part of enforcement is sanctioning polluters who are in violation of the law. This may sound like a simple step; if violators are found, we simply take them to court and levy the penalties specified in the relevant law. But things are much more complicated than this. Court cases take time and energy and resources. With many laws and many more violators, the burden on the legal system of trying to bring all violators to justice may be overwhelming. Violators are also reluctant participants; they may devote many resources to fighting the sanctions, turning the procedure into long, drawn-out, costly court battles. In many cases the data underlying the sanctions will be imperfect, leading to challenges and costly conflicts. To create a demonstration effect it may be desirable for authorities to sanction only a few of the most egregious violations, but this opens up the problem of trying to determine just which violators to single out. It is perhaps no wonder that in the real world many violators, especially first-time violators, are not sanctioned with the full penalties allowed by the law. Very often authorities try to achieve voluntary compliance and encourage violators to remedy the situation without penalty. 

There is a paradox built into the sanctioning process. One might think that the greater the potential sanctions—higher fines, long jail terms for violators, etc.—the more the law would deter violators. But the other side of the coin is that the higher the penalties the more reluctant courts may be to apply them. The threat to close down violators, or even to levy stiff financial penalties, can in turn threaten the economic livelihoods of large numbers of people. Courts are usually reluctant to throw a large number of people out of work, and so may opt for less drastic penalties than allowed by the law. A trade-off exists between the size of the penalty and the probability that it wil1 be imposed. So the sanctioning process can become much more complicated than the simple model implies.

We have very little information in Canada about these administrative costs. The size of the budgets for environmental ministries at the federal and provincial level are known, but how do we tell what proportion of the costs of the legal system represent environmental compliance costs? We have some sketchy data on enforcement activities—the number of investigations, warnings, prosecutions, convictions and so on, but it isn't clear what this data tells us about compliance. The data indicates that enforcement activity is occurring, but also that very few prosecutions and convictions resulted. Does this mean that compliance with the regulation is high or that violations aren't being detected? Or, does it simply mean that compliance is obtained through methods other than legal enforcement activities? In Canada, negotiation between polluters and government agencies is a common method of obtaining compliance.

Perhaps we can learn from the experiences in the United States. The few studies that have been done there show that there is cause for concern. In a l983 study the Genera1 Accounting Office surveyed a large number of major wastewater dischargers in the country to determine if they were complying with existing laws. They found that a substantial fraction (more than one-third) of the sources were not in compliance. 

Other studies of enforcement activities by U.S. states, which are often relied upon to enforce both state and federal environmental laws, show that enforcement activity is far less energetic than we might hope, certainly far 1ess than would be required to ensure a high rate of compliance. The reason, of course, is that enforcement is costly.

Environmental economists at Resources for the Future (RFF) surveyed a large number of U.S. state enforcement agencies to determine common practices and costs associated with enforcing pollution-control regulations. A very widespread practice is for agencies to require self-reporting of emissions by firms, with the public authorities carrying out periodic audits of these records and perhaps also periodic testing of emissions. Table 9- l shows some of the results of the RFF survey. The number of sources for which enforcing agencies were responsible varied enormously, with an average of 4,550 for air-pollution sources and l,770 for sources of water pollution. The costs per audit visit depended on whether the visit included the measurement of emissions along with the investigation of the firm's own records. The costs per visit averaged $155 and $30l for, respectively, air and water sources, when there was no emission monitoring. But these jumped to $l,725 for air and $955 for water sources when emission measurement was also carried out. There was an enormous variation in these costs among agencies, however.

These results show that enforcement costs are an important segment of environmental quality programs. Public agencies virtually everywhere face budget stringencies, but also responsibilities which are large and continually growing. Thus, the costs of enforcement, though perhaps not as large as overall compliance costs in most cases, are critical to the success of environmental quality programs and ought to be treated explicitly in evaluating the overall social costs of these programs.

TABLE 9-1 Survey Information on State Enforcement Agencies, 1982


Number of sources for

which agency was

responsible               Costs per audit visit


When no 

Discharges were   When discharges

Type of source      Average       Range        measured       were measured

Air                 4,550      40—8,140    $155 ($129)*     $1,725 ($1,042)

Water               1,770     220—3,900    $301 ($324)      $ 955 ($932)

*Numbers in parentheses are standard deviations.

Source: Clifford S. Russell, Winston Harrington, and William J. Vaughn, Enforcing Pollution Control Laws. (Washington, D.C.: Resources for the Future, 1 986), 50—57.
MORAL CONSIDERATIONS

We earlier discussed questions of income distribution and the impacts of different environmental policies on people with different levels of wealth. These are ethical issues on which different people will feel differently, but they are important to discuss when deciding on alternative public policies. But moral considerations extend beyond these distributional questions. The innate feelings that people have about what is right and wrong undoubtedly affect the way they look at different environmental policies. These have to be weighed in the balance along with the more technical criteria we have discussed above.

Take, for example, the question of choosing between effluent taxes and effluent subsidies. Both are economic incentive-type policies, and both might have roughly the same effect in given cases of pollution control. From the standpoint of effectiveness, one might argue that subsidies would be better. Polluters might very well respond quicker and with greater willingness to a subsidy program than to one that is likely to cost them a lot of money. Strictly from the standpoint of getting the environment cleaned up as soon as possible, subsidies might be the most effective. But this may run counter to the ethical notion that people who are causing a problem ought not to be "rewarded" for stopping, which is how subsidies are sometimes viewed.

Some people would take this idea further, arguing that, since we should regard polluting behaviour as essentia1ly immoral to begin with, we should adopt policies that tend to recognize it as such. By this criterion, policies that declare outright that certain types of polluting behaviour are i1lega1 are to be preferred to policies that do not. Another idea grounded in mora1ity is that those who cause a prob1em ought to bear the major burden of alleviating it. We see this, for example, in discussions of global environmental issues. The industrial nations, especially the most economically developed among them, are largely responsible for the atmospheric buildup of CO2, and the deterioration of the protective ozone layer. Many people take the view that these countries ought to bear the major burden in rectifying the situation.

With these criteria in hand, we are now ready to launch into a study of different types of environmental policies. We begin with several traditional decentra1ized approaches, after which we investigate the use of environmental standards, the approach most frequently resorted to in the past. Finally, we look at what are ca1led economic-incentive types of policies.

Chapter 10 Decentralized Policies: Liability Laws, Property Rights, Moral Suasion, Green Goods

By "decentralized" policies we mean policies which essentially allow the individuals involved in a case of environmental pollution to work it out themselves once a set of clearly defined rules of procedures and rights have been established by regulation and/or through the legal system. Think back to the example we used in previous chapters of water quality in a lake. Suppose there are several industrial plants around the lake. One is a food-processing plant, and the water of the lake is an important input in its operation. The other is an industrial operation that uses the lake for waste disposal. How can we balance the pollution damage suffered by the first firm with the abatement costs of the second? A decentralized approach to finding the efficient level of ambient water quality in the lake is simply to let the two plants work it out between themselves. They might do this either through informal negotiations or through more formal interaction in a court of law. There has been much discussion in the economics and law literature about the impact the different distributions of rights and rules have on the ultimate outcomes reached. We examine some of these issues in this chapter. Decentralized approaches have the advantage that the people directly involved are the ones who may know the most about damages and abatement costs, and therefore can presumably find the right balance between them. Sometimes decentralized approaches can be very effective. But not always. 

Property rights must be defined and distributed before any sort of decentralized process can occur. In the case of the environment, the basic decision that must be made by society through its governments and lega1 system is who should have the right to environmental quality. As you might expect, it is difficult to define this sort of right. But the basic issue is whether people have the right to a particular level of environmental quality or whether those who discharge wastes can do so freely. We will talk about the rights to the environment as "belonging" to the polluter or the pollutee. Once this decision is made, the next decision is how rights will be protected: through liability laws or property rules. We begin with liability laws because they are familiar to most people.

LIABILITY LAWS

Almost everybody has an intuitive notion of liability and compensation. To be liable for some behaviour is to be held responsible for whatever untoward consequences result from that behaviour. Questions of liability are usually worked out in the courts. The party claiming damage proceeds against the party it believes to be responsible, and judges and juries decide according to whatever provisions of common and statutory law are applicable. The courts will also decide the value of the damages. As we'll see below, this is in contrast to property rights, where the value of the damages is determined by the parties themselves.

One approach to environmental issues, therefore, is to rely on liability laws. This would work simply by making polluters liable for the damages they cause. The purpose of the laws is not just to compensate people after they have been injured, though that is important. The real purpose is to get would-be polluters to make careful decisions. Knowing that they will be held liable for environmental damages in effect internalizes what would otherwise be ignored external effects.
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FIGURE 10-1 Policy Options: Liability and Property-Rights Approaches

Consider Figure l0-l. It’s our familiar model of environmental pollution showing marginal abatement costs and marginal damages, both related to the rate at which some production residual is emitted. Suppose that the actual emission rate is initially at el, substantial1y above the efficient rate e*. Suppose further that we now invoke a liability law that requires polluters to compensate those damaged in an amount equal to the damages caused. The effect of the law is to internalize the environmental damages that were external before the law. They now become costs that polluters will have to pay, and so will want to take into account when deciding on their emission rate. At el the total damages, and hence the amount of the compensation payment, would be a monetary amount equal to the area b + c + d. This polluter could reduce its compensation payments by reducing emissions. As it does that, of course, its marginal abatement costs increase. But as long as the margina1 abatement costs are less than marginal damages, it would have an incentive to move to the left; that is, to reduce its rate of emissions. In theory, then, a 1iability system could automatically lead this polluter to emission level e*. We say "automatically" because it would not require any centralized control authorities to intervene and mandate emission reductions. It requires rather a system of decentralized courts and liability laws that would permit those damaged by pollution to seek compensation for damages suffered.

Theoretically, this approach appears to address the incentive question—getting people to take into account the environmental damages they may cause—as well as the question of compensating those who are damaged. It also appears to solve the problem of determining just where e* is along the emission axis. This would be discovered as a result of the interactions in court of polluters and those damaged. Both sides would present evidence and claims which, assuming the court is impartial, would lead to something approaching the efficient level of emissions.
  The requirement that polluters be held liable for damages may be part of a country's basic legal code, or it could be provided through special statutory enactments. In common-law countries such as Canada (outside of Quebec), the U.S. and the United Kingdom, doctrines of nuisance and liability have been developed through the evolution of court decisions. This law now recognizes the difference between strict liability, which holds people responsible for damages regardless of circumstances, and negligence, which holds them responsible only if they did not take appropriate steps to avoid damage. A firm disposing of hazardous materials might be held strictly liable for damages done by these wastes. Thus, any damages that resulted, regardless of how careful the firm had been in disposing of the waste, would require compensation. On the other hand, negligence would hold it responsible only if it failed to take appropriate steps to ensure that the materials did not escape into the surrounding environment. 

In civil-law countries and jurisdictions such as Quebec, liability requirements may be written into the appropriate parts of the code. And in any country environmental laws may specify conditions under which polluters may be held liable for damages. We will talk in Chapter 20 about the pollution--liability laws of Japan and the Netherlands. Many countries, individually and in international agreements, have sought to use liability policy to address the problem of maritime oil spil1s. Several international conventions have been devoted to specifying the liability requirements of companies whose tankers release, accidentally or not, large quantities of oi1 into the sea. And many countries have individually enacted laws specifying liability of their oil companies for damages from spills in coastal waters. One particularity of oil tanker spills is that it is very difficult to monitor the behaviour of the polluters in this case. It is an episodic emission, so there is no continuous flow to measure, and spill probabilities depend on many practices (navigation, tanker maintenance, etc.) that are difficult for public authorities to monitor continuously. When polluter behaviour is extremely difficult to monitor, we nevertheless would like to know that the polluters have undertaken all appropriate steps to reduce the probability of accidents. To provide the incentive for this, the most appropriate response may be to rely on a system of strict liability.

But a number of factors work against a wholesale reliance on liability to solve environmental problems. The critical factors in a liability system are where the burden of proof lies and what standards have to be met in order to establish that proof. In Canada, those who believe they may have been injured by pollution must file an action within a specified time period, and then in court must establish a direct causal link between the pollution and the damage. This involves two major steps: first to show that the polluting material was a direct cause of their damage, and then that the material did in fact come from the specific defendant that appears in court. Both steps are difficult because the standards of proof required by the courts may be more than current science can supply. Most chemicals, for example, are implicated in increased disease only on a probabilistic basis; that is, exposure to the substance involves an increased probability of disease, not certainty. Even though we "know" that smoking "causes" lung cancer, for example, this causal link remains probabilistic; an increased number of people will get lung cancer if they smoke, but we can't tell exactly which ones. In parts of rural Ontario, contamination of well water was estimated by some epidemiologists to have contributed to excess cases of leukemia in the areas affected. But under traditional standards of proof, a plaintiff could not conclusively prove that a specific cancer was caused by the water contamination. In other words, without being able to show explicitly how the polluting material operated in a particular body to produce cancer, the plaintiff cannot meet the standard of proof historica1ly required in our courts. 

The other link in the causal chain is to show that the material to which one was exposed came from a particular source. This won't be difficult in some cases; the oil on the Alaskan shoreline definitely came from the Exxon Valdez wreck, the sulphur smells in Prince George definitely come from the pulp and paper mills, etc. But in many cases this direct linkage is unknown. For an urban dweller in Montreal or Toronto, which specific industria1 plant produced the SO2 molecules that a particular person may have breathed? For the people living in cities and towns taking their drinking water from Lake Ontario, which specific companies were responsible for the chemicals that showed up in their water supply? Without being able to trace a polluting substance to specific defendants, those who have been damaged by it may be unable to obtain compensation.

Another major point to make about liability systems can best be understood by introducing the concept of transactions costs. In general terms transactions costs are the costs of reaching and enforcing agreements. The concept was first introduced in economics to apply to the costs that buyers and sellers encounter in making a successful transaction--costs of searching out information, costs of bargaining over terms, and costs of making sure an agreement is actually carried out. But the transactions costs also apply to liability systems where plaintiffs and defendants are competing in a court of law to determine the question of liability and the appropriate amounts of compensation. In this case transactions costs are all the legal costs associated with gathering evidence, presenting a case, challenging opponents, awarding and collecting damages, etc.

If we are dealing with simple cases, with one party on each side and a reasonably clear case of damage, the liability system may function, with a minimum of transactions costs, to give something approaching the efficient 1evel of emissions. In the case of the two small factories on a small lake, the two can go to court and argue about the economic values to each of them of using the lake for their purposes. And since these values are comparable, it presumably would not be too difficult for a judge to determine the extent of the damages that the one firm is inflicting on the other. But things are very different when large numbers of people are involved on one or both sides of an issue. In the case of the Exxon Valdez oil spill, for example, probably tens of thousands of people regard themselves as having been directly damaged, hundreds of lawyers represent all the different sides, and numerous environmental groups, government organizations, and business groups are involved, as Exhibit l0-l makes clear. At the end of a very long series of court battles some compensation will be paid. But the transactions costs will be enormous, and at the end of the process the compensation probably won't accurately reflect real damages. This is no doubt why the major parties tried to settle this case with a lump-sum agreement relatively early in the process, although continuing lawsuits are not ruled out. 

We may rely on private liability arrangements to identify efficient pollution levels when relatively few people are involved, causal linkages are clear, and damages are easy to measure. These conditions may be met in some localized cases of pollution, but for most cases of environmental externalities they are not, and so we must consider other means of arranging relationships between polluters and the people they affect. 

PROPERTY RIGHTS 

In the previous section we discussed the case of a small lake which one firm used for waste disposal and another for a water supply. On deeper thought we are led to a more fundamental question: Which one of the firms is really causing damage and which firm is the one suffering damages? This may sound counterintuitive because you might naturally think that the waste-disposing firm is of course the one causing the damage. But we might argue just as well that the presence of the food-processing firm inflicts damages on the waste-disposing firm because its presence makes it necessary for the latter to take special efforts to control its emissions. (Assume for purposes of argument that there are no other people, like homeowners or recreators, using the lake.) The problem may come about simp1y because it is not clear who has the initial right to use the services of the lake, that is, who effectively owns the property rights to the lake. When someone owns a resource, she has a strong incentive to see to it that it is managed in a way that gives it the maximum value. To solve the problem of lake pollution, therefore, it is necessary to specify clearly who has the rights of ownership to the lake. Whether or not the specification of ownership rights is also sufficient to solve the problem and reach a socially efficient equilibrium is the topic of this section.

EXHIBIT 10-1

EXXON VALDEZ'S SEA OF LITIGATION

Bickering among lawyers has added to the tension.

By Barnaby J. Feder

Can a bartender in Anchorage claim damages for tips he might have received from fishermen thrown out of work as a result of the Exxon Valdez spill?

What about California drivers who had to pay sharply higher gasoline prices after the Valdez grounding temporarily closed the port of Valdez and interrupted the flow of North Slope oil to California refineries?

And how about citizens of other states who have no plans to ever visit Alaska, but who, because of the spill, no longer have the knowledge that they could visit an unsullied region. What of the "bequest value" such knowledge would bring to future generations?

These are just a few of the legal questions stemming from the grounding of the Valdez in Prince William Sound on March 24 and the disgorgement of 11 million gallons of Alaskan crude oil into its pristine waters. The lawsuits began proliferating within days of the spill as lawyers from across the nation rushed to the scene.

"One of the mayors up there told me that the only thing worse than the oil hitting the shore was the wave of gray-flanneled lawyers that came next," said T. Barry Kingham, a lawyer with the New York firm of Curtis, Mallet-Prevost, Colt and Mosie. Mr. Kingham is not involved with the Exxon litigation but is one of the many lawyers who expects it to drag on into the next century. And he is in a better position than most to know why. He represents the French fishermen and villagers Suing Amoco in the still unsettled litigation in the United States District Court in Chicago that began 11 years ago when the Amoco Cadiz ran aground off the Brittany coast.

The Amoco Cadiz case involved a spill seven times larger than the one in Alaska, but the latter may well involve more extensive environmental damage and more complicated interactions between state and Federal law. Already, it involves far more types of plain1iffs and byzantine negotiations among high-powered law firms from all over the country over how to share both the work and con1rol over litigation strategy. "You have to ask whether the legal system is set up to cope with something like this," Mr. Kingham said.

"It will be a fun case, a chance to do some good for the public, but l don't think it's going to be very remunerative for plaintiffs' lawyers," said Stephen D. Susman, a Houston lawyer who was an early leader among the c1ass-action plaintiffs' lawyers but was forced to drop out because of a conflict.

"Alaska is a funny place—they love the environment but they also love the oil industry and they won't want to punish it too badly," Mr. Susman said. "Spill cases tend to have their maximum value in the early days when there are dead birds on television. There's going to be real questions in this case on how you measure damages."

That issue alone may drag out the case, and delay the day when lawyers are paid. One solution, according to Mr. Gerry, may be to treat the spill as a running nuisance case in which damages are reexamined and new payments made every few years." It would be unfair to both Exxon and plaintiffs to try to settle some things quickly because it would be sheer guesswork," said Mr. Gerry.

Whatever the complications, many lawyers believe the Valdez case is unlikely to set any lasting standard for how much it costs the legal system to sort out liabilities after environmental disasters. "Look at Chernobyl," said Professor Schoenbaum, referring to the devastation caused by the 1987 failure of a Soviet nuclear reactor." It is hard to imagine the legal impact of something like that if it occurred in the United States. We haven't scratched the surface."

Source: New York Times, November 19, 1989. 

Private-property rights are, of course, the dominant institutional arrangement in most developed economies of the West. Developing countries also are moving in that direction, as are even the ex-socialist countries. So we are familiar with the operation of that institutional system when it comes to person-made assets such as machines, buildings, and consumer goods. Private property in land is also a familiar arrangement. If somebody owns a piece of land, he has an incentive to see to it that the land is managed in ways that maximize its value. If somebody comes along and threatens to dump something onto the land, the owner may call upon the law to prevent it if he wants to. By this diagnosis, the problem of the misuse of many environmental assets comes about because of imperfectly specified property rights in those assets.

Consider again the case of the lake and the two firms. Apparently we have two choices for vesting ownership of the lake. It could be owned either by the polluting firm or by the firm using it for a water supp1y. How does this choice affect the level of pollution in the lake? Would it not lead to zero emissions if owned by the one firm, and uncontrolled emissions if owned by the other? Not if we allow owners and nonowners to negotiate. Of course, this is the very essence of a property-rights system. The owner decides how the asset is to be used, and may stop any unauthorized use, but may also negotiate with anybody else who wants access to that asset.

Look again at Figure 10-1. Suppose the marginal damage function refers to all the damages suffered by the brewery—call this Firm A. Assume the marginal abatement cost curve applies to the firm emitting effluent into the lake—cal1 this one Firm B. We have to make some assumption about who owns the lake, Firm A or Firm B. We will see that, theoretically, we will get the same quantity of emissions in either case, provided that the two firms can come together and strike a bargain about how the lake is to be used.

In the first case, suppose we assume that Firm B owns the lake. For the moment we need not worry about how this came about, only that this is the way it is. Firm B may use the lake any way it wishes. We can suppose that emissions initially would be at el. Firm B is initially devoting no resources at all to emissions abatement. But is this where matters will remain? At this point marginal damages are $r, while marginal abatement costs are nil. The straightforward thing for Firm A to do, therefore, is to offer Firm B some amount of money to reduce its effluent stream; for the first tonne any amount agreed upon between 0 and $r would make both parties better off. In fact, they could continue to bargain over the marginal unit as long as marginal damages exceeded marginal abatement costs. Firm B would be better off by reducing its emissions for any payment in excess of its marginal abatement costs, while any payment less than the marginal damages would make Firm A better off. In this way, bargaining between the owners of the lake (here Firm B) and the people who are damaged by pollution would result in a reduction in effluent to e*, the point at which marginal abatement costs and marginal damages are equal.

Suppose, on the other hand, that ownership of the lake is vested in Firm A, the firm that is damaged by pollution. In this case we might assume that the owners would allow no infringement of their property; that is, that the emission level would be zero or close to it. Is this where it would remain? Not if, again, we allow bargaining between owners and others who would like to use the lake. In this case Firm B would have to buy permission from Firm A to place its wastes in the lake. Any price for this lower than marginal abatement costs but higher than marginal damages would make both parties better off. And so, by a similar process of bargaining with, of course, payments now going in the opposite direction, the emissions level into the lake would be adjusted from the low level where it started toward the efficient level e*. At this point any further adjustment would stop because marginal abatement costs, the maximum the polluters would pay for the right to emit one more tonne of effluent, are equal to marginal damages, the minimum Firm A would take in order to allow Firm B to emit this added tonne. The key point here is that individuals determine the value of damages and compensation through their bargaining process. The owner of the property right has the power to stop the other party's actions that are deleterious to it. It can also sell this right if a price is established that both parties agree to. Recall again the difference between property rights and liability rules. In the case of liability rules, the courts determine whose rights are violated and what the amount of compensation will be. The property right allows the parties involved to attempt to reach a mutually agreeable level of pollution and compensation for damages.

It is important to note that the gains to each party associated with different property rights need not be identical. This can be easily shown in Figure10-2 which is identical to Figure l0-l except that more areas are identified. As before, the efficient level of emissions is e* regardless of whether we start at the low level shown or el, but the net gains to the individuals involved differ. Suppose we start at el and Firm B has the property rights and Firm A is offering to make a payment of r* per unit emissions reduced. We know that r* is the efficient payment because it is the point where marginal damages and marginal abatement costs are equal. Firm B will now incur abatement costs equal to area d. But Firm B gains a payment from Firm A equal to area d + e when Firm A pays r* per unit emissions reduced. Firm B's net gain is area e. But Firm A, the party afflicted by the pollution, also gains. When emissions were el, its total damages were areas c + d + e +f. At e*, the total damages are only equal to area c. Firm A's net gain at point e* is area f which is its damages foregone (areas d + e +f) minus its payment to Firm B (areas d + e). Net gains to "society," which in our case is Firms A and B, is equal to areas e +f.
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FIGURE 10-2 Gains from Alternative Property-Right Assignments

Suppose now that Firm A owns the lake and Firm B must pay Firm A to be allowed to discharge emissions into the lake. Again, the efficient payment will be r* per unit discharged, and equilibrium is at e*. Now Firm A receives a payment equal to areas b + c to compensate for incurring total damages equal to area c. Its net gain is therefore area b. Firm B is allowed to pollute to leve1 e*, so saves having to incur abatement expenses equal to area a + b + c. It pays Firm A area b + c, so its net gain is area a. Net gains to both parties then total areas a + b. As the figure is drawn, areas a + b do not equal areas e + f. There is no reason to expect them to be equal as this wil1 depend on the shapes of the margina1 abatement cost and marginal damage function. Thus "society" may well be better off under one property-right assignment than another, even though either assignment will be efficient.

So, as we have seen in this example, if we clearly define who has the property right over the environmental asset and then allow bargaining among owners and prospective users, we wi1l arrive at the efficient level of effluent irrespective of who was initially given the property right. In fact, this is a famous theorem, called the "Coase theorem," after the economist who invented it. The wider implication is that by defining private-property rights (not necessarily individual property rights because private groups of people could have these rights), we can establish the conditions under which decentralized bargaining can produce efficient levels of environmental quality. This has some appeal. The good part of it is that the people doing the bargaining may know more about the relative values involved--abatement costs and damages--than anybody else, so there is some hope that the true efficiency point will be arrived at. And since it would be a decentralized system, we would not need to have some central bureaucratic organization making decisions that are based mostly on political considerations instead of the true economic values involved. Ideas like this have led some people to recommend widespread conversion of natural and environmental resources to private ownership as a means of achieving their efficient use.

How well is this property-rights approach likely to work in practice? As we saw with liability laws, something that looks good in theory may not work well when faced with the complexities of the real world. In order for a property-rights approach to work right—that is, to give us something approaching the efficient level of environmental pollution—essentially three main conditions have to be met:

1. Property rights must be well defined, enforceable, and transferable.

2. There must be a reasonably efficient and competitive system for interested parties to come together and negotiate about how these environmental property rights will be used.

3. There must be a complete set of markets so that private owners may capture all social values associated with the use of an environmental asset.

If Firm A cannot keep Firm B from doing whatever the latter wishes, of course a property-rights approach will not work. In other words, owners must be physically and legally able to stop others from encroaching on their property. Owners must be able to sell their property to any would-be buyer. This is especially important in environmental assets. If owners cannot sell the property, this will weaken their incentives to preserve its long-run productivity. This is because any use that does draw down its long-run environmental productivity cannot be punished through the reduced market value of the asset. Many economists have argued that this is a particularly strong problem in developing countries; since ownership rights are often "attenuated" (that is, they do not have all the required characteristics specified above), people do not have strong incentives to see that long-run productivity is maintained.

We saw above that the efficient use of the lake depended on negotiations and agreement between the two interested firms. Negotiating costs, together with the costs of policing the agreement, could be expected to be fairly modest. What we are referring to here is transactions costs, the idea that we introduced in the preceding section. In the simple lake case, transactions costs would probably be low enough that the firms would be able to negotiate on the efficient level of emissions. But suppose we replace Firm A, the firm using the lake as a water supply source, with a community of 50,000 people who use it not only for a water supply, but also for recreational purposes. Now the negotiations must take place between a single polluting firm on one side and 50,000 people, or their representatives, on the other side. For each of these individuals the value of improved water quality is small relative to the value to the firm of polluting the lake. Moreover, the level of water quality in the lake is a public good for these individuals. This seriously increases the transactions costs of negotiating an agreement among different users.

To make matters worse, suppose we replace the one polluting firm with l,000 polluting firms, together with a few thousand homeowners who are not yet hooked into the public sewer system and so are using septic tanks on the shores of the lake. Here the possibilities of vesting the ownership of the lake in one person, and expecting negotiations between that person and prospective users to find the efficient levels of use, essentially vanish. This is another way of saying that in large and complex cases of environmental degradation, where free-rider problems abound, very high transactions costs will seriously reduce the potential of the private-property approach to identify the efficient level of emissions.

For private-property institutions to ensure that an environmental asset is put to its best use, the process must also work in such a way that the owner is able to capture the full social value of the resource in that use. Suppose you own a small island in the Thirty Thousand Islands in Lake Huron. There are two possible uses: Develop a resort hotel or devote it to a wildlife refuge. If you build the hotel, you get a direct flow of monetary wealth because the tourism market is well developed in that part of the world and you can expect customers to find your hotel and pay the going rate for your services. But there is no comparab1e "market" for wildlife refuge services. The value of the island as refuge may well be much higher than its value as resort, in terms of the actual aggregate willingness to pay of all the people in the country and the world. But there is no good way for them to be able to express that value; there is no ready market like the one in the tourism market where they can in effect bid against the tourists who would visit the island. You might think that a nature conservancy could buy up the island if its value as refuge really is higher than its value as hotel. But the nature conservancy runs on the basis of voluntary contributions, and islands and other lands are in effect public goods. We saw earlier that when public goods are involved, voluntary contributions to make something available are likely to be a lot less than its true value, because of free-riding behaviour. The upshot is that, while you as an owner could certainly expect to reap the full monetary value of the island as resort, you would not be able to realize its full social value if you held it as a preserve. 

Exhibit10-2 shows a real-world example of this problem. It is about a person in the state of Kansas who owns a piece of land that was one of the largest remaining stretches of virgin land in the country. An 80-acre piece, it had never known the plow. As such it probably had important ecological as well as historical value. But these values, though we all recognize their validity and importance, cannot very well be captured by a private landowner. The basic problem is that there is no way for the ful1 ecological values to be made apparent and expressed in a direct way. Although a private group bid for the land, without success, its budget was limited by its voluntary character and the free-rider problems inherent in preserving what are in effect public goods. But development values are real and immediate. Thus, the private landowner opted for development, in spite of the ecological and historical value of the property. 

  This example is actually a local version of a larger problem that has global significance. Much attention has been focussed in recent years on biological diversity and the stock of unique genetic material contained in the millions of animal and plant species worldwide. A disproportionately large share of these species is located in developing countries. But these are countries also where deve1opment pressures have led to high rates of land clearance and habitat destruction. When landholders in these countries are considering their options, they weigh the value of the land in different uses. Unfortunately, there is no way at present that they can capture the value of the 1and left as species habitat. No ready economic markets exist where these services can be sold, if they did, landholders could reap private benefits from keeping land undeveloped or using land in ways that are consistent with the preservation of species.

EXHIBIT 10-2

IGNORING PLEAS OF ENVIRONMENTALISTS, KANSAS MAN DIGS UP VIRGIN PRAIRIE

Special to The New York Times

LAWRENCE, Kan., Nov. 22—The largest remaining stretch of virgin prairie in northeast Kansas disappeared under the plow this week after futile attempts by the Nature Conservancy and local environmentalists to buy it.

The plowing of the 80-acre Elkins Prairie was first noticed soon after sunrise on Sunday, and the news quickly spread to a community group that had worked for two years to preserve the land, one of the few remaining unspoiled pieces of the 200 million acres of tall grass prairie that once covered North America.

Environmentalists hurried to the site and pleaded with the landowner to stop his tractor. The Douglas County Commission called an emergency meeting and after negotiating half the night offered to pay the landowner $6,000 an acre within six months, the equivalent of what developers had recently paid for nearby land.

But the owner, Jack Graham, rejected the offer and resumed plowing. By late Monday, only a small strip of virgin prairie remained.

Home to 150 Plant Species

It's heart-wrenching," said Joyce Wolf, leader of a group that had hoped to buy the land for an environmental education area. "He has stolen a resource from a community."

Mr. Graham, a 39-year-oId businessman who bought the land five years ago, declined to comment on his action. His lawyer, Thomas Murray, said Mr. Graham and his family "simply wanted to make their property more productive," but he would not elaborate.

Only about 2 percent of the original tallgrass prairie in North America remains, and Craig Freeman, coordinator of the state's Natural Heritage Program, said the Elkins stretch, about a mile outside this booming college town, was a particularly fine example of the complex prairie ecosystem. It was home to 150 species of plants, including two threatened species. Mead's milkweed and the western prairie fringed orchid.
 Federal plant protection laws do not apply to private property that receives no Federal money. 

Last year the Nature Conservancy, a national land preservation organization, offered to buy the Elkins Prairie for $3,500 and acre within a year, Ms. Wolf said, a bid that had unintended consequences. The organization's failure to offer a higher price. Mr. Murray said, convinced the Grahams that the land was not as environmentally important as many Lawrence residents believed. 

The Kansas director of the conservancy, Alan Pollom, defended the offer, saying it was based on an appraisal. "We can't unjustifiably enrich someone using the funds of a nonprofit organization," he said.

In the past few years Lawrence residents have tried to balance urban growth and preservation of the environment. Home to the University of Kansas, Lawrence has grown 23 percent to nearly 65,000 people since 1980, but development has been tempered by strong community support for preservation. 

Philosophy on the Highway 

Throughout the day on Monday, people gathered corner across the busy two-lane highway from the Elins Prairie, talking as they watched the tractor work its way back and forth across the land. 

"I question the wisdom of plowing up good prairie, but I would defend his right to do it," said Larry Warren, a farmer and neighbor. "It's his land: it’s his prerogative."

But Buzz Hoagland, a biology professor at the University of Kansas, argued that individuals have a responsibility to preserve the environment, even at the expense of their own profits. 

"It took a couple of million years for this land to evolve to the state it is in today, and it took 48 hours to destroy it," Dr. Hoagland said. 

Source: New York Times. November 23, 1990. 

One role for public authorities in this situation might be to create the demand side for such a market. This could be done by offering to pay the landowners an amount equal to the wider ecological value of the land, provided these ecological values were not impaired by the landholders' use of the land. Of course, this would involve enormous difficulties in measuring these ecological values with some degree of accuracy, as well as in finding sources of funds to pay for these services. But without these kinds of market or marketlike institutions, private-property-rights institutions are unable to give society the fully efficient amounts of preservation and environmental qua1ity.

MORAL SUASION

By "moral suasion" we mean programs of persuasion that appeal to a person's sense of moral values or civic duty, to get him or her to refrain voluntarily from doing things that degrade the environment. The classic case of this is the success of public pressure against littering. While there are fines and penalties for doing these things, antilittering campaigns were not based on threats of pena1ties as much as on appealing to people's sense of civic morality.

In the early days of recycling, communities often mounted voluntary efforts, where appeals were made on the basis of civic virtue. In some cases these efforts were successful; in others they fell flat. Today we are moving in the direction of more mandatory recycling programs, though it is true that they still must rely heavily on moral

suasion to get high rates of compliance. Other situations clearly exist where appeals to civic morality may be effective public policy. This is especially the case with emissions as in litter, where violators are normally scattered throughout a population in a way that makes it impractical to monitor them and detect violations as they occur.

The good thing about moral suasion is that it may have widespread spillover effects. Whereas an effluent tax on a single type of effluent will have no impact on emissions of other types of waste products, appeals to civic virtue for one problem may produce side effects on other situations. People who, through a special publicity campaign, are brought to feel a greater sense of civic virtue when they refrain from littering in cases where they clearly could get away with it may find themselves having the same feelings when they, for example, refrain from sneaking used motor oil into their household waste, or keep the pollution-control systems on their cars in a higher state of repair.

There are problems, however, with relying on moral suasion as a primary policy approach. Not all people are equally responsible from an ethical standpoint. Some people will respond to moral arguments; others will not. The burden of this policy will fall, therefore, on the part of the population that is morally more sensitive; those who respond less to moral arguments will be free riding on the others, enjoying the benefits of others' moral restraint but escaping their rightful share of the burden. What is especially bad about this is the long-run demonstration value. If those who would be responsive to moral arguments are confronted with the sight of widespread moral free riding, this may in the long run tend to erode the general level of civic and moral responsibility. Thus, appeals to the moral responsiveness of people, although perhaps effective in the short run, could actually have the opposite effect in the long run. This is similar to the cynicism that people often feel when new environmental laws are continually put on the books but never enforced.

While moral virtue is its own reward, it is even better if other people know about it. Moral suasion will be more effective in deterring pollution if information is readily available about emission levels and changes in them. Thus, as a counterpart to campaigns of moral suasion, efforts to measure and publicize emission levels and efforts people take to reduce these emissions are an important adjunct. These factors lie behind the recent attempt by environmental groups in Canada and the U.S. to develop an antipollution code of conduct to which companies could voluntarily subscribe. As indicated in the news clipping of Exhibit l0-3, these "Valdez Principles" involve voluntary disclosure of operations that might cause harm to the environment. It is easy to be cynical about moral suasion as a tool for environmental improvement. In this era of increasing mass society and heightened environmental destruction, tough-minded policymakers are naturally drawn toward environmental policies that have more teeth in them. This would probably be a mistake. It perhaps is true that we cannot rely very heavily on moral suasion to produce; for example, a significant reduction in air pollution in the Windsor to Montreal corridor or substantial drops in the use of groundwater-contaminating farm chemicals. But in our search for new and effective, concrete public policy devices to address specific pollution problems, we perhaps underestimate the contribution of the overall climate of public morality and civic virtue. A strong climate in this sense makes it possible to institute new policies and makes it easier to administer and enforce them. From this we can also deduce the importance of politicians and policymakers in doing things that replenish this moral climate rather than erode it

EXHIBIT 10-3

JOAN BAVARIA'S CRUSADE FOR THE ENVIRONMENT

Social Activist Is Driving Force Behind the Valdez Principles, a Corporate Code of Conduct.

By Stan Hiden

When the Exxon Valdez tanker plowed into a reef in March 1989 and spilled millions of gallons of crude oil into the pristine waters of Prince William Sound, the massive damage to the Alaskan environment set off angry cries across America.

One of the anguished voices belonged to an idealistic Boston money manager named Joan Bavaria, who has spent a decade on the front line of social investing, searching Out companies that make safe products and pursue worthy social goals.

Within months of the V8Id8z spill, as the cries of anger turned to cries for action, the 47-year-old social activist emerged as the driving force behind a new and potent alliance of investors and environmentalists that was formed to force corporations to accept more responsibility for their environmental conduct. The members of the coalition, called Ceres, hold millions of shares of stock in major corporations.

Out of their alliance carne the Valdez Principles—a tough 10-point code of conduct that asks corporations to disclose their environmental problems and act decisively to remedy them.

"We are trying, in a very fundamental way, to change the way corporations look at the environment and at their practices around the environment," said Bavaria, whose coalition controls $150 billion in pension and mutual funds and represents environmental groups with some 10 million members.

The stringent standards of the Valdez Principles, the heightened public concern about pollution and new federal cleanup laws have all combined to put environmental issues on the front burner in the board rooms of America.

In the coming year, more than 50 major corporations will get shareholder resolutions from environmental and church groups, asking the companies to sign the Valdez Principles. Boiled down, they ask corporations to end air and water pollution,

conserve energy, market safe products, pay for damages to the environment and make public reports on their progress.

That is more than many corporations are willing to promise—primarily because they fear they might open themselves to legal problems.
But the principles fit neatly with Bavaria's vision of the future, which is that U.S. corporations will learn to live with tough environmental standards—just as they now live with tough accounting standards.

Bavaria's battle to make the Valdez Principles the standard for corporate behavior will be opposed by many in the corporate world. But few companies and industries will ignore the steadily growing public concern about global warming, acid rain and toxic waste.

Many corporate officials share the view of Harvey Alter, manager for resources policy at the U.S. Chamber of Commerce who said the Valdez Principles showed that Ceres was "naive" about the way companies operate and that companies could achieve the same environmental goals on their own.

"Ceres," he said, "has put up a litmus test in which a company has to say 'yes' or 'no'. It's not that easy."

Up to this point, Bavaria and her colleagues at Ceres (short for Coalition for Environmentally Responsible Economies) have been using persuasion and the threat of shareholder action to gain signers for the Valdez Principles. Bavaria said any thoughts of boycotts would be far in the future.

In the coming year, each of the Fortune 500 companies will be asked by Ceres to fill out a 37 - page questionnaire about their environmental problems and policies.

Among the environmental groups that belong to Ceres are the Sierra Club, Friends of the Earth, the National Audubon Society, the National Wildlife Federation and the Wilderness Society.

One of the most powerful demands for corporations to sign the Valdez Principles has come from the $16.4 billion New York City Employees Retirement System fund. The fund has asked the Exxon Corp., Occidental Petroleum Corp. and Champion International Corp. to sign the Valdez Principles.

Source: Washington Post, December 23, 1990.
MARKET RESPONSES TO ENVIRONMENTAL POLLUTION: GREEN GOODS

Once property rights have been clearly established that limit the amount of pollution emitted or specify some level of environmental quality, we expect that some markets will arise to supply environmental qua1ity. Suppose consumers are willing to pay for goods that give them the same level of pleasure but involve less environmental damage either in the production process or in use than ordinary goods. If firms can produce such items, a market in so-called "green goods" might arise. In Canada, a number of green goods are currently being sold. They include, for example, household items such as no-phosphate laundry detergent, batteries not containing mercury, paper products made from recycled fibre, and appliances such as energy-efficient refrigerators and furnaces. There may also be green inputs into production processes. How do green goods reduce pollution?

  Consider Figure10-3. Panel (a) shows the market for paper products made using virgin fibre. Panel (b) illustrates the market for paper products made using recycled fibres. We assume that recycled fibres result in a less pollution-intensive process than virgin fibres. In each panel two supply curves are shown: S. is the curve that reflects the marginal private costs of production; S. the marginal social costs (which are the sum of marginal private costs plus marginal external costs as we saw in Chapter 4). The pollution intensity of the two types of good is reflected in the higher marginal social costs for paper produced with virgin fibre. Now let's add some demand curves. Suppose the market is originally supplied only with paper from the pollution-intensive process. Given a demand curve for paper, D0, an equilibrium price of Po is established and quantity Q0 is produced, as shown in panel (a). Now producers of less-pollution-intensive paper enter the market. If consumers feel that recycled paper products are a good substitute for ordinary paper products, there will be some demand for recycled paper goods. If the two goods are substitutes the demand for pollution-intensive paper will shift to the left with the introduction of the recycled paper. A new equilibrium price will be established where there is less production of ordinary paper (Q1) and it is sold at a lower price (Pl). There will be some demand for recycled paper. The more consumers wish to substitute recycled for ordinary paper, the greater the leftward shift of the demand curve in panel A. The extent of this shift is dependent upon consumers' tastes, the marginal private costs of production, etc.
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FIGURE 10-3 Marginal Social Costs with Green Goods vs. Pollution-Intensive Goods
If recycled paper goods capture some of the market, pollution must decrease. This occurs because the marginal abatement cost function shifts down. Why? Think back to our derivation of the aggregate marginal cost of abatement curve (MAC) in Chapter 5. Instead of having one type of production with a lot of pollution per unit output, we now have the output of paper coming from two types of producers; one with much lower emissions per unit output. If total output of paper stays the same, then total pollution must fall. This is shown in Figure10-4, where MACl is the aggregate MAC with only pollution-intensive suppliers, and MAC2 is the new curve obtained when some of the suppliers have much lower levels of emissions per unit output. We see that maximum po1lution leve1s fall from el to e2. This means that regardless of where the marginal damage function is located, pollution is lower even without any government po1icy designed to reach the efficient level of emissions. Note that the MD function does not shift because the relationship between each unit of emissions and environmenta1 damage does not change. An economy with a higher proportion of its production and consumption coming from green goods will thus have less pollution than an economy using more pollution-intensive goods. Government policy can of course stimulate the production of green goods. We will talk more about this in Chapter l2 on incentive-based strategies. The point here is that even without government intervention, if there is demand for green goods and it is technologically possible to produce them, environmental quality will be higher if these goods are produced and consumed.
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FIGURE 10-4 How Green Goods Affect the Marginal Abatement Cost Curve
SUMMARY

In this chapter we began our exploration of different types of public policies that might be used to combat environmental pollution. We began the chapter with a brief discussion of the criteria we might use to evaluate the effectiveness of alternative environmental policies. While the most important may be the ability of policies to attain efficient levels of emissions, there are other important criteria such as equity considerations, the ability to create incentives for future changes, and enforceability.

In the chapter we discussed two main decentra1ized types of approaches to environmental quality improvement. The first was to rely on liability rules, which require

polluters to compensate those they have damaged. In theory, the threat of 1iabi1ity can

lead potential polluters to internalize what would ordinarily be external costs. By weighing relative compensation and abatement costs, polluters would be brought to efficient emission levels. While liability doctrines may work well in simple cases of pollution where few people are involved and cause-and-effect linkages are clear, they are unlikely to work reliably in the large-scale, technically complicated environmental problems of contemporary societies.

The second major approach we discussed was reliance on the institution of private-property rights. Looked at from this perspective, environmental externalities are problems only because ownership of environmental assets is often not clearly defined. By

establishing clear property rights, owners and others who would like to use environmental assets for various purposes can negotiate agreements that balance the relative costs of different alternatives. Thus, negotiations among parties could theoretically bring about efficient emission rates. But problems of transactions costs, especially related to the public goods aspects of environmental quality, and lack of markets for environmental services work against relying primarily on traditiona1 property-rights institutions in environmental quality issues. We will see in a subsequent chapter, however, that some new types of property-rights approaches may hold greater promise. We mentioned the idea of moral suasion, which may be useful when it is impossible to measure the emissions stemming from particular sources. The problem of free riding was discussed, as was the problem of public disc1osure as a means of encouraging ethical behaviour in environmental matters. 

Finally, we discussed the introduction of green goods into an economy by the private sector in response to consumer demands for less-pollution-intensive products. We showed that the greater the proportion of green goods in an economy's output, the lower the level of emissions and higher the level of environmental quality. 

Chapter11Command-And-Control Strategies: 

The Case of Standards

A “command-and-control”(CAC) approach to public policy is one where, in order to bring about behaviour thought to be socially desirable, political authorities simply mandate the behaviour in law, then use whatever enforcement machinery—courts, police, fines, etc.—are necessary to get people to obey the law. In the case of environmental policy, the command-and-control approach consists of relying on standards of various types to bring about improvements in environmenta1 quality. In general, a standard is simply a mandated level of performance that is enforced in law. A speed limit is a classic type of standard; it sets maximum rates that drivers may legally travel. An emission standard is a maximum rate of emissions that is legally allowed. The spirit of a standard is, if you want people not to do something, simply pass a law that makes it illegal, then send out the authorities to enforce the law. 

Figure11-l is our familiar graph showing marginal abatement costs and marginal damages related to the rate at which some production residual is emitted into the environment. The target level of emissions is set at e*, where marginal damages equal marginal abatement costs. This socially efficient level of emissions thus minimizes the sum of abatement plus damage costs. Suppose that initially the actual level of effluent is at el, a rate substantially above the efficient rate of e*. To achieve e* the authorities set an emission standard at that level; e* becomes a mandated upper limit for the emissions of this firm. To enforce this standard we would then send out various enforcement authorities to measure and detect any possible violations of the standard. If infractions are found, the source is fined or subject to some other penalty. Assuming the firm reduces emissions in accordance with the standard, it would be paying an amount equivalent to area a per year in total abatement costs. These total abatement costs can be called the compliance costs of meeting the standard. 
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FIGURE 11-1 Emission Standards

ENVIRONMENTAL POLICY ANALYSIS

Standards are popular for a number of reasons. They appear to be simple and direct. They apparently set clearly specified targets. They appeal, therefore, to the sense that everybody has of wanting to come directly to grips with environmental pollution and get it reduced. Standards also appear to be congenial to our ethical sense that pollution is bad and ought to be declared illegal. The legal system is geared to operate by defining and stopping illegal behaviour, and the standards approach conforms to this mindset. We will see, however, that the standards approach is a lot more complex than might first appear. In fact, a very practical reason for the popularity of standards is that they may permit far more flexibility in enforcement than might be apparent. What appears to be the directness and unambiguousness of standards becomes a lot more problematic when we look below the surface.

TYPES OF STANDARDS

Any action you can think of could be the subject of a standard, but in environmental matters there are three main types of standards: ambient, emission, and technology.

Ambient Standards

Ambient environmental quality refers to the qualitative dimensions of the surrounding environment; it could be the ambient quality of the air over a particular city, or the ambient quality of the water in a particular river. So an ambient standard is a never-exceed level for some pollutant in the ambient environment. For example, an ambient standard for dissolved oxygen in a particular river may be set at 3 parts per million (ppm), meaning that this is the lowest level of dissolved oxygen that is to be allowed in the river. Ambient standards cannot be enforced directly, of course. What can be enforced are the various emissions that lead to ambient quality levels. To ensure that dissolved oxygen never falls below 3 ppm in the river, we must know how the emissions of the various sources on the river contribute to changes in this measure, then introduce some means of controlling these sources.

Ambient standards are normally expressed in terms of average concentration levels over some period of time. For example, the current national ambient air quality objective for sulfur dioxide (SO2) is 23 parts per billion (ppb) on the basis of an annual arithmetic mean and l l5 ppb on a 24-hour average basis. The standard, in other words, has two criteria: a maximum annual average of 23 ppb and a maximum 24-hour average of l15 ppb. The reason for taking averages is to recognize that there are seasonal and daily variations in meteorological conditions, as well as in the emissions that produce variations in ambient quality. Averaging means that short-term ambient quality levels may be worse than the standard, so long as this does not persist for too long and so long as it is balanced by periods when the air quality is better than the standard. 

Emission Standards 

Emission standards are never-exceed levels applied directly to the quantities of emissions coming from pollution sources. Emission (or effluent) standards are normally expressed in terms of quantity of material per some unit of time; for example, grams per minute or tonnes per week. Continuous emissions streams may be subject to standards on "instantaneous" rates of flow; for example, upper limits on the quantity of residuals flow per minute or on the average residuals flow over some time period. 

It is important to keep in mind the distinction between ambient standards and emission standards. Setting emission standards at a certain level does not necessarily entail meeting a set of ambient standards. Between emissions and ambient quality stands nature, in particular the meteorological and hydrological phenomena that link the two. The environment usually transports the emissions from point of discharge to other locations, often diluting and dispersing them along the way. Chemical processes occur in all environmental media that often change the physical character of the pollutant. In some cases this may render the emitted substance more benign. Organic wastes put in rivers and streams will normally be subject to natural degradation processes, wastes put will break them down into constituent elements. Thus, the ambient quality of the water at various points downstream depends on the quantity of emissions as well as the hydrology of the river--its rate of flow, temperature, natural reaeration conditions, and so on. 

Sometimes the environment will convert a certain type of pollutant into something more damaging. Research to link emission levels and ambient quality levels is a major part of environmental science.

The link between emissions and ambient quality can also be vita1ly affected by human decisions. A classic case is automobiles. As part of the mobile-source air-pollution program, we establish emission standards for new cars in terms of emissions per kilometre of operation. But since we have no way of controlling either the number of cars on the roads or the total number of hours each is driven, the aggregate quantity of pol1utants in the air and, thus, ambient air quality, is not directly controlled.

Emission standards can be set on a wide variety of different bases; for example:

1 Emission rate (e.g., kilograms per hour),

2 Emission concentration (e.g., parts per million of biochemical oxygen demand, or BOD, in wastewater),

3 Total quantity of residuals (rate of discharge times concentration times duration),

4 Residuals produced per unit of output (e.g., SO2 emissions per kilowatt hour of electricity produced),

5 Residuals content per unit of input (e.g., sulfur content of coal used in power generation),

6 Percentage removal of pollutant (e.g., 60 percent removal of waste material before discharge).

In the language of regulation, emission standards are a type of performance standard, because they refer to end results that are meant to be achieved by the polluters who are regulated. There are many other types of performance standards; for example, workplace standards set in terms of maximum numbers of accidents or levels of risk to which workers are exposed. A requirement that farmers reduce their use of a particular pesticide below some level is also a performance standard, as is a highway speed limit.

Technology Standards

There are numerous standards that don't actually specify some end result, but rather the technologies, techniques, or practices that potential polluters must adopt. We lump these together under the heading of "technology-based standards," or TBEs. The requirement that cars be equipped with catalytic converters, or seat belts, is a technology standard. If all electric utilities were required to instal1 stack-gas scrubbers to reduce SO2 emissions, these would be in effect technology standards, since a particular type of technology is being specified by central authorities. This type of standard also inc1udes what are often called "design standards" or "engineering standards." There are also a variety of product standards specifying characteristics that goods must have, and input standards that require potential polluters to use inputs meeting specific conditions. Technology standards often specify that polluters use the "best available" technology, known as BAT, the best practicable technology (BPT), or best available technology "economically achieveable," BATEA. Other acronyms may also be used. BPTs generally refer to technologies that are known and can be implemented immediately. BATs are the best possible technology whether there are any practical applications in use at the time or not. A BATEA allows some recognition of abatement costs and effect of the technology standard on a firm's profits. We will analyze and evaluate TBEs in more detail in Section V.

At the edges the difference between a performance standard and a technology standard may become blurred. The basic point of differentiation is that a performance standard, such as an emission standard, sets a constraint on some performance criterion and then allows people to choose the best means of achieving it. A technology standard actually dictates certain decisions and techniques to be used, such as particular equipment or operating practices to be used by polluters. In Canada there are a wide variety of federal and provincial regulations apply to specific industries. For example, under the Canadian Environmental Protection Act (CEPA), there are emission guidelines or regulations for Arctic mineral extraction, asbestos mines and mills, the asphalt paving industry, chloralka1i mercury releases, pulp and paper mill effluent, lead, and vinyl chloride, to name a few. Technology standards under CEPA apply to a number of industries including the energy sector, pulp and paper mills, mineral smelters, and many more. This is just one act. 

THE ECONOMICS OF STANDARDS

It would seem to be a simple and straightforward thing to achieve better environmental quality by applying standards of various types. But standards turn out to be more complicated than they first appear. In the rest of this chapter we will discuss some of these complications, which we will encounter directly when we get to the chapters on specific pollution-control policies. Understanding the way standards work, helps us examine the costs of reaching a socially efficient equilbrium using this policy instrument. We can then compare standards to other policy instruments using the criteria developed in Chapter 9. 

Setting the Level of the Standard in Practice 

Perhaps the first issue is where to set the standard. We saw in the case of the decentralized approaches to pollution control--liability laws and property-rights regimes—that there was, at least, the theoretical possibility that the interactions of people 

involved would lead to efficient outcomes. In theory, setting the level of the standard is even more straightforward. As noted many times, the socially efficient standard equates marginal damages to marginal costs. But in practice, standards are often set by examining a narrower set of criteria. Standards emanate from a political/administrative process that may be affected by all kinds of considerations.
What are some of the approaches that have been taken in practice, and how do they relate to social efficiency? Look again at Figure11-l, particularly at the marginal damage function. One approach in standard setting has been to try to set ambient or emission standards by reference only to the damage function. A reason for this may be that regulators do not have information about the marginal abatement cost function. Thus, one looks at the damage function to find significant points where marginal damages change substantially. One approach has been to set the standard at a "zero-risk" level, that is, at the level that would protect everyone, no matter how sensitive, from damage. This would imply setting a threshold level, labelled et in Figure11-l. This standard is clearly not socially efficient if the MAC is as shown. Another difficult y is determining whether or not a threshold exists. Recent work by toxicologists and other scientists, seems to indicate that there may be no threshold for many environmental pollutants; that in fact marginal damage functions are positive right from the origin. Exhibit 11-l discusses new findings on the impacts of ground-level ozone. What were once considered "safe" levels of ozone may not be. This suggests that regulators might want to consider a more stringent ozone standard. In fact, if we followed a "zero-risk" approach, we would have to set all standards at zero. This may be appropriate for some substances--certain highly toxic chemicals, for example, where marginal damages are everywhere greater than marginal abatement costs. But for many pollutants, a zero level of emissions would not be socially efficient, and difficult or impossible to achieve. We might decide, therefore, that we could accept some "reasonably small" damages, in which case we might set it at a place like e0, the point where the marginal damage function begins to increase very rapidly. Here again, however, we would be setting the standard without regard to abatement costs.

You should note that there is, in effect, a certain amount of "balancing" going on when standards are set on the basis of an average over some time period. In this case short-run periods, when ambient quality is relatively low, are considered acceptable as long as they do not last "too" long. A judgment is being made, in effect, that it is not necessary to install enough abatement technology to hold ambient quality within the standard under all conceivable natural conditions. In other words, an implicit trade-off is being made between the damages that will result from the temporary deterioration of ambient quality below the standard and the high costs that would be necessary to keep ambient quality within the standard under all conditions.

Perhaps the most fundamental aspect of standards is their all-or-nothing quality. Either the standard is being met or it isn't. If it isn't, the implication is that it should be, regardless of the cost of doing so. If it is being met, the implication is that it is not necessary to do any better, even though the cost of doing so may be quite low.

Uniformity of Standards

A very practical problem in standard setting is whether it should be applied uniformly to all situations or varied according to circumstances. We can illustrate this using the problem of the spatial uniformity of standards. The ambient air quality standards in the U.S., for example, are essentially national. The problem with this is that regions may differ greatly in terms of the factors affecting damage and abatement cost relationships, so that one set of standards, uniformly applied across these local variations, may have serious efficiency implications. 

EXHIBIT 11 –1

GROUND-LEVEL OZONE AND HEALTH

During the spring and summer months in Canada, ground-level ozone concentrations can reach levels high enough to adversely affect human health, vegetation, and cause damage to materials such as rubber tires and fabrics. The problem is particularly serious in the lower mainland of B.C., the corridor from Windsor to Quebec City, and some Maritime cities.

Ground-level ozone is formed when volatile organic compounds and nitrogen oxides combine with sunlight and warm temperatures. The primary sources of these compounds which create ozone are motor vehicles and industrial emissions. It persists in regions where winds aren't able to disperse the pollutants.

There is increasing evidence that ozone at levels generally considered safe remains a health hazard. Lung function in young, normal subjects were adversely affected when they exercised for six hours in concentrations of ozone as low as the present Canadian objective for one hour of 82 parts per billion (ppb). When ozone levels exceed 82 ppb, more people are admitted to hospitals with acute respiratory diseases. A recent study conducted by scientists at the University of Toronto found that when patients inhaled air with 120 parts per billion of ozone (which is the health standard for the U.S.), their sensitivity to allergens that may cause asthma attacks doubled. It had been thought previously that at levels below 120 ppb, it was only people with lung conditions or those who exercised strenuously who were at risk. Children, because they have less lung capacity and spend more time outdoors than adults, are also at greater risk.

In the United States, the American Lung Association has been calling for stricter standards in that country. In Canada, the objective is to consistently achieve the one-hour air quality objective of 82 ppb. Most of Canada's largest cities exceed that standard on many days. For example, at the eastern end of the Burrard lnlet in Vancouver (where mountains traps the ozone), the maximum one-hour ozone concentration in any year averages about 150 ppb, but concentrations of over 200 ppb have been measured. Between Windsor and Toronto, annual maximum readings are between 110 and 160 ppb for a one-hour period. Similar readings are obtained for Montreal.

Sources: New York Times, July 6, 1991.
Consider Figure 11-2. It shows two marginal damage functions, one of which (labelled MD.) is assumed to characterize an urban area, while the other (labelled MD.) applies to a rural area. MD. lies above MD. because there are many more people living in the urban area, so the same quantity of emissions will affect the health of more people there than in the rural region. We assume that marginal abatement costs (labelled MAC) are the same in the two regions. We might suppose, for example, that we are analyzing a production process that also produces emissions of benzene, a carcinogenic substance. The marginal costs of reducing emissions are the same in each area. Since the marginal damages are much higher in the urban than in the rural area, the efficient level of ambient benzene is much lower in the former than in the latter region; the efficient level is er in the rural region and eu in the urban area. 
Thus a single, uniform standard cannot be efficient simultaneously in the two regions. If it is set at eu, it will be overly stringent for the rural area, and if it is set at er, it will not be tight enough for the urban region. The only way to avoid this would be to set different standards in the two areas. Of course, this confronts us with one of the great policy trade-offs: The more we try to tailor a policy so that it applies to different and heterogeneous situations, the more efficient it wi1l be in terms of its impacts, but also the more costly it will be in terms of getting the information needed to set the diverse standards and enforcing them once they have been established. The curves in Figure 11-2 could be used to represent other heterogeneous situations as well as differences in geographical regions. For example, MDu might represent marginal damages in a particular region under some meteorological conditions, or in one season of the year, while MDr could represent the marginal damage function for the same area but under different meteorological conditions or at a different time of year. Now a single standard, enforced throughout the year, cannot be efficient at all points in time; if it is efficient at one time, it won't be at the other.

  When marginal damages for a particular pollutant differ among sources of the emissions, we wi1l see a dispersion of pollution across sources or regions because the pollutants are not uniformly mixed. This means that regulatory authorities have to monitor ambient environmental quality at different receptor points or monitoring stations within their jurisdiction. A socially efficient equilibrium then requires the marginal costs of abatement be equal to the marginal damages at each receptor point. l This equilibrium can be obtained in theory by imposing standards that reflect the marginal damages of each source at each receptor. Pollution from each source will be translated into ambient concentrations of pollution at each site by using what are called transfer coefficients. A transfer coefficient converts emissions from source i into an impact on environmental quality at site j, and is determined by scientific factors such as meteorological relationships and physical/chemical properties of the pollutant. Air-pollution dispersion models have been developed for a number of major urban areas. In practice, as noted above, pollutants which are not uniformly mixed create a much more difficult and costly regulatory environment. Section V illustrates examples of standards that are specific to pollution sources. Evidence from the United States suggests that these policies have high compliance costs.
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FIGURE 11-2 Regional Variation in Efficiency Levels

Standards and the Equimarginal Principle 

Having discussed the issue of setting the standard at the efficient level of emissions, we must remember that the efficient level itself is defined by the minimum marginal abatement cost function. And where there are multiple emissions sources producing the same effluent, the equimarginal principle must hold. The principle states that in order to get this outcome, the different sources of emissions must be controlled in such a way that they have the same marginal abatement costs. This means that different sources of a pollutant would normally be controlled to different degrees, depending on the shape of the marginal abatement cost curve at each source. A major problem with standards is that there is a1most always an overwhelming tendency for authorities to apply the same standards to all sources. It makes their regulatory lives much simpler, and it gives the impression of being fair to everyone, since all are apparently being treated alike. But identical standards will be cost-effective only in the unlikely event that all polluters have the same marginal abatement costs. 

Consider Figure11-3, showing the marginal abatement cost relationships for two different sources, each emitting the same waste material. Note that the marginal abatement cost functions differ; for Firm A they increase much less rapidly as emissions are reduced than they do for Firm B. Why the difference? They may be producing different outputs with different technologies. One firm might be older than the other, and older technology may be less flexible, making it more costly to reduce emissions than at the plant with the newer equipment. One plant may be designed to use a different type of raw material input than the other. This, in fact, mirrors the situation in the real world. Normally one can expect considerable heterogeneity in abatement costs among groups of firms even though they are emitting the same type of residual. 
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FIGURE 11-3 Marginal Abatement Costs for Two Sources

Assume that emissions are currently uncontrolled. Thus, they are 20 tonnes/month at each firm, or a total of 40 tonnes/month. Let us assume now that authorities wish to reduce total emissions to 20 tonnes/month by setting emission standards. How should the standards be set? The procedure that may seem most obvious—It certainly has to most environmental regulators--is to apply the same standard to each source; in this case, l0 tonnes/month. This has the superficial appearance of being fair, of treating these sources alike, since each would be reduced in the same proportion from their current levels. Of course, the problem is that the sources are economically unlike in that they have significantly different marginal abatement costs. By applying uniform standards to dissimilar sources we violate the equimargina1 principle and end up getting far less total emission reduction than we might for the costs involved. At emission 1evels of l0 tonnes/month Source A has marginal abatement costs of $l6.50/tonne while Source B has marginal abatement costs of $204.90/tonne. Remembering that total costs are the sums of the marginal costs, we calculate total compliance costs as $75.90 for A and $684.40 for B, or a grand total of $760.30.

How much higher is this than the costs that would result from a program satisfying the equimarginal principle? A look at Figure11-3 shows that we can achieve the total reduction we want and satisfy that principle by having Firm A cut its emissions to 5 tonnes/month and Firm B to l5 tonnes/month. At these levels their marginal abatement costs would be the same ($32.50/tonne) and the total cost of the cutback would be $272.30 ($204.40 for A and $67.90 for B), a 64 percent reduction in total costs from the equal-standards case. To put it perhaps more dramatically, for the $760.30 cost of the equal-standards case, we could achieve a much larger reduction in total emissions if we cut back in accordance with the equimarginal principle. In fact, cutting Firm A back to zero emissions (total cost: $430.70) and Firm B back to emissions of l2 tonnes/month (total cost: $322.60) would give total compliance costs about the same as the equal-standards case but with substantially lower total emissions (l2 tonnes/month rather than 20 tons/month).

To summarize: Standards are usually designed to be applied uniformly across emission sources. This practice is almost inherent in the basic philosophy of the standards approach, and to many people this strikes them as an equitable way to proceed. But if marginal abatement costs in the real world vary across sources, as they usually do, the equal-standards approach wi1l produce 1ess reduction in total emissions for the total compliance costs of the program than would be achieved with an approach that satisfied the equimarginal principle. The greater the differences in marginal abatement costs among sources, the worse will be the performance of the equalstandards approach. We will see in the chapters ahead that this difference can be very large indeed. 

Could standards be set in accordance with the equimarginal principle? Unless the applicable law required some sort of equiproportional cutback there may be nothing to stop the authorities from setting different standards for the individual sources. To get an overall reduction to 20 tonnes/month in the example above, they could require Source A to reduce to 5 tonnes/month and Source B to cut back to l5 tonnes/month. The difficult part of this, however, is that, to accomplish this, the authorities must know what the marginal abatement costs are for the different sources. We need to stress this strongly. For almost any real-world pollution problem there will normally be multiple sources. For a public agency to set individual standards in accordance with the equimargina1 principle it would have to know the marginal abatement cost relationship for each of these sources. It would take a prodigious effort for any agency to get high-quality information on marginal abatement costs for many different sources, each perhaps producing different outputs using different production technology and methods. The primary source of data would have to be the polluters themselves, and there is no reason to believe they would willingly share this information. In fact, if they realize, as they certainly would, that the information would be used to establish individual source standards, they would have every incentive to provide the administering agency with data showing that their marginal abatement costs rise very steeply with emission reductions. Thus, there are real problems with authorities attempting to establish source-specific emission standards. Nevertheless, a considerable amount of this is done informally, through the interactions of local pollution-control authorities, charged with enforcing common standards, and local sources, each of whom is in somewhat different circumstances. We will come back to this below when we discuss issues of enforcement. 

STANDARDS AND THE INCENTIVES FOR FURTHER IMPROVEMENTS 

One of our criteria for evaluating alternative types of environmental policies is the strength of the incentives they produce for discovering and adopting better technical and managerial means for controlling pollution. The management of production and consumption residuals is not a static pursuit; it is subject to change and improvement through human energy and creativity. But improvements don't just happen randomly; they appear when the appropriate incentives exist.

It is easy to deal with the case of technology standards. Here the incentives to find cheaper ways (considering all costs) of reducing emissions are effectively zero. If control authorities dictate in detail the specific technology and practices that polluters may legally use to reduce emissions, there are no rewards to finding better approaches. In fact, they may be motivated to avoid other techniques in order to protect themselves against charges of noncompliance, even if these other approaches showed considerable promise. Better to play it safe, adopt the technology specified by the standard, and let the public control authorities themselves be saddled with the job of defending the correctness of the choice. Rather than leave firms free to use their own creativity in devising the technological means to achieve a goal, a technology standard instead places the burden on the public authority to make the correct technology decisions.

Now consider emission standards. Figure11-4 shows marginal abatement costs of a firm in two situations: MACl refers to such costs before a given technological improvement; MAC2 is the marginal abatement cost curve the firm could expect to have after investing some large amount of resources in an R&D effort to develop better treatment or recycling technology. Without any pollution-control program at all there is absolutely no incentive to spend the money on the R&D. But suppose the firm is now faced with having to meet emission standards of e2 tonnes/year. With the original marginal abatement costs the total annual cost of compliance for this firm is (a + b) per year. If the R&D program is successful, its compliance costs would be only b/year. The difference, a/year, is the amount by which compliance costs would be reduced and represents, in fact, the incentive for engaging in the R&D effort. We will see in the next chapter that this is a weaker effect than is provided by economic- incentive types of programs. Nevertheless, it is an incentive, which is more than we could say for technology standards.

  Nevertheless, the complete logic of standard setting may do much to undermine this incentive. Suppose authorities are making every effort to set the standard at something approaching the efficient level of emissions. In Figure11-4, e2 is their view of the efficient level before the technical change. But the new technology lowers the marginal abatement cost curve, and we know from Chapter 5 that this will reduce the efficient level of emissions. Suppose the authorities estimate that, given their view of marginal damages, the new technology shifts the efficient emission level to e3 in Figure11-4, and that they now change the standard to reflect this. Now the firm’s compliance cost will be (b + c) per year. The difference is now (a - c). So the firm's cost savings will be substantially less than when the standard was unchanged; in fact, compliance costs may actually be higher than before the R&D program. In other words, the firm could suppose that because of the way regulators may tighten the standards, they would be worse off with the new technology than with the old methods. The standard-setting procedure in this case has comp1etely undermined the incentive to produce new pollution-control technology.
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FIGURE 11-4 Cost Savings from Technological Change: The Case of Standards
If emission standards create incentives for technological change, is it not desirable to establish very stringent standards so as to increase that incentive? If, in Figure11-4, the standard is set at e3 right at the beginning, this would mean cost savings of (a + d + e) with the new technology rather than just a as it would be with the standard set at e2. This type of approach goes under the heading of "technology forcing." The principle of technology forcing is to set standards that are unrea1istic with today's technology in the hope that it will motivate the pollution-control industry to invent ways of meeting the standard at reasonable cost. By "unrealistic with today's technology," we mean simply so costly that it would lead to widespread economic hardship. 

But stricter standards also create another incentive, the incentive for polluters to seek relief from public authorities through delaying the date when they become applicable. In an open political system, firms may take some of the resources that might have gone for pollution-control R&D and devote them instead to influencing political authorities to delay the onset of strict standards. The stricter and more near-term the standards, the more of this activity there is likely to be. Thus, technology forcing is another one of those strategies where the effectiveness of moderate amounts does not imp1y that more will be even more effective. 

We have to remember also that to a significant extent new R&D for pollution control is carried out by a pollution-control industry rather than the polluting industries themselves. Thus, to draw conclusions about the incentives of pollution-control policy for technologica1 change means to predict how these policies will contribute to the growth and productivity of the pollution-control industry. Technology standards are stultifying on these grounds because they substantially drain off the incentives for entrepreneurs in the pollution-control industry to develop new ideas. Emission standards are better in this respect, as we have seen. The evidence for this is the fact that representatives of the pollution-contro1 industry usually take the side politically of stricter environmental standards; in fact, they see the fortunes of their industry tied almost directly to the degree of stringency in the emissions standards set by public authorities.

THE ECONOMICS OF ENFORCEMENT

The typical pollution-control law incorporates standards calling for some degree of emissions reduction from current levels, or the adoption of specified pollution-control technologies. When we evaluate these policies ex ante we often assume implicit1y that the penalties written into the law will be sufficient to produce complete comp1iance. But this is in fact never the case. Pollution-control laws, like any others, require enforcement, and this takes resources. Since public enforcement agencies always work under limited budgets, it is not a forgone conclusion that enough resources will ever be devoted to enforcement to achieve acceptable levels of compliance. In fact, the notion of "acceptable" is itself subject to debate.

Like lots of other problems in economics and the allocation of resources, enforcement involves a trade-off, here between the resources used for this activity, which have opportunity costs, and benefits in the form of greater degrees of compliance. We picture this trade-off in Figure11-5. MD is the relevant marginal damage curve for this case, while MAC is the conventional marginal abatement cost function, showing the marginal costs required by sources to reduce emissions. The curves labeled Cl and C2 are curves that combine marginal abatement costs and marginal enforcement costs. Note that these begin at e0, which is somewhat to the left of the uncontrolled emission rate e. When an emission standard is set at e*, some degree of voluntary compliance may be expected to occur--in this case from e to e0. But to get emission reductions beyond e0 requires explicit enforcement resources. Curves C1 and C2 correspond to different technologies of enforcement. We have normally thought of e* as the efficient level of emissions, but when enforcement costs are present this is no 1onger the case. With relatively high enforcement costs (curve C1), the socially efficient rate of emissions is e1. At this point total emission reduction costs are equal to (a + b) of enforcement costs and (c + d) of abatement costs. The technology of enforcement includes many things f the monitoring of equipment, the expertise of personnel, the operation of the court system, etc. When changes occur in any of these factors, the effect is to shift the combined cost curve; in Figure11-5 it shifts to C2. This leads to a change in the efficient level of emissions to e2, at this point, total emission reduction costs would be made up of (e + b) of enforcement costs p1us (f+ c +d) of abatement costs.

When enforcement costs are included in the analysis, it brings up the question of whether standards should be set, at least in part, with enforcement costs in mind. Stricter standards may involve larger enforcement costs because they require larger operating changes on the part of sources. Less strict standards may be achievable with fewer enforcement resources, for the opposite reason. Public environmental agencies are usually faced with budget stringencies. In some cases, greater overall reductions in emissions may be obtained by using less strict standards that can be easily enforced than by stricter standards involving higher enforcement costs. 
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FIGURE 11-5 The Economics of Enforcement

However, it needs to be stressed that the "strictness" of the standard is not the only factor affecting enforcement costs. A critical element in enforcement is the size of the sanction written into the laws. Most pollution-control statutes contain provisions on the size of the fine (or jail term) that may be levied against violators, if and when they are caught and found guilty. In many cases, especially when legislation was first introduced, fines have been set too low, lower than the abatement costs required to meet the standards. In these situations firms can actually save money by dragging their feet on compliance. With low sanctions like this, enforcement is therefore likely to be much more difficult and costly than if sanctions are higher. Sources faced with the possibility of having to pay substantially higher fines would presumably have a stronger incentive to come into compliance. In recent years, penalties for failure to comply with Canadian environmental regulations have increased dramatically and there is evidence that the sanctions are providing sufficient incentives to comply with legislation. We need to keep in mind, however, the paradoxical effect mentioned earlier: If laws attempt to set fines that are extremely high, this could actually dissuade local administrators and courts from pursuing violators vigorously, because of the economic dislocation that would result. 

Stringency in enforcement budgets helps explain the attractiveness of public authorities to policies of standards. The essential characteristic of most standards approaches is that they do not require, nor automatically commit, a public agency to a costly enforcement process, especially a costly monitoring program. It is true that the more resources devoted to enforcement the more likely it is that the standards will be met. But standards programs can be put on the books while still leaving open the question of how much money and effort will be put into enforcement. Consider an emission standard that specifies an upper limit on the daily or hourly emission rate. To enforce this perfectly one would have to monitor the emission rate continuously. For a public agency charged with monitoring thousands of sources, this would be totally impossible. In Canada, this has led to a system of self-monitoring, where sources themselves keep the books on emissions flows over time. This permits the agencies to visit periodically to audit the records at each source. Agencies can also make random checks to measure emissions. The rate of auditing and random visits can be varied according to agency budgets. Needless to say, the rate of compliance would worsen as fewer resources are devoted to monitoring, but tolerab1e levels of compliance may sti1l be attainable with fairly modest efforts at monitoring. A cynic, or a political realist, might conclude that standards approaches are favoured because of the very fact that in the real world of tight public agency budgets, they permit partial or incomplete compliance.

One very common feature of environmental standards is that they are usually set and enforced by different groups of people. Standards are often set by national authorities; enforcement is usually done by local authorities. For example, the air quality standards established under the Canadian Environmental Protection Act are set at the federal level, but much of the enforcement is carried out by provincial agencies. This has a number of important implications. One is that standards can be set without much thought to costs of enforcement; it is more or less assumed that local authorities will find the necessary enforcement resources. Of course, this is not the case in practice. With limited enforcement budgets, local authorities may react to new programs by reducing resources devoted to other programs. Another implication is that, in practice, environmental policies incorporating standards end up having a lot more flexibility than might at first appear. Laws written at national levels are specific and apparently applicable everywhere. But at the local 1evel, "where the rubber meets the road," as they say, it's a matter of local pollution-control authorities applying the law to local sources, and in this process there can be a great deal of informal give-and-take between the authorities and local plant managers, with participation by local environmental groups as well.

Technology standards allow the same flexibility in enforcement. Here we have to distinguish between initial compliance and continued compliance. Initial compliance is where a polluter charged with meeting a particular technology standard installs the appropriate equipment. To monitor initial compliance it is necessary to have inspectors visit the site, check to see that the equipment is installed, and make sure it will operate in accordance with the conditions of the standard. Having ascertained this, the administering agency can then give the firm the necessary operating permit. But this does not ensure that the equipment will continue to be operated in the future in accordance with the terms of the permit. It may deteriorate through normal use, it may not be maintained properly, future operating personnel may not be properly trained, etc. Without some amount of monitoring, therefore, there is no assurance that the source will continue to be in compliance. But here again the administering agency has great flexibility in setting up a monitoring program. It can vary from very infrequent visits to randomly selected sites all the way up to permanent observers stationed at each source. While more monitoring will undoubted1y lead to higher rates of compliance, the standards approach essentially leaves open the question of the amount of time, effort, and money to be put into enforcement. It is clearly one of the advantages (some might say disadvantages) of the standards approach that it permits this flexibility in monitoring and enforcement. It is important to note however that all policies require monitoring to ensure compliance. As we'll see, policies may differ in terms of the amount and nature of the monitoring required. This is turn affects compliance costs.

SUMMARY

The most popular approach to environmental pollution control historically has been the setting of standards. This has been called the "command-and-control" approach because it consists of public authorities announcing certain limits on polluters, then enforcing these limits with appropriate enforcement institutions. We specified three primary types of standards: ambient, emission, and technology. Initial discussion centred on the level at which standards should be set and the regional uniformity of standards.

A leading problem with standard setting is the question of cost-effectiveness and the equimarginal principle. In most standards programs the administrative bias is to apply the same standards to al1 sources of a particular pollutant. But pollution control can be cost-effective only when marginal abatement costs are equalized across sources. When marginal abatement costs differ among sources, as they almost always do, uniform standards cannot be cost-effective. In practice, differences among sources in their marginal abatement costs are often recognized informally by local administrators in applying a uniform national standard.

We dealt at length also with the question of the long-run impact of standards through their effects on the incentives to look for better ways of reducing emissions. Technology standards completely undermine these incentives. Emission standards do create positive incentives for R&D in pollution control, though we will see that these are weaker than those of economic-incentive types of pollution-control policies, the subject of the next two chapters. Finally, we discussed the all-important question of enforcement.

Chapter12 Incentive-Based Strategies: 

Emission Taxes and Subsidies

If we wanted to bui1d a house, we would have to buy some building materials, nobody is likely to give them to us free. If we want to have architects and carpenters work on the house, we will have to hire them; they won't ordinarily work for nothing. In other words, in order to use the services of these inputs, we have to pay for them. We are used to doing this because they are bought and sold in well-developed markets. The fact that we have to pay for them gives us an incentive to use the inputs as sparingly and efficiently as possible. The economic incentive approach to environmental policy works in much the same way. Until recently people have been able to use the waste-disposal services of the environment virtually without cost, so there has been little incentive for them to think about the environmental consequences of their actions and to economize on the use of these environmental resources. The incentive approach seeks to change this situation.

There are basically two types of incentive policies: (l) taxes and subsidies and (2) transferable discharge permits. Both require some administering agency to put the program into effect and to monitor outcomes. Regulators set a price for pollution via taxes and subsidies and quantities of a1lowed emissions with transferable discharge permits. The market determines the price of pollution under the permit approach. Under each policy, polluters make their own decisions about the amount of pollution to emit based on the prices per unit pollution they face. While there are few Canadian policies that currently involve economic incentives, governments are contemplating their wider use. 

In the U.S., environmental laws have begun to incorporate many types of transferable discharge permit systems. In other countries, particularly those of Europe, greater re1iance is being put on programs of emission taxes. In the present chapter we will examine the economics of emission charges and subsidies. In the next chapter we wil1 consider the technique of transferable discharge permits.

Environmental economists have long favoured the idea of incorporating incentive-based policies more thoroughly into environmental po1icies. These can serve to put more teeth into environmental policies in many cases and substantially improve the cost-effectiveness of these policies. But keep in mind something we said before: No single type of policy is likely to be the best in all circumstances. Incentive-based policies are no exception. They have strengths and they have weaknesses. The strengths are sufficiently strong to encourage greater reliance on them in many circumstances. But there are many types of environmental problems where they may not be as useful as other approaches.

EMISSION TAXES

The most straightforward incentive-based approach to controlling emissions of a particu1ar residual is to have a public agency offer a financia1 incentive to change those

emissions. This can be done in two ways; by taxing each unit of emissions, or by giving a subsidy for each unit of emissions that the source cuts back.

We deal first with emission taxes, sometimes also called "emission charges." In a tax system we say to polluters f "You may discharge any amount of residuals you wish, but your emissions will be measured and you will be required to pay a certain tax for every unit (e.g., tonne) of effluent you discharge." For example, Canada has contemplated introducing a tax on the carbon content of fuels as a means of reducing carbon dioxide emissions and ame1iorating globa1 warming. When an emission tax is put into effect, firms responsible for emissions must essentially pay for the services of the environment transportation, dilution, chemical decomposition, etc. just as they must pay for all other inputs used in their operations. And just as they have always had an incentive to conserve on scarce labour and other conventional production inputs, they will now have an incentive to conserve on their use of environmental services. How do they do this? Any way they wish (within reason). This may sound flippant but in fact it represents the main advantage of this technique. By leaving polluters free to determine how best to reduce emissions, we call into play their own energy and creativity, and their desire to minimize costs, to find the least-cost way of reducing emissions. It could be any combination of treatment, internal process changes, changes in inputs, recycling, shifts to less polluting outputs, etc. The essence of the tax approach is to provide an incentive for the polluters themselves to find the best way to reduce emissions, rather than having a central authority determine how it should be done.

The Basic Economics

The essential mechanics of an emission tax are depicted in Figure12-l. The numbers refer to a single source of a particular pollutant. The top panel shows the analysis numerically while the bottom shows essentially the same information graphically. The tax has been set at $120 tonnes/month. The second column shows the firm's marginal abatement costs and the third column total abatement costs. The last two columns show the total monthly tax bill the firm would pay at different emission levels, and the total cost, consisting of the sum of abatement costs and the tax bill. We see that the minimum total cost of $850 occurs at an emission rate of 4 tonnes/month. Let's pursue the logic of this by considering marginal abatement costs. Suppose the firm is initially emitting l0 tonnes/month; if it were to cut emissions to 9 tonnes, it would cost $l5 in abatement costs, but on the other hand it would save $l20 in taxes, clearly a good move. Following this logic, it could improve its bottom line by continuing to reduce emissions as long as the tax rate is above 

FIGURE 12-1 An Emissions Tax.

Marginal          Total          Total tax

Emissions         abatement        abatement         bill at       Total

(tonnes/month)         cost             cost           $120/tonne    costs

10                0               0             1,200         1,200

9                15              15             1,080         1,095

8                30              45              960         1,005

7                50              95              840          935

6                70             165              720          885

5                90             255              600          855

4               115             370              480          850

3               135             505              360          865

2               175             680              240          920

1               230             910              120          1,030

0               290            1,200               0          1,200
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marginal abatement costs. The rule for the firm to follow is, thus: reduce emissions until marginal abatement costs are equal to the emissions tax rate. This is shown diagrammatically in the bottom part of Figure12-l. With a continuous marginal abatement cost function it's possible to talk about fractions of tonnes of emissions, something we could not do in the upper panel. So the graph is drawn to agree with the integer values above, for example, the tax of $l20 leads the firm to reduce emissions to exactly 4 tonnes/month.

  After the firm has reduced its emissions to 4 tonnes/month, its total (monthly) tax bill will be $480. Its monthly abatement costs will be $370. Graphically, total abatement costs correspond to the area under the marginal abatement cost function, labelled b in the figure. The total tax bill is equal to emissions times tax rate, or the rectangle labelled a. Under a tax system of this type, a firm's total cost equals its abatement costs plus the tax payments to the taxing authority.

Why wouldn't the firm simply disregard the tax, continue to pollute like it has been, and just pass the tax on to consumers in the form of higher prices? If the firm stayed at l0 tonnes of emissions, its total outlay would be $l,200 per month, consisting entirely of tax payment. This is much higher than the $850 it can achieve by cutting back to 4 tonnes/month. If a firm operates in a perfectly competitive environment, it survives by maximizing its profits. Emission taxes raise the costs of the firm. Therefore to maximize profits, the firm must do whatever it can to minimize its total costs inclusive of the emission taxes. However, we must recognize that if firms do not operate in perfectly competitive markets, a tax will not work in the way we have shown. Electric power plants, for example, are usually operated by provincial crown corporations, whose activities, until recently have not been subject to much scrutiny. They may not respond to taxes on SO2 emissions in the same way as firms who operate in more competitive economic climates.

For competitive firms, the amount of the response will depend on several factors. The higher the tax, the greater the reduction, and vice versa. In the example of Figure12-l, a tax of $50 would have led the source to reduce emissions only to 7 tonnes/month, while a tax of $l80 would have produced a cutback to 2 tonnes/month, etc. Also, the steeper the marginal abatement cost function, the less will emissions be reduced in response to a tax. We will come back to this below.

Compare the tax approach with an emission standard. With the tax the firm's total outlay is $850. Suppose that, instead, the authorities had relied on an emission standard to get the firm to reduce emissions to 4 tonnes/month. In that case the firm's total outlay would be only the $370 of abatement costs. Thus, the tax system ends up costing the firm more than the standards approach. With a standard the firm has the same total abatement costs as in the tax system, but it is still essentially getting the services of the environment free, while with a tax system it has to pay for those services. But while polluting firms would thus prefer standards to emission taxes, there are good reasons, as we shall see, why society would often prefer taxes over standards.
The Level of the Tax

In competitive situations, higher taxes will bring about greater reductions in emissions, but just how high should the tax be set? If we know the marginal abatement cost and marginal damage function, the economist's answer is to set the tax so as to produce the efficient level of emissions, as in Figure12-2. At a tax rate of t*, emissions are e*, and marginal damages equal marginal abatement costs. The firm's total costs of emission control are divided into two types' total abatement costs (compliance costs) of e and total tax payments of (a + b + c + d). The former are the costs of whatever techniques the firm has chosen to reduce emissions from e0 to e*, while the latter are payments to the control agency covering the tax on the remaining emissions. From the standpoint of the firm, of course, these are both real costs that will have to be covered out of revenues. From the standpoint of society, however, the tax payments are different from the abatement costs. While the latter involve real resources and therefore real social costs, the taxes are actually transfer payments, payments made by the firms (ultimately by people who buy the firms' output), to the public sector and eventually to those in society who are benefited by the resulting public expenditures. When a firm considers its costs, it will include both abatement costs and tax payments; when we are considering the social costs of a tax program, we must exclude transfer payments.

The reduction of emissions from e0to e* has eliminated damages of (e + f). Remaining damages are (b + d), an amount less than the firm pays in taxes. This underscores the idea that the emission tax is based on the right to use environmental resources, not on the notion of compensation. But a "flat tax" like this (one tax rate for all emissions) has been criticized because it would often lead to situations where the total tax payments of firms would substantially exceed remaining damages. A way around this is to institute a two part emission tax. We allow some initial quantity of emission to go untaxed, applying the tax only to emissions in excess of this threshold. For example, in Figure 12-2 we might allow the firm el units of emissions free of tax, and apply the tax rate of t* to anything over this. In this way the firm would still have the incentive to reduce emissions to e*, but its total tax payments would be only (c + d). Total abatement costs, and total damages caused by the e* units of emissions, would still be the same. 
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FIGURE 12-2 An Efficient Emission Tax

How might we set the tax if we did not know the marginal damage function? We know that emissions are connected to ambient quality; the lower the emissions the lower the ambient concentration of the pollutant, in general. So one strategy might be to set a tax and then watch carefully to see what this did in terms of improving ambient quality levels. We would have to wait long enough to give firms time to respond to the tax. If ambient quality did not improve as much as desired, increase the tax; if ambient quality improved more than was thought appropriate, lower the tax. This is a successive approximation process of finding the correct long-run emissions tax. It is not all clear whether this approach would be practicable in the real world. In responding to a tax, polluters would invest in a variety of pollution-control devices and practices, many of which would have relatively high up-front costs. This investment process could be substantially upset if, shortly afterwards, the authorities shift to a new tax rate. Any agency trying to use this method to find the efficient tax rate would undoubtedly find itself embroiled in a brisk political battle over the matter. Rather than planning to make successive adjustments in the tax rate, there would be a strong incentive for policymakers to determine the correct tax rate at the beginning. This would put a premium on prior study to get some idea of the shapes of the aggregate abatement and damage cost curves.

Emission Taxes and Efficiency

Perhaps the strongest case for a policy of effluent taxes is to be made on grounds of cost effectiveness, that is when controlling multiple sources of emissions in a way that satisfies the equimarginal principle. If we apply the same tax rate to different sources with different marginal abatement cost functions, and each source reduces its emissions until their marginal abatement costs equa1 the tax, then marginal abatement costs will automatically be equalized across all the sources.

  This is depicted in Figure l2-3. We assume here that there are two sources of a particular type of emission, labelled Source A and Source B. We also assume that these emissions, after they leave the respective sources, are uniformly mixed together, so that the emissions of the two plants are equa11y damaging in the downstream, or downwind, impact area. The marginal abatement costs for the two sources are the same as those we used in the last chapter. They are shown in graphical form at the bottom of Figure l2-3. The marginal abatement costs of Source A increase much less rapidly with reductions in emissions than do those of Source B. In the real world, differences like this are normally related to the fact that the firms are using different production technologies. They may be producing different outputs (e.g., a pulp mill and a food-canning firm), or they may be plants in the same industry but using different production techniques (e.g., coal-fired and hydroelectric power plants). According to the graphs, the production technology used by Source B makes emission reduction more costly than it is at Source A. If we impose an effluent tax of $33/tonne on each source, the operators of Source A will reduce their emissions to 5 tonnes/month, those at Source B will cut back to l5 tonnes/month (dealing only with integer values). After these reductions, the two sources will have the same marginal abatement costs. The total reduction has been 20 tonnes/month, which the effluent tax has automatically distributed between the two firms in accordance with the equimarginal principle.

FIGURE 12-3 Emission Taxes and the Equimarginal Rule

Marginal abatement costs

Emission level

(tonnes/month)                     Source A                 Source B


20                            0.0                      0.0 

19                            1.0                      2.1 

18                            2.1                      4.6 

17                            3.3                      9.4 

16                            4.6                     19.3

15                            6.0                     32.5 

14                            7.6                     54.9 

13                            9.4                     82.9 

12                           11.5                    116.9

11                           13.9                    156.9 

10                           16.5                    204.9 

9                            19.3                    264.9

8                            22.3                    332.9 

7                            25.5                    406.9 

6                            28.9                    487.0 

5                            32.5                    577.0 

4                            36.3                    677.2

3                            40.5                    787.2 

2                            44.9                    907.2 

1                            49.7                   1,037.2 

0                            54.9                   1,187.2
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  Note very carefully that the emission tax has led Source A to reduce its emissions by 75 percent while Source B has reduced its emissions by only 25 percent. The emissions

tax leads to larger proportionate emission reductions from firms with lower marginal abatement costs. Conversely, firms having steeper marginal abatement costs will reduce emissions less, in proportionate terms. Suppose that instead of the tax the authorities had instituted a proportionate cutback, on the grounds that "everybody should be treated alike," so they require each source to reduce emissions by 50 percent. Our two sources in Figure12-3 both reduce emissions to l0 tonnes/month. At this point their marginal abatement costs would be different. Furthermore, we can calculate total abatement costs, by remembering that total cost is the sum of marginal costs. Thus, for example, for Source A the total costs of l0 tonnes of emissions would be $(1.0 + 2.l +... + l6.5 = 75.9).

The following tabulation compares the compliance costs of the equiproportionate reduction that would occur under a standard with the effluent tax.

Total Compliance Costs ($/month)

Uniform Standard

(equiproportionate reduction)   Effluent Tax


Source A                           75.9               204.4

Source B                          684.4                67.9

Total                             760.3               272.3


The big thing is to note how much the totals differ. The total compliance cost of an equiproportionate cutback is about 2.8 times the total cost of an emission tax. The simple reason is that the equiproportionate cutback violates the equimarginal principle; it requires the same proportionate cutback regardless of the height and shape of a firm's marginal abatement costs. The difference in total costs between these two approaches is quite large with these illustrative numbers. We will see in later chapters that in the real world of pollution control these differences have often been much larger.

The higher the tax rate the more will emissions be reduced. In fact, if the tax rate were increased to something over $55/tonne, Firm A would stop emitting this residual entirely. The marginal abatement cost function for Firm B increases so rapidly, however, that an extremely high tax (over $l, l87/tonne) would be required to get this source to reduce emissions to zero. A single effluent tax, when applied to several firms, will induce a greater reduction by firms whose marginal abatement costs increase less rapidly with emission reductions than from firms whose marginal abatement costs increase more rapidly. Since the firms are paying the same tax rate, they will have different total abatement costs and different tax bills. In Figure l2-3 the total abatement costs are equal to area b for Source A and area d for Source B. On the other hand, the monthly tax bill sent to Source A would be only a, compared to a bill of c sent to Source B. Thus, the less steeply the marginal abatement cost of a firm increases, the larger will be that firm's emission reduction and the smaller its tax bill.

We need to emphasize that the cost effectiveness of the emission tax approach (that is, that it satisfies the equimarginal principle) are achievable even though the administering agency knows nothing about the marginal abatement costs of any of the sources. This is in clear contrast with the standards approach, where the public agency has to know exactly what these marginal abatement costs are for each firm in order to have a fully efficient program. In a tax approach the only requirement is that firms pay the same tax and that they are cost minimizers. After each one has adjusted its emissions in accordance with its marginal abatement costs (which we can expect them to know themselves), they wil1 all be emitting at the appropriate rates to satisfy the equimarginal principle.

Emission Taxes and Nonuniform Mixing of Emissions

So far we have proceeded under the assumption that the emissions of all sources are uniformly mixed together, that is, the emissions from one source have the same marginal impact on ambient qua1ity 1evels as those from other sources. In the real world this is not always the case, as we noted in the last chapter. Very often the situation is something like, though of course more complicated than, that depicted in Figure12-4. Here we have two sources. Source A, however, is about twice as far away from the centre of population as Source B. This means that emissions from Source A do not produce as much damage in the urban area as do emissions from Source B. If the two sources are emitting some material into a river that flows toward the city, the emissions of Source A have a longer time in the water to be broken down and rendered less harmful than do the emissions from Source B. Or if it is an air-pollution problem, Source A is much farther upwind than Source B, so there is more time for its emissions to be spread out and diluted than the emissions from Source B. There cou1d be other reasons than location differences for the different impacts, for example, they may emit residuals at different times of the year when wind patterns are different. Studying the location problem will allow us to examine the general problem of nonuniform mixing of emissions.
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FIGURE 12-4 Nonuniform Emissions

In this case a single emission tax applied to both sources would not be fu1ly efficient. A single tax addresses only the problem of differences in marginal abatement costs, not differences in damages caused by the emissions from different sources. In Figure12-4 a one-unit reduction in emissions from Plant B would improve environmental quality (reduce damages) in the urban area more than a one-unit reduction in emissions from Plant A, and this fact must be taken into account in setting emission tax rates. Suppose emission reductions at Source B are twice as effective at reducing damages than reductions in emissions at Source A. This means, in effect, that the effluent tax paid by Source B must be twice as high as the effluent charge paid by Source A. Thus, after adjusting to these tax levels the marginal abatement cost of Source B would be twice the marginal abatement cost of Source A. But the damage reduction per dollar spent in reducing emissions would be equalized across the two sources.

The logic of the preceding discussion would seem to lead us to the conclusion that in these cases we would have to charge different emission taxes to each source. To do this we would have to know the relative importance of the emissions from each source in affecting ambient quality. This is analogous to the problem we discussed in Chapter11 where individual standards have to be based on the transfer coefficients of polluters. But finding out exactly what these relative differences are among polluters would be a difficult job, as would the administrative task of charging a different tax rate to each firm. The best response here might be to institute what is called a zoned emission tax. Here the administering agency would divide a territory into separate zones; the actual number of zones would depend on the circumstances of the case. Within each zone the agency would charge the same emission tax to all sources, while it would charge different taxes in different zones. Naturally the zones would be identified by grouping together sources whose emissions have similar effects on ambient quality levels. Figure12-5, for example, shows the schematic of a river with a dozen different sources of emissions and one urban area where water quality is measured and water quality targets are established. The ten upstream sources are strung along the river at increasing distances from the urban area. Thus each has a different impact on measured water quality at the monitoring station, and a fully cost-effective program of emissions reductions would have to account for this fact, in addition to their different marginal abatement costs. But it would be administratively very costly to apply a different emissions tax to each source. We might, in this case, fall back on a zoned emission tax. We first define different zones along the river, then apply the same tax to all sources within the same zone, but different taxes to sources in different zones. Each zone would contain sources whose emissions have roughly the same impact on measured water quality. In Figure l2-5, for example, there are sketched out four upstream zones along the river. The three sources in Zone 1 would get the same tax, as would the four sources in Zone 2, etc. Sources l1 and l2 are downstream from the urban area and may not get taxed at all. Of course, this is a simplified diagram to show the basic idea; in the real world, there would also very likely be downstream damages. By using a zone system we can achieve a certain amount of administrative simplification while recognizing differences in the locations of different groups of sources.
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FIGURE 12-5 Zoned Emissions Tax

Emissions Taxes and Materials Balance

It's important at this point to remind ourselves about the fundamental materials balance aspects of residuals. Given a certain quantity of residuals, if we reduce the flow going into one environmental medium, we have to increase the flow going to others. If we forget this, we might run into situations in which, for example, firms respond to a tax on a certain waterborne residual by adopting a relatively cheap (from their standpoint) method of incineration that substantially increases airborne emissions. This implies that if taxes are put on residuals going into one environmental medium, we have to have some means of coordinating this with discharges of these emissions to other media. This could be done in several ways. We might simply put the same tax on a residual no matter which medium it was discharged into. But if the marginal damages of the residual were different across media, we would want to charge different taxes for different media, if we had enough information to determine what they should be. If the administering agency couldn't do this, it might fall back on simply proscribing certain courses of action; it might, for example, simply rule out any increases in airborne emissions from sources subject to a tax on waterborne emissions of the same residual. This should alert us to the problems of coordination that the materials-balance principle makes necessary.

Emissions Taxes and Uncertainty

Pollution-control policies have to be carried out in a world of uncertainty. We don't know exactly what damages stem from diminished ambient water quality. Administrating agencies often do not know exactly what emissions are being produced by each source nor exactly what the human and ecosystem impacts are. Another source of uncertainty is the shape of the marginal abatement cost curve of the sources subject to control, these may be known reasonably well by the polluters themselves but administrators will usually be very unsure of how high they are, how steep they are, how much they differ from source to source, and so on. It is one of the advantages of emissions taxes that they can bring about cost-effective results even within that state of uncertainty.

Nevertheless, when administrators set taxes at certain levels, they will normally be uncertain how much emission reduction will ensue, for that depends on how sources respond to the tax. This is one of the drawbacks of emission taxes. We can't predict exactly how much total emissions will decrease because we don't know the exact marginal abatement cost relationships. Observe Figure12-6. It shows two different marginal abatement cost functions, a steep one (MACl) and one that is much less steep (MAC2). They cross at a tax rate of t per kilogram. Consider MAC l. If we set a tax at the relatively high rate of th, this source would reduce emissions to e3, while if we had set it at the low rate of tl, it would adjust emissions to e2. These two emission rates are relatively close together; in other words, whether the tax is high or low the emissions rate of this source would not vary much; we could count on having an emissions rate of something around el. 

But for the firm with the less steep marginal abatement costs (MAC2) things are much more unstable. If the tax were set low, it would change emissions to e4, while with a high tax emissions would go all the way down to e5. In other words, for given changes in the tax rate, this firm would respond with much larger changes in emission rates than would the source with the steeper MAC curve.

The upshot of this discussion is that if most firms in a particular pollution problem have relatively flat MAC functions, we may have trouble finding the tax rate that will give us just the amount of reduction in total emissions we want. Since we don't know exactly where the MAC functions really are, we don't know exactly how high to set the tax. If we set it a little high or a little low, these firms will respond with large changes in their emissions. This is one of the main reasons why administrators opt for standards: they seem to offer a definite control on quantities of emissions produced. In the next chapter, we will discuss an incentive approach that addresses this problem.
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FIGURE 12-6 Emissions Taxes and Uncertainty

Emission Taxes and the Incentives to Innovate

In a dynamic world, it is critical that we adopt environmental policies that encourage technological change in pollution control. One of the main advantages of emission taxes is that they provide strong incentives for this. This is shown in Figure12-7, which shows two marginal abatement cost curves for a single firm. MACl represents the current condition. It shows the costs the firm would experience in cutting back its emissions with the particular technology it presently uses. MAC2, on the other hand, refers to abatement costs that the firm would experience after engaging in a relatively expensive R&D program to develop a new method of reducing emissions. We assume the firm has a reasonably good idea of what the results of the R&D will be, though of course nothing is ever a sure thing. We can use it to measure the strength of the incentives for this firm to put money into the R&D program.

Suppose the firm is subject to an effluent tax of t per tonne of emissions. Initially it will reduce emissions to el; at this point its total pollution-related costs will consist of (d + e) worth of abatement costs and a tax bill of (a + b + c). If it can lower its marginal abatement cost curve to MAC2 through the R&D activities, it would then reduce its emissions to e2. At this point it would pay (b + e) in abatement costs and a in taxes. The reduction in total costs has been $(c + d). If the firm had instead been faced with an emissions standard of e1, its cost savings with the new technology would have been only d, as we saw in the last chapter. Also, as we saw in the last chapter, if public authorities shift the standard to e2 when the new technology becomes available, (giving the same emissions reduction as the tax would have) the firm could actually experience an increase in costs because of its R&D efforts.
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FIGURE 12-7 Emission Taxes and the Incentive for R&D

Thus, the firm's R&D efforts will lead to a bigger reduction in its pollution-control related costs (abatement costs plus tax payments) under a policy of emission taxes than under a standards approach. Additionally, under the tax system the firm would automatically reduce its emissions as it found ways to shift its marginal abatement cost function downward, whereas under the standard no such automatic process would result. The difference is that under a tax approach, polluters must pay for emissions as wel1 as for abatement costs, while with standards they need pay only abatement costs. So, their potential cost savings from new pollution-control techniques are much larger under the tax program.

Emission Taxes and Enforcement Costs

Taxes pose a different type of enforcement problem than standards. Any tax system requires accurate information on the item to be taxed. If emissions are to be taxed, they must be measurable at reasonable cost. This means that residuals flowing from a source must be concentrated in a small enough number of identifiable streams that monitoring is possible. This rules out most nonpoint-source emissions because they are spread thinly over a wide area in a way that makes them impossible to measure. It would normally be impossible to tax the pollutants in agricultural runoff because the diffuse nature of the "emissions" makes them impossible to measure. However, if there is a well-defined relationship between agricultural input use and emissions, an input tax may be easy to impose and enforce. Certain toxic chemical emissions may also be difficult to tax because in addition to being nonpoint sources, there are often such small quantities that their flow rates are difficult to measure.

With emission taxes the taxing authorities would be sending a tax bill to the polluting firms at the end of each month or year, based on their total quantity of emissions during that period. So the agency would require information on cumulative emissions from each source. This is more involved than just information on rate of discharge, because cumulative discharge is rate times duration. There are several ways of getting this information. Perhaps the most ideal would be to have permanent monitoring equipment that measures emissions continuously over the time period in question. Lacking such technology, one could fall back on periodic checking of the rate of emissions, with an estimate of the duration based on normal business considerations or perhaps self-reporting by firms. Alternatively, engineering studies might be carried out to determine prospective emission quantities under specified conditions of operation, inputs used, etc.

Are the monitoring requirements of an emissions tax policy more stringent than those for the typica1 standards program? If the tax is on emissions per day, while a standard is based on annual emissions, the tax policy will have higher enforcement costs. But it is possible that monitoring must be done on exactly the same basis to ensure compliance with the tax or the standard. The frequency of monitoring required will be a function of the environmental characteristics of the pollutants. The frequency of monitoring in practice will often be constrained by government budgets. A question we pose, but cannot answer is if frequency of monitoring affects whether polluters are more likely to comply under a standard or a tax. Polluters, of course, have incentives to find ways, legal and otherwise, to get their tax bills reduced or to avoid meeting a emission target under a standard. One way to do this is to influence the monitoring process enough so that reported emissions are smaller. Once they do get their tax bills, recipients will have every incentive to contest them if they appear to be based on uncertain data or have other technical weaknesses. But if they receive a fine for failure to meet a standard, the same incentives apply.

Other Types of Taxes

So far we have discussed only one type of tax, an effluent or emissions tax. Since it is the emission of residuals that leads directly to environmental pollution, taxes on emissions presumably have the greatest leverage in terms of altering the incentives of polluters. But there are many situations where it is impossible or impractical to levy taxes directly on emissions. In cases where we can't measure and monitor emissions at reasonable cost, taxes, if they are to be used, would obviously have to be applied to something else. A good case of this is the problem of water pollution from fertilizer runoff in agriculture. It is impossible to tax the kilograms of nitrogen in the runoff because it is a nonpoint-source pol1utant and thus not directly measurable. The same problem applies to agricultural pesticides. What may be feasible instead is to put taxes on these materials as they are bought by farmers, that is, a tax per tonne of fertilizer or per l00 kilograms of pesticide purchased. The tax is to reflect the fact that a certain proportion of these materials ends up in nearby streams and lakes. By raising the prices of these items, farmers would have the incentive to use them in smaller quantities. The higher price also creates the incentive to use the fertilizer in ways that involve less wastage, for example by reducing the amounts that run off. 

Placing a tax on something other than emissions is usually a "second-best" course of action made necessary because direct emissions can't be closely monitored. In cases like this we have to watch out for distortions that can come about as people respond to the tax, distortions that can substantial1y al1eviate the effects of the tax, or can sometimes make related problems worse. We mentioned in Chapter l the move by many U.S. and some Canadian communities to tax household trash. One of the techniques we discussed is to sell stickers to the residents and require each bag of trash have a sticker on it. The rate of tax is determined by the price of the stickers, and it is relatively easy to monitor and enforce the system through the curb-side pickup operations. But the per-bag tax will produce an incentive to pack more into each bag, so the reduction in total quantity of trash may be less than the reduction in the number of bags collected.

Another example. Suppose we put a tax on new cars on the basis of their emissions of residuals like nitrogen oxides and hydrocarbons. The tax on any car is determined by the quantity of emissions per kilometre that car produces, as determined by testing at the plant. Our objective is to raise the price of heavily polluting cars relative to less polluting ones, thus giving people more incentive to shift to the latter when they make their new car purchases. The tax is linked to the quantity of residuals emitted during a typical mile travelled. But the factor we really wish to control is the total quantity of residuals emitted. We have the following relationship:

Total emissions per year =

Emissions per kilometre ×Number of kilometers driven per year

In fact, the number of kilometres driven is as important a factor in determining annual emissions as is the emissions rate of the car. Although consumers might shift to cars that have lower emission rates, they will have absolutely no incentive to look around for ways of driving fewer kilometres each year; taking fewer trips, living closer to work, etc. So total emissions may go down very little despite the tax on new car emissions. The point is that this tax is being put on something other than what we want to control, so it will have less "leverage" and produce smaller results than if it had been put direct1y on total emissions.

Distributional Impacts of Emission Taxes

There are two primary impacts of effluent taxes on the distribution of income and wealth: impacts on prices and output, and the effects of the expenditures made from the tax revenues. Businesses subject to a tax will experience an increase in costs, because of both abatement costs and the tax payments. From the firm's standpoint these would constitute increases in production cost, which they would presumably pass on to consumers like any cost of production. Whether and how much they can do this depends on competitive conditions and the conditions of demand. If the tax is applied to a single firm or small group of firms within a competitive industry, it will not be able to push its price up above the industry price, and so will have to absorb the cost increase. In this case the impacts will be felt entirely by owners of the firm and the people who work there. Many firms fear or pretend to fear being in precisely this situation, and base their public objections to taxes on this outcome. If the tax is applied to an entire industry, then prices will go up and consumers will bear part of the burden. How much prices go up depends on demand conditions. Price increases are often thought of as regressive because, for any given item, an increase in its price would affect poor people proportionately more than higher-income people. For something that both poor and well-off people consume, like electricity, this conclusion is straightforward. For price increases in goods consumed disproportionately by more well-to-do people (e.g., airline travel), however, the burden would be mostly on them.

The burden on workers is tied closely to what happens to the rate of output of the affected firms. Here again, the extent of the output effect depends on competitive conditions and the nature of demand for the good. If the emission tax program is applied to a single firm in a competitive industry, or if the demand for the output of an industry is very responsive to price, output adjustments will be relatively large and displaced workers could result. The long-run burden is then a matter of whether good alternative sources of employment are available.

While burdens because of price and output changes may be real, we have to remember, that on the other side, the tax program is creating substantia1 benefits in the form of reduced environmental damages. To know how a program affects any particular group we would have to account also for how these benefits are distributed.

Effluent taxes also could involve substantial sums running from consumers of the goods produced by the taxed industry to the beneficiaries, whoever they may be, of the funds collected by the taxing authorities. These funds could be used for any number of purposes; how they were used would determine impacts. They might, for example, be distributed to lower-income people to offset the effects of price increases. They might even be returned in part to the firms paying the effluent taxes. This is done in some European countries to help finance the purchase of pollution-control technology. As long as the return payments do not make the marginal emissions tax rate effectively lower, the incentive effects of the tax are not affected. Alternatively, they might be used to pay for other environmental initiatives in places where direct public action is called for. They might even be used to reduce overall budget deficits, with benefits flowing to general taxpayers.

One final note on tax revenues. The emission taxes we have talked about in this section are designed to induce polluters to use environmental resources more sparingly. The taxes essentially correct the distorted pattern of resource use that results when environmental resources may be used as free inputs. The other feature of emission taxes that ought to be stressed is as revenue source. This suggests the possibility that is open to governments of replacing certain other taxes, which have distorting effects on the economy, with emission taxes, which are designed to reduce resource-use distortions. For example, many countries have payroll taxes, levied on firms and workers to provide revenues for a variety of purposes, such as social insurance. These taxes have the effect of making labour more expensive, and so cause a reduction in the quantity of labour hired and a reduction in jobs. If this were replaced in whole or in part by an emissions tax, there wou1d be desirable effects both in the labour market and in the reduction of environmental externalities.

ABATEMENT SUBSIDIES

An emission tax works by placing a price on the environmental asset into which emissions are occurring. Essentially the same incentive effects would result if, instead of a tax, we instituted a subsidy on emissions. Here a public authority would pay a polluter a certain amount per tonne of emissions for every tonne they reduced, starting from some benchmark level. The subsidy acts as a reward for reducing emissions. More formally, it acts as an opportunity cost; when a polluter chooses to emit a unit of effluent, they are in effect foregoing the subsidy payment they could have had if they had chosen to withhold that unit of effluent instead. Table l2-l shows how this works in principle, using the same numbers as in the preceding discussion on emission taxes. The firm's base level is set at its current emissions rate: l0 tonnes/month. It receives $l20 per tonne for every tonne it cuts back from this base. The third column shows its total subsidy revenues, and the last column shows total subsidies minus total abatement costs. This net revenue peaks at 4 tonnes/month, the same emissions level the firm would choose with the $120 tax. In other words, the incentive for the firm is the same as for the tax.

TABLE 12-1 AN ABATEMENT SUBSIDY


Marginal        Total                     Total Subsidy

Emissions       Abatement     Abatement  Total Subsidy      Minus Total

(tonnes/month)       Cost           Cost     at $120/tonne    Abatement Costs


10             0             0             0              0

9             15            15            120            105

8             30            45            240            195

7             50            95            360            265

6             70           165            480            315

5             90           255            600            345

4            115           370            720            350

3            130           500            840            340

2            180           680            960            280

1            230           910           1,080            170

0            290          1,200          1,200             0


Many of the points we made earlier about emission taxes also apply to emission subsidies. The job of monitoring emissions would be essentially the same. There would undoubtedly be great difficulties in establishing the original base levels from which reductions are to be measured. Each source would wish to have this base level set as high as possible. Perverse incentives might be present in the planning stages because sources might try to increase their emissions in the hopes of increasing their base. There is however an additional problem with subsidies not faced by taxes. To be able to pay subsidies to polluters, governments will have to raise revenue in some way. The extra revenue needed for subsidies could come from more government debt, higher income or sales taxes, and so on. If governments can't raise revenues, they have two other options. They could cut back on expenditures in other programs or forego revenues if the subsidy takes the form of a tax write-off, say for investment in pollution abatement equipment. In each of these situations, it is likely that undesirable effects on the economy will occur. Given the current difficult fiscal situation in most jurisdictions, subsidies are generally not seen as viable environmental policies, except in special circumstances.

A further difficulty with subsidies is on their effect on total emissions from an industry. Although an emission subsidy like we have described would have the same incentive for each individual source, total emissions may actually increase. To understand why, note the difference in the financial position of this firm when it emits 4 tonnes of pollutant under the two programs: with the tax it has total costs of $850 while with the subsidy it has a total revenue of $350. Thus, the financial position of the firm is much different. In effect, it will be earning higher profits after the imposition of the subsidy, and this can have the effect of making this industry more attractive for potential new firms. We have the possibility, in other words, of having the emissions per firm go down but the number of firms in the industry, and therefore total emissions, increase. This feature is a major drawback of simple subsidies like this.

Deposit-Refund Systems

One place where subsidies may be more practical is in deposit-refund systems. A deposit-refund system is essentially the combination of a tax and a subsidy. For example, a subsidy is paid to consumers when they return an item to a designated collection point. The purpose of the subsidy is to provide the incentive for people to refrain from disposing of these items in environmentally damaging ways. The funds for paying the subsidy are raised by levying taxes on these items when they are purchased. In this case, the purpose of the tax is not necessarily so much to get people to reduce the consumption of the item, but to raise money to pay the subsidy. Of course, the tax is cal1ed a deposit and the subsidy a refund, but the principle is clear.

Deposit-refund systems are particularly well suited to situations where a product is widely dispersed when purchased and used, and where disposal is difficult or impossible for authorities to monitor. In Canada, several provinces including British Columbia, Alberta and Saskatchewan have enacted deposit-refund systems for beverage containers, both to reduce litter and to encourage recycling. This approach has also been widely used in Europe. But many other products could be handled effectively with this type of system.

In the late l960s, Germany instituted a deposit-refund on waste lubricating oil. Each year very large quantities of waste oil are disposed of improperly, putting many air, water, and land resources under threat. In the German system, new lubricating oil is subject to a tax (a deposit), the proceeds of which go into a special fund. This fund is then used to subsidize (the refund side) a waste oil recovery and reprocessing system. The terms of the subsidy are set so as to encourage competition in the recovery/reprocessing system, and to provide an incentive for users to reduce the extent to which oil is contaminated during use.

In Sweden and Norway deposit-refund systems have been instituted for cars. New car buyers pay a deposit at time of purchase, which will be refunded when and if the car is turned over to an authorized junk dealer. Experience with these systems shows that success depends on more than just the size of the deposit-refund. For example, it is essential that the collection system be designed to be reasonably convenient for consumers.

Other items for which deposit-refund systems might be appropriate are consumer products containing hazardous substances, such as batteries containing cadmium and car batteries, or for products containing chlorofluorocarbons such as refrigerators and air-conditioning units. Automobile tires might also be handled this way. The deposit-refund system might also be adaptable to conventional industrial pollutants. For example, users of fossil fuels might pay deposits on the quantities of sulfur contained in the fuels they purchase; they would then get refunds on the sulfur recovered from the exhaust gas. Thus, they would lose their deposit only on the sulfur that went up the stacks.

SUMMARY

Emission taxes attack the pollution problem at its source, by putting a price on something that has been free and, therefore, overused. The main advantage of emission taxes is their efficiency aspects: If all sources are subject to the same tax, they will adjust their emission rates so that the equimarginal rule is satisfied. Administrators do not have to know the individual source of marginal abatement cost functions for this to happen; it is enough that firms be faced with the tax and then left free to make their own adjustments. A second major advantage of emission taxes is that they produce a strong incentive to innovate, to discover cheaper ways of reducing emissions.
The apparent indirect character of emission taxes may tend to work against their acceptance by policymakers. Standards have the appearance of placing direct control on the thing that is at issue, namely emissions. Emission taxes, on the other hand, place no direct restrictions on emissions but rely on the self-interested behaviour of firms to adjust their own emission rates in response to the tax. This may make some policymakers uneasy because firms apparently are still allowed to control their own emission rates. It may seem paradoxical that this "indirect" character of effluent taxes can sometimes provide a stronger inducement to emission reductions than seemingly more direct approaches.

But emission taxes require effective monitoring. They cannot be enforced simply by checking to see if sources have installed certain types of pollution-control equipment. If emission taxes are to have the appropriate incentive effects, they must be based c1ose1y on cumulative emissions. Thus, point sources where emissions can be effectively measured are the likely candidates for pollution control via emissions taxes.

An advantage of emission taxes is that they provide a source of revenue for public authorities. Many have recommended that tax systems be changed, relying less on taxes that have distorting economic effects and more on emissions taxes. This requires that authorities be able to predict with accuracy the effects of particular emissions taxes on rates of emissions.

Emissions subsidies would have the same incentive effect on individual polluters, but they could lead to increases in total emission levels. One place where subsidies have been used effectively is in deposit-refund systems, which are essentially tax and subsidy systems in combination.

Chapter 13 Incentive-Based Strategies: 

Transferable Discharge Permits

An effluent tax requires that some central public authority establish a tax rate, monitor the performance of each polluter, and then collect the tax bills. It is essentially an interaction between polluters and public authorities in which we might expect the same type of adversarial relationship we get in any tax system. In this chapter we will take a look at a policy approach which, while incorporating economic incentives, is designed to work in a more decentralized fashion. Rather than leaving everything to a centralized public agency, it works through the decentralized market interactions of polluters themselves. It's called the system of "transferable discharge permits."

GENERAL PRINCIPLES

In a transferable discharge permit (TDP) system a new type of property right is created. This property right consists of a permit to emit pollutants. Each permit entitles its holder to emit one unit (kilogram, tonne, however the permit is calibrated) of the waste material specified in the right. Rights holders would ordinarily have a number of such permits at any point in time. If a discharger owned l00 permits, for example, it would be entitled to emit, during some specified period of time, a maximum of l00 units of the designated type of effluent. Thus, the total number of permits held by all sources puts an upper limit on the total quantity of emissions. These discharge permits are transferable; they can be bought and so1d among anybody allowed to participate in the permit market, at whatever price is agreed upon by the participants themselves.

A TDP program begins by a centralized decision on the total number of discharge permits to be put into circulation. These permits are then distributed among the sources responsible for the emissions. Some formula must be used to determine how many permits each source will receive; we will come back to this problem below. Again, an economist would advocate using social efficiency as the criterion for determining the number of permits chosen. Setting marginal damages equal to marginal abatement costs determines the optimal amount of emissions. The socially efficient TDPs then must specify this amount of emissions. Assuming that the total number of permits is less than current total emissions, some or all emitters will receive fewer permits than their current emissions.

Suppose, for example, that we have a TDP program to reduce the amount of sulfur emitted by a group of power plants. Current tota1 emissions are, say, l50,000 tonnes of sulfur per year, and policymakers have decided that this must be reduced to l00,000 tonnes/year. Let's focus on the situation of one of the power plants, which we suppose to be emitting 7,000 tonnes of sulfur currently. This plant is initially given 5,000 discharge permits. The plant manager now has three choices. The first is simply to reduce the emissions to the level covered by the number of permits the plant was initially given, or 5,000 tonnes/year. The second is to buy additional permits and emit at higher levels; for example, it might buy an additional l,000 permits, giving it a total of 6,000 permits. In this case it wou1d reduce its emissions from 7,000 tonnes to 6,000 tonnes/year. The third option is to reduce its emissions below the 5,000 tonnes for which it has permits and then sell the permits it doesn't need. For example, if it reduced its emissions to 4,000 tonnes, l,000 of its original allocation would not be needed; these could be sold.

It may not be obvious that the buying and selling of permits among polluters (and perhaps others) would lead to the distribution of total emissions among polluters in a way that satisfies the equimarginal principle. We can examine this with the help of Figure l3-l. Here we have pictured two polluters whose emissions are uniformly mixed together (we will treat the case of nonuniformly mixed emissions below). They have different marginal abatement costs; costs go up much more rapidly for B than for A as emissions are reduced. Assume that initially neither firm is controlling any of its emissions, so total emissions are 2l0 tonnes/year, l20 tonnes from A and 90 tonnes from B. Suppose we now wish to reduce total emissions by 50 percent, to l05 tonnes/year. We create l05 transferable discharge permits, each one of which entitles its possessor to emit l tonne/year. We distribute these permits to the two sources, using some agreed-upon allocation rule. Let's assume that each is allocated permits in proportion to its current emission rates. Thus, A gets 60 permits and B gets 45 permits in the original distribution.

Firm A will have to cut back to 60 tonnes/year and Firm B will have to reduce to 45 tonnes/year, unless they can agree to redistribute the permits among themselves through buying and selling. Suppose Firm B were to cut back to 45 tonnes; at this point its marginal abatement costs would be $4,000/tonne. If it could buy an extra discharge permit for some price less than $4,000, it would be better off because this would allow it to save the difference in abatement costs. Firm A's marginal abatement cost, on the other hand, would be $l,200/tonne if it reduces emissions in accordance with its original holding of 60 permits. If A could sell a permit for some price above $l,200, it would be better off because the revenue from the sale would more than cover the added abatement costs required to reduce its emissions by that unit. Thus, A would be willing to sell a permit for anything above $1,200 and B would be willing to buy a permit for anything below $4,000. Each would obviously be better off by trading the permit, at whatever price they could agree upon between these two extremes. A way of saying this is that there are "gains from trade" for these two polluters in trading a permit from A to B.
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FIGURE 13-1 How Transferable Discharge Permits Work.

After this trade, A will be emitting l tonne less, or 59 tonnes/year; and B will be emitting 1 tonne more, or 46 tonnes. But in this situation their margina1 abatement costs will still be different. As long as this is true, there will continue to be gains from trade for each of them through trading additional permits. Gains from trade would continue to exist and permits would continue to be traded until margina1 abatement costs are equalized. This occurs at emission levels of 40 tonnes for A and 65 tonnes for B. At this point Source A has reduced its holdings of discharge permits to 40 (the 60 permits it was initially awarded minus the 20 sold to B), while B has increased its holdings to 65 permits (45 from the original allocation plus the 20 bought from A). Note, however, that as long as the total number of permits in circulation is constant, total emissions will be constant. Of course, in the bargaining process between A and B it is unlikely that they would have proceeded just one permit at a time. More than likely they would have some idea of the prices for which permits could be bought and sold and the level of their marginal abatement costs, so they could trade blocks of permits for agreed-upon prices. But the essential point is that as long as marginal abatement costs are unequal between these sources, they can both become better off by trading permits at some price between these marginal abatement costs. Thus, in the trading of permits and the adjusting of emissions in accordance with their permit holdings, these sources would be led to an outcome that satisfies the equimarginal principle.

When a large number of firms is involved, the TDP system works in the same way, but trading patterns, of course, wil1 be more complicated. The initial distribution of emission rights will now include many firms, with many potential buyers and sellers. Exhibit l3-l shows a news clip about proposed transferable discharge permit systems, covering emissions of hydrocarbons and nitrogen oxides, in the Los Angeles area. About 2,000 sources are expected in the hydrocarbon market, and 700 sources in the NO. market. The expectation is that these markets can achieve emission-reduction goals at substantial savings in costs over traditional programs; the article mentions an estimated saving of $427 million in l994 alone. It also mentions concerns that some observers have about how effectively the markets will operate, especially considering the problems of monitoring emissions. We will discuss this below.
EXHIBIT 13-1

AQMD OFFICIALS PROPOSE POLLUTION RIGHT MARKET

Smog: Incentive Concept Would Let Emitters Direct Own Cleanup Efforts and, if Successful, Sell Excess Shares.

By Judy Pasternak, Times Staff Writer

After two years of studying the pros and cons, the staff of the South Coast Air Quality Management District on Wednesday recommended establishing a revolutionary "smog exchange" that would replace many of the agency's traditional stringent regulations with a trading market in pollution rights.

The prospect previously has generated dire warnings from environmentalists about gambling with public health and excited talk by industry about new freedom and economic relief for recession-weary businesses.

The AQMD staff believes a market would provide incentives to clean the air faster than under the current regulatory system, while saving industry hundreds of millions of dollars. The AQMD board must approve the concept for it to move forward. But if the go-ahead is given as expected in March, trading by 2,000 polluters could begin in 1994.

It would be by far the nation's largest experiment ever in using financial incentives to cut pollution. The progress of the market would be watched closely across the country.

The big question now is what form the "smog exchange" will take, and at a meeting of an AQMD advisory group Wednesday, the staff revealed its blueprint.

About 2,000 facilities that emit hydrocarbons and 700 that emit nitrogen oxides would be eligible to trade under the plan. Some facilities emit both pollutants.

In all, about 24,000 facilities send smog-forming pollutants into the region's air. About 17,000 are regulated by the AQMD. The staff proposal suggests exemptions beyond those for polluters that emit less than four tons of hydrocarbons or nitrogen oxides.

Although the hydrocarbon and nitrogen oxides markets would be separate, they would in essentially the same way; Polluters would be issued an initial number of shares, based on past emissions. Each share would be worth a pound of pollutant per month of per quarter—a detail yet to be decided.

Over the first 10 years, the value of each share would decline by 5.8% annually for hydrocarbons and by 8% for nitrogen oxides—In theory, forcing cleanup.

In exchange for their participation in the market, businesses would no longer be subject to about 40 existing or proposed AQMD rules that specify certain equipment or methods to reduce pollutants. They could meet their emissions target however they chose, giving them the flexibility they say they need.

Some businesses would benefit more from a market than others, according to an analysis by the AQMD staff. The analysis found that refineries, for example, would spend $253 million less in 1994 under a market than under the regulatory structure. But the furniture industry, which has complained bitterly about the cost of complying with regulations, would spend about $92 million more in a market than in the current system. Under regulations now in place, furniture makers are allowed an escape hatch if cleaner wood coatings are not developed. The market would require continued emissions reductions regardless of available technology.

Regionwide, the agency predicts, compliance costs under a market system would fafl by $427 million in 1994 alone.

Although environmentalists did not object to the nitrogen oxides market, they suggested postponing the market for hydrocarbons for two to three more years, saying it is too difficult to track those emissions.
  Source: Los Angeles Times, January 30, 1992.

In order for the equimarginal principle eventually to be satisfied in this case it is obviously necessary that a1l permit buyers and sellers be trading permits at the same price. What this requires is a single overall market for permits where suppliers and demanders may interact openly and where knowledge of transactions prices is publicly available to all participants. We can then expect that the normal forces of competition would bring about a single price for permits. The permits would in general flow from sources with relatively low to those with high marginal abatement costs. Although the example above shows how two sources would redistribute permits among themselves, we would expect that in markets with many sources participating, trading would continue in the future, because of the built-in incentive for polluters to look for better ways of reducing emissions and because of natural changes in a growing economy. We would also anticipate the development of standard market institutions—permit brokers and bankers, permit trading on stock exchanges, etc.—that develop on any market dealing with rights like this, giving us a fu1ly developed market in traded discharge permits, as pictured in Figure13-2. The demanders in this market would be new firms that wish to begin operations in the trading area or existing sources that wish to expand their operations and require more permits to cover expected increases in emissions. Supplies of permits would include firms 1eaving the area or going out of business, and most especially firms who have invested in better abatement techniques and now have excess permits to sell. In any particular year there would be a tendency for a market price to establish itself, such as p* in Figure l3-2, and for a certain number of permits to change hands, such as q* in the figure.

In recent years the idea of transferable discharge permits has become quite popular among some environmental policy advocates, as well as among policymakers themselves. Unlike effluent tax approaches, which basically make people pay for something they were once getting free, TDP programs begin by creating and distributing a new type of property right. These property rights will have a market value as long as the total number of permits created is limited. From a political standpoint it is perhaps easier for people to agree on a pollution-control policy that begins by distributing valuable new property rights than by notifying people they will be subject to a new tax. Of course, like any pollution-control policy, TDP programs have their own set of problems that have to be overcome if they are going to work effectively. What looks in theory like a neat way of using market forces to achieve efficient pollution reduction must be adapted to the complexities of the real world.
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FIGURE 13-2 A Market for Discharge Permits

The Initial Rights Allocation

The success of the TDP approach in controlling pol1ution depends critically on limiting the number of rights in circulation. Since individual polluters will no doubt want as many as they can get in the first distribution, the very first step of the program is one of potentially great controversy: what formula to use to make the original distribution of emission rights. Almost any rule wi1l appear to have some inequities. We might contemplate distributing them equally among all existing sources of a particular effluent. But this would encounter the problem that firms vary a lot in size. Some pulp mills are 1arger than others, for example, and the average size of pu1p mills, in terms of value of output, may be different from the average size of, say, soda bottling plants. So giving each polluter the same number of permits may not be fair at all.

We might allocate permits in accordance with the existing emissions of a source. For example, each source might get permits amounting to 50 percent of its current emissions. This may sound equitable but, in fact, it has built-in incentive difficulties. A rule like this does not recognize the fact that some firms may already have worked hard to reduce their emissions. One could easily argue that those firms who have already, out of a good conscience, or for any reason, invested in emission reduction, should not now be penalized, in effect, by receiving emission permits in proportion to these lower emission levels. This tends to reward firms who have dragged their feet in the past. It could go even further. If polluters believe that permits wi1l soon be allocated in this way, they may have the incentive to increase today's emission rate because this would give them a larger base for the initial allocation of permits.

Each allocation formula has its problems, and policymakers must find some workable compromise if the approach is to be widely accepted. Closely related to this issue is the question of whether the rights should be given away or perhaps sold or auctioned. In principle it doesn't matter as long as the permits get distributed fairly widely. Subsequent market transactions will redistribute them in accordance with the relative marginal abatement costs of polluters whatever the original distribution may have been. What a sale or auction would do, however, is transfer some of the original value of the rights into the hands of the auctioning agency. This might be a good way for public agencies to raise funds for worthy projects, but it has to be recognized that a p1an like this would create political objections. A hybrid system would be to distribute a certain number of permits free, and then auction some number of additional permits. Or a small surcharge might be put on permits in the original distribution.

Establishing Trading Rules

For any market to work effectively, clear rules must exist covering who may trade and the trading procedures that must be followed. Furthermore, the rules should not be so burdensome that they make it impossib1e for market participants to gauge accurate1y the imp1ications to them of buying or se1ling at specific prices. This implies a "hands-off' stance by public agencies after the initia1 distribution of the rights. Working against this is the normal tendency for environmental agencies to want to monitor the market closely and perhaps try to influence its performance. The supervising agency, for example, may want to have final right of approval over all trades, so as to be able to stop any trades it considers undesirable in some way. But this intervention in the permits market is likely to be counterproductive. The problem with this is that it is 1ikely to increase the uncertainty among potentia1 traders, increase the general level of transactions costs in the market, and interfere with the efficient flow of permits. The genera] rule for the public agency should be: set simp1e and clear rules and then allow trading to proceed.

One basic rule that would have to be established is who may participate in the market. Is this to be limited to polluters, or may anyone trade? For example, may environmental advocacy groups buy permits and retire them as a way of reducing total emissions? One's first reaction is to say that such groups ought to be permitted to buy permits, because that is evidence that society's willingness to pay for lower total emission levels exceeds the price of the permits, which should be the same as marginal abatement costs. This conclusion is probably valid if we are dealing with a local or regional environmental group whose membership is roughly coincidental with the trading area, and which has raised money specifically to buy discharge permits in that region. There may however be problems if large national advocacy groups were to use their resources to buy permits on a regional market for strategic or political reasons that do not reflect the willingness to pay of the people in the region.

These and other trading rules will have to be worked out for particular programs in particular circumstances. A body of common law governing discharge permit transactions will also develop over time. For the rest of this chapter we will deal with some of the important economic dimensions of these trading institutions.

Nonuniformly Mixed Emissions

Suppose we are trying to design a TDP program to control total airborne SO2 emissions in a region where there are numerous different sources, power plants, industrial plants, etc., scattered rather widely around the area. A schematic of this situation is depicted in Figure13-3. All the emission points are not equally situated relative to the prevailing wind or to the area of highest population density. Some sources are upwind, others are downwind, of the populated area. We assume they are not all equal in terms of marginal abatement costs, but neither are they equal in terms of the impact of their emissions on ambient SO2 levels over the populated area. They have different transfer coefficients linking their own emissions with damages in the urban area. Having distributed discharge permits we now allow them to be traded. As long as the number of permits in circulation is held constant, we have effectively controlled total SO2 emissions. But if we allow straight trading, unit for unit, of permits among all sources, the damage caused by that total could change. For example, if a downwind firm sold permits to an upwind firm, the total number of permits would remain the same but there would now be more emissions upwind of the population and, therefore, more damage.

The problem is similar to the one we encountered under uniform standards and the effluent tax policy; in effect each firm is differently situated relative to the damage area, so the emissions of each will have a different impact on ambient quality in that area. If the program were simply to allow trading of permits among all sources on a one-for-one basis, it could easily come to pass that a firm or group of firms with higher transfer coefficients, whose emissions therefore have a greater impact on ambient quality, could accumulate larger numbers of permits. One way to avoid this would be to adjust the trading to take into account the impacts of individual sources. Suppose the emissions from Source A were twice as damaging as the emissions of Source B simply because of the location of the two sources. Then the administrators of the program might set a rule that if Source A is buying permits from Source B, it must buy two permits to get one.
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FIGURE 13-3 Nonuniform Emissions and TDP Programs
If we extend this into a situation with many sources, things can quickly get very complicated. Authorities would have to determine, for each source, how many permits would have to be purchased from each other source in order for the purchasing source to be credited with one new permit. If there were five sources, the agency would have to figure out only l0 such trading ratios, but if there were 20 different sources, it wou1d have to estimate l90 of these ratios. One way around this would be to use a zoned system, ana1ogous to the zoned effluent charge we talked about earlier. Authorities would designate a series of zones, each of which would contain sources that were relatively similar in terms of their location and the impact of their emissions on ambient quality. Four such zones are shown in Figure13-3. We could then do one of two things: allow trading by firms only with other firms in the same zone, or make adjustments for all trades across zone boundaries similar to the technique discussed above. Thus, for example, if sources in Zone A were judged to have transfer coefficients twice the size, on average, as sources in Zone B, any trade between sources in these two zones would be adjusted by that same factor of two: Any firm in Zone A buying permits from any firm in Zone B would have to buy two permits in order to get credit for one new one; any source in Zone B would have to buy only half a permit from a firm in Zone A to get credit for one new permit.

TDPs and Problems of Competition

The question of allowing trading across zone boundaries or, on the contrary, restricting it to within zones has a much wider importance than might first appear. TDP programs work through a trading process, where buyers and sellers interact to transfer title to valuable property rights. Markets work best when there is substantial competition among buyers and among sellers; they work much less well if there are so few buyers or sellers that competitive pressures are weak or absent. In cases where there are few traders, one of them, or perhaps a small group, may be able to exercise control over the market, colluding on prices, perhaps charging different prices to different people, using the control of discharge permits to gain economic control in its industry, etc. From the standpoint of fostering competition, therefore, we would like to set our trading zones as widely as possible, to include large numbers of potential buyers and sellers.

But this may work against the ecological facts. In many cases there may be meteorological or hydrological reasons for limiting the trading area to a relatively narrow geographical area. If we are interested in controlling airborne emissions affecting a particular city, for example, we would probably not want to allow firms located there to trade permits with firms in another city. Or if our concern is controlling emissions into a particular lake or river, we could not allow sources located there to trade permits with sources located on some entirely different body of water. Thus, for environmental reasons we may want to have trading areas restricted, while for economic reasons we would want to have trading areas defined broadly. There is no magic rule to tell us exactly how these two factors should be balanced in all cases. We can only look at specific cases as they come up and weigh the particularities of the environmental features with the subtleties of the competitive conditions in the industries where trading will occur.

TDP Programs and Enforcement

The directly controlling aspect of a TDP program is that sources are constrained to keep their emissions at a level no greater than the total number of discharge permits in their possession. Thus an administering agency would essentially have to keep track of two things: the number of permits in the possession of each source and the quantity of emissions from each source. Since the initial permit distribution will be well known, the agency must have some way of keeping track of permit transactions among market participants. Trades could, in fact, become complicated with multiple buyers and sellers, and with different types of transactions like temporary rentals and long-term leases in addition to permanent transfers. Since permit buyers (or renters) would have a strong incentive to have their purchases revealed to the agency, and since all purchases imply sellers, a system of self reporting, coupled with modern means of information transfer, may be sufficient to provide reliable information on which sources have the permits.

As regards monitoring, the administrative agency must be able to monitor polluters to see whether emissions at each source exceed the number of permits it holds. If permits are expressed in terms of total emissions over some period of time, a means has to be available to measure cumulative emissions at each source. This is the same requirement as with an effluent tax. If there were reasonable certainty that emissions were fairly even throughout the year, authorities could get a check on cumulative emissions by making spot-checks of instantaneous rates. For most industrial sources of pollution, however, there is considerable daily, weekly, or seasonal variations in emissions, so more sophisticated monitoring would be required.

One desirable feature of TDP programs is that there may be an incentive for sources to monitor each other, at least informally. When, and if, some sources emit more than they have permits for, they are essentially cheating by not buying sufficient permits to cover all of their emissions. In effect this reduces the demand for permits below what it would otherwise be. And this has the effect of lowering the market price of permits. This clearly works against the interest of any firm holding large numbers of permits, which gives it an incentive to see that other firms don't cheat on emissions.

TDPs and the Incentive for R&D

One of our main criteria for judging an environmental policy is whether or not it creates strong incentives for firms to seek better ways of reducing emissions. Emission standards were weak in this regard, while emission taxes were much stronger. TDP programs in this respect are identical to the emissions tax, at least in theory. Consider the firm in Figure l3-4. Suppose that at present the firm's marginal abatement cost function is MACl. Emission permits sell for p each, and let us assume that this price is not expected to change. The firm has adjusted its holdings so that it currently owns el permits. Its emissions are therefore e1 and its total abatement costs are (a + b). The incentive to do R&D is to find a less costly way of controlling emissions, so the firm can cut emissions and sell the surplus permits. How much would it be worth to get marginal abatement costs shifted to MAC2? With MAC2, the firm wou1d shift to an emissions leve1 of e2. Its total abatement costs here would be (b + d), but it would be able to sell (el - e2) permits for a revenue of p(el - e2) = (c + d). The change in its position would thus be:

Total abatement costs with MACl - Total abatement costs with MAC2 + Receipts from TDP Sales

or (a + b) - (d + b) + (c + d). Check this with the savings under an effluent tax. It is exactly the same. The market price of the permit has the same incentive as a pollution tax; by not reducing their emissions, firms are foregoing the increased revenues they could have obtained by selling some of their permits.

[image: image21.jpg]- price of permits

Emissions {tonnes/year)




FIGURE 13-4 TDP and Technological Change

SUMMARY

Transferab1e discharge permits are being used more frequently in North America. Canada's implementation of the Montreal Protocol for chlorofluorocarbon elimination is a type of TDP. Several programs are already in place in the United States, for example, a TDP program for SO2 reduction among electric power producers. TDP programs are being contemplated in Canada for nitrogen oxide and volatile organic compounds. There is the expectation that this approach could give us pollution control at a substantially lower cost than the current system of performance and technology-based effluent standards, and also a sense that, politically, they would be more acceptable than emission taxes.

But TDP programs come with their own set of problems. Most especially, TDP programs take some of the burden of pollution control out of the hands of engineers and place it under the operation of a market. How that market operates is obviously critical to whether this type of policy will work. There is a host of important factors: who gets the permits at the beginning, the strength of their incentives to minimize costs, the degree of competition in the market, the transaction rules set by the administering public agency, the ability to monitor and enforce compliance, and so on. Nevertheless, the transferable discharge permit system seems to be an idea receiving a lot of attention.

  Both transferable discharge systems and emission tax systems seek to take the burden and responsibility of making technical pollution-control decisions out of the hands of central administrators and put them into the hands of polluters themselves. They are not, we should stress, aimed at putting pollution-control objectives themselves into the hands of the polluters. It is not the market that is going to determine the most efficient level of pollution control for society. Rather, they are means of enlisting the incentives of the polluters themselves in finding more effective ways of meeting the overall objective of reducing emissions.
