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Chapter 8

Benefit–Cost Analysis: Costs

The cost side of benefit–cost analysis is the subject of this chapter. The importance of accurate cost measurement has often been underestimated. It is a full half of the analysis, the results of which can as easily be affected by, for example, overestimating costs as by underestimating benefits. Opposition to environmental policies frequently centres on their estimated costs, which means that those doing benefit–cost analyses of these programs are well advised to get the cost estimates right. In this chapter we will first take up some general considerations about costs, then look at some specific issues and examples of cost estimation.

The Cost Perspective: General Issues

Cost analysis can be done on many levels. At its simplest, it focuses on the costs to a single community or firm of an environmental program, or of a single environmental project like a wastewater treatment plant, incinerator, or beach restoration project. The reason for calling these the simplest is that they usually proceed by costing out a definite engineering specification that has clear boundaries, and for which the “rest of the world” can rightly be assumed to be constant.

At the next level we have costs to an industry, or perhaps to a region, of meeting environmental regulations or of adopting certain technologies. Here we can no longer rely on simple engineering assumptions; we must do things like predict with reasonable accuracy how groups of polluting firms will respond to changes in laws on emissions or how they will respond to changes in recycling regulations. Problems will arise because not all firms will be alike—some are small, some large, some old, some new, and so on—and each of them will usually have many possible ways to react to regulations, involving many types of costs.

At a still higher level, our concern may be with the costs to an entire economy of achieving stated environmental goals. Estimating costs at the national level calls for an entirely different approach. Here everything is connected to everything else; when pollution-control regulations are imposed, adjustments will reverberate throughout the economy. As will be examined in detail in Sections 4 and 5, the form of regulations can have a big impact on the costs of achieving the target. In the following pages we will deal with cost estimation at these different levels.

Opportunity Costs

In economics the most fundamental concept of costs is opportunity costs. The opportunity cost of using resources in a certain way is the highest-valued alternative use to which those resources might have been put and which society has to forgo when the resources are used in the specified fashion. Note the word “society.” Costs are incurred by all types of firms, agencies, industries, and groups. Each has its own perspective, which will focus on those costs that impinge directly on them, but the concept of social opportunity costs includes all costs, no matter to whom they accrue.

The curve we are trying to estimate is of course the marginal abatement cost curve (MAC). This is the curve that policy-makers should use to design socially efficient (or cost-effective) policies. It is important to reiterate that the MAC curve reflects the social costs of reducing pollution. Each point on the curve represents the marginal cost to the polluter of reducing its emissions by one unit. The area under the curve represents the total costs of reducing pollution by whatever amount is specified and will represent forgone output, higher capital and operating costs, and costs of changing input mixes—in short, all of the real resource costs for reducing pollution. These are the social costs. While we generally think of polluters as being firms producing a good or service, remember that consumers can also be polluters. The principles are the same: real resource costs consumers incur to reduce the pollution they emit are a component of total abatement costs.

Sometimes items that a private group might consider a cost (for example, a tax) is not a cost from the standpoint of society. And, items that decision-makers do not consider costs really do have social costs. Suppose a community is contemplating building a bicycle path to relieve congestion and air pollution downtown. Its primary concern is what the town will have to pay to build the path. Suppose it will take $1-million to build it, but 50 percent of this will come from the provincial or federal government. From the town’s perspective the cost of the bike path will be a half million dollars, but from the standpoint of society the full opportunity costs of the path are $1-million.

When most people think of cost they usually think of money expenditure. Often the monetary cost of something is a good measure of its opportunity costs, but frequently it is not. Suppose the bike path is going to be put on an old railroad right-of-way that has absolutely no alternative use, and suppose the town must pay the railroad $100,000 for this right-of-way. This money is definitely an expenditure the town must make, but it is not truly a part of the social opportunity costs of building the path, because society gives up nothing in devoting the old right-of-way to the new use.

Environmental Costs

It may seem paradoxical to think that environmental protection programs might have environmental costs, but this is in fact the case. Most of our specific emissions-reduction programs are media-based; that is, they are aimed at reducing emissions into one particular environmental medium like air or water. So when emissions into one medium are reduced, they may increase into another. Reducing untreated domestic waste outflow into rivers or coastal oceans leaves quantities of solid waste that must then be disposed of—perhaps through land spreading or incineration. Reducing airborne SO2 emissions from power plants by stack-gas scrubbing also leaves a highly concentrated sludge that must be disposed of in some way. Incinerating domestic solid waste creates airborne emissions and waste heat.

Media switches are not the only source of environmental impacts stemming from environmental improvement programs. There can be direct effects; for example, sediment runoff from construction sites for new treatment plants or sewer lines. There can also be unforeseen impacts when firms or consumers adjust to new programs. Gasoline producers reduced the amounts of lead in their product, but, since consumers still insisted on high-powered performance, they added other compounds that ended up creating health and adverse environmental impacts. With the beginning of community programs to charge consumers for solid-waste disposal, some have been faced with substantial increases in “midnight dumping”; that is, illegal dumping along the sides of roads or in remote areas. These are examples of unintended consequences from projects or policies– impacts that need to be costed because they produce adverse environmental consequences.
Some of the potential environmental impacts from these public projects or programs can be mitigated: steps can be taken to reduce or avoid them. More enforcement resources can help control midnight dumping, extra steps can be taken to reduce construction-site impacts, special techniques may be available to reduce incinerator residuals, waste heat can be converted to electricity (and then the value of the electricity sold becomes an additional benefit), and so on. These mitigation costs must be included as part of the total costs of any project or program. Beyond this, any remaining environmental costs must be set against the overall reduction in environmental damages to which the program is primarily aimed.

No-Cost Improvements in Environmental Quality

Sometimes environmental improvements can be obtained at zero social cost, except the political cost of making the required changes in public laws or regulations; these are known as no-cost improvements. In virtually any type of political system, some laws and administrative practices are instituted primarily to benefit certain groups within society for political reasons, rather than to move toward economically efficient resource use or achieve deserving income redistributions. These regulations, besides transferring income to the favoured groups, often have negative environmental effects. Of course, changing these regulations may entail substantial private costs to the individuals affected. This may require some form of compensation for losses. Compensation for the introduction of environmental regulation or changes in other regulation is a topical and controversial issue at present.

Consider some examples of zero-social-cost changes. During the 1970s, the federal government introduced a two-price system for pricing oil and natural gas. The policy was designed to help Canadian energy consumers cope with the rapid increase in energy prices that occurred in the 1970s. Domestic prices for oil and natural gas were held below world prices. Energy consumers in Canada received a subsidy and no doubt were better off than they would have been had they faced the higher world prices. However, these subsidies slowed the Canadian economy’s adjustment to a world with higher energy prices. Canadians continued to consume more energy per capita than in any other developed nation, and today remain among the most energy-intensive consumers in the world.  Higher levels of energy consumption created more environmental problems than would have been the case had energy prices risen more quickly. These environmental effects range from significant Canadian ones such as increased air pollution and degradation of lands and water due to energy production, to global impacts created by greenhouse gas emissions. After the two-price system was abolished in the early 1980s, Canadian energy consumption per capita declined until the late 1980s. Final energy consumption per capita for residential and agricultural sectors declined by almost 6 percent from the period 1975–79 to 1980–84. The removal of the subsidy thus contributed to a reduction in adverse environmental impacts for a time after the policy changed.

There are many other examples like this. Agricultural subsidies in many developed countries have provided the incentive to develop intensive, chemical-based production methods, which has resulted both in increased agricultural output and in the nonpoint source water and air pollution to which these methods lead. Subsidies for land tillage have also led to the drainage and destruction of wetlands. Wetlands provide a large number of environmental benefits such as water purification and wildlife habitat. Subsidies to ethanol production from corn had many unintended consequences including greater land conversion to corn production with attendant environmental impacts to food shortages due to diversion of corn to fuel production. Reducing agricultural subsidies would increase national income and reduce the environmental impacts, though of course many farmers would be worse off.

Enforcement Costs

Environmental regulations are not self-enforcing. Resources must be devoted to monitoring the behaviour of firms, agencies, and individuals subject to the regulations, and to sanctioning violators. Public environmental facilities, such as wastewater treatment plants and incinerators, must be monitored to be sure they are being operated correctly.

There is an important application of the opportunity cost concept in the enforcement phenomenon. Many environmental laws are enforced by agencies whose budgets are not strictly tailored to the enforcement responsibilities they are given. Thus, budgets can be stable, or even declining, at the same time that new environmental laws are passed. Enforcing the new laws may require shifting agency resources away from the enforcement of other laws. In this case the opportunity costs of new enforcement must include the lower levels of compliance in areas that now are subject to less enforcement, diversion of government funds from other programs such as health care and education, or increases in taxes to pay for higher levels of environmental enforcement.

The With/Without Principle

There is an important principle that has to be kept in mind in this work. In doing a benefit–cost analysis of how individuals and firms will respond to new laws, we want to use the with/without approach and not the before/after approach. We want to estimate the differences in costs that polluters would have with the new law, compared to what their costs would have been in the absence of the law. This is not the same as the difference between their new costs and what their costs used to be before the law. Consider the following illustrative numbers, applying to a manufacturing firm for which a pollution-control regulation has been proposed:

Estimated production costs:

	Before the regulation:
	$100

	In the future without the regulation:
	$120

	In the future with the regulation:
	$150


It would be a mistake to conclude that the added costs of the pollution-control regulation will be $50 (future costs with the regulation minus costs before the law). This is an application of the before/after principle and does not accurately reflect the true costs of the law. This is so because in the absence of any new law, production costs are expected to increase (for example, because of increased fuel costs, unrelated to environmental regulations). Thus, the true cost of the regulation is found by applying the with/without principle. Here these costs are $30 (costs in the future with the regulation minus future costs without the regulation). Of course this makes the whole job of cost estimation harder because we want to know not historical costs of a firm or an industry but what its future costs would be if it were to continue operating without the new environmental laws.

Costs of Single Facilities

Perhaps the easiest type of cost analysis to visualize is that for a single, engineered project of some type. There are many types of environmental quality programs that involve publicly supported construction of physical facilities (although the analysis would be the same whatever the ownership), such as public wastewater treatment plants, of which hundreds of millions of dollars worth have been built over the last few decades. Other examples include flood-control projects, solid-waste handling facilities, hazardous-waste incinerators, beach restoration projects, public parks, wildlife refuges, and the like.

Facility-type projects such as these are individualized and substantially unique, though of course they have objectives and use technology that is similar to that used for many other projects. To estimate their costs, primary reliance is placed on engineering and technical specifications developed largely through experience with similar types of facilities.

Example: Projected costs of a wastewater treatment plant

Consider the simple example shown in Table 8-1. It gives the estimated costs of a new wastewater treatment plant for a small community. The plant is expected to use standard technology, as specified in the engineering plans for the treatment plant, collector lines, and other essential parts of the system. It will be built by a private firm but owned and operated by the town.

There are three types of construction costs: the treatment plant proper, conveyances, and sludge-disposal works. The latter refers to disposal of the solid waste produced at the plant. The waste materials extracted from the wastewater stream don’t just disappear; these heavily treated substances must be disposed of in some fashion. There are various ways of doing this (composting, land spreading, incineration). In the case of land spreading, the costs involve buying a large area of land on which the sludge will be spread and allowed to decompose and mix with the soil. The assumed life of the plant is 40 years. Some portions of the plant—for example, certain pieces of equipment—will wear out and have to be replaced during this period. The costs of this are listed under “replacement costs.” Additionally, certain parts of the plant and conveyance system are expected to have a salvage value at the end of the 40 years; these are shown in the last column. Note that allowances have been made for engineering work and construction contingencies. An estimate has also been included of the initial costs of some environmental mitigation activities.

Table 8-1: Projected Costs of a Small Wastewater Treatment Plant ($millions)

[CATCH REVISED TABLE 8-1]

Source: Adapted from U.S. Environmental Protection Agency and Wisconsin Department of Natural Resources, Environmental Impact Statement, Wastewater Treatment Facilities at Geneva Lake Area, Walworth County, Wisconsin, Washington, D.C., June 1984. Values in Table 8-1 have been adjusted to reflect realistic current costs.
Annual costs are divided into operation and maintenance (O&M) of the treatment plant, O&M of the pumping station, sludge disposal operation, and environmental costs. The latter includes certain mitigation costs together with some remaining, or unmitigated, environmental costs. The latter might refer, for example, to odour problems at the plant and on the sludge disposal lands. These are, in fact, environmental damages, which might be estimated, for example, with contingent valuation techniques.

The last section of Table 8-1 includes the present values of the costs, evaluated with a discount rate of 8 percent. Replacement costs are discounted to the present from the year in which they are expected to be required. Salvage values are discounted back from the end of the project’s life, in this case 40 years. These appear with negative signs because they act to lower the total cost of the project. The present value of annual environmental costs is also included.

With the exception of unmitigated environmental costs, these items are all expenditure figures, and only close inspection can tell if they represent true social opportunity costs. Suppose, for example, that in the construction phase a number of local unemployed people are hired. Although the construction costs include their wages, their opportunity costs might be negligible because society had to give up nothing (but the value of their leisure time) when they went to work on the plant. It might be that the land on which the plant is to be placed is town land that is to be donated. In this case there will be no specific cost entry for land, but there will be an opportunity cost related to the value the land could have had in its next best use. Suppose that the construction firm, because it is working on a public project, is able to get subsidized loans from local banks (i.e., borrow money at lower than market rates). Then the true opportunity costs of construction will be higher than the monetary costs indicated. There are no specific rules for making these adjustments; only knowledge of the specific situations can reveal when it is important enough to make them and where sufficient data are available to do the job. The key is to focus on measuring social costs after all adjustments have occurred in response to the policy or program, not private costs.

Costs of a Local Regulation

Environmental regulations are frequently enacted at the local level and affect local firms. In fact, in the political economy of pollution control, it is often the fear of these local impacts that deters communities from enacting the regulations. Fears of lost payrolls and the secondary losses to other firms less spending on local goods and services loom large at the local level; from a national perspective the opportunity costs are less severe.

Example: Integrated pest management for an orchard

Suppose in a particular small town there is a large apple orchard that provides substantial local employment. Suppose further that the orchard managers currently use relatively large applications of chemicals to control apple pests and diseases, and that the chemical runoff from this activity threatens local water supplies. Assume that the community enacts an ordinance requiring the orchard to practise integrated pest management (IPM), a lower level of chemical use coupled with other means to compensate for this reduction. Assume further, for purposes of illustration, that the IPM practices increase the costs of raising apples in this orchard.1 What are the costs of this regulation?

1. Various authorities and scientific studies suggest that some IPM practices can actually lower costs relative to chemical-intensive growing techniques.

If the orchard raises and sells the same number of apples it previously did, the true social opportunity costs of the regulation are the increased production costs. If local consumers are willing to pay somewhat higher prices for locally grown apples, some of this cost gets passed on to these consumers. (Question: Is the loss of consumer surplus a social cost of the project?) But suppose competitive conditions make it impossible for the orchard to sell its apples for any higher price than obtained before. In this case the higher production costs must be reflected in lower incomes of either the apple orchard owners themselves, or perhaps orchard workers if they will accept lower wages.

But suppose the orchard was just breaking even in that its economic profits were zero before the local IPM ordinance, and that the statute leads to such cost increases that production is substantially curtailed; in fact, assume for purposes of argument that the orchard goes out of business. It is socially efficient for them to do so because their social marginal costs (private marginal costs of production plus marginal damages from chemical use) exceed the marginal value of their output (given a constant price). Clearly there will be local costs: lost payrolls of orchard workers, lost income to the local orchard owners, lost income to local merchants because their markets shrink. But these lost incomes are not likely to be social opportunity costs in their entirety, unless the workers become permanently unemployed. Assuming they transfer to other job opportunities (this requires obviously that the economy is able to provide alternative employment), their new incomes will offset, at least partly, the lost incomes they had been earning previously. There may be certain valid opportunity costs in the form of adjustment costs, as workers and owners have to move to new places of employment.

What about the value of the apples no longer produced in this orchard? If we assume that there are many other orchards in neighbouring towns and other regions to take up the slack with essentially no cost increases, then this lost production is offset by their production. Consumer prices are stable, and the social opportunity costs of this marginal rearrangement of apple production are basically nil. Of course, if the orchards in the other regions are still using pollution-intensive techniques, the social costs of environmental degradation remain.

To summarize, when we are dealing with a single local ordinance affecting one firm and the economy is at or near full employment, ensuing resource adjustments ensure that social opportunity costs are small, limited to the costs of actually carrying out the adjustments. From the standpoint of the affected community, of course, costs will seem high, because of lost local incomes brought about by the increased apple production costs.2
2. It is often difficult for non-economists (and politicians) to grasp the notion that it can be in society’s interest for firms to go out of business. If they are unprofitable because an environmental regulation now requires them to incur pollution-control costs that they were getting for free (at society’s expense), society will be better off to have the polluter exit the industry.

Costs of Regulating an Industry

The conclusions in the previous example do not follow when we impose an environmental regulation on an entire industry. Higher production costs for the industry are true social opportunity costs, because they require added resources that could have been used elsewhere. But when we deal with whole industries, we can’t make the assumption, like we did with the single apple orchard, that its production could easily be picked up by the others.

Consider first the standard approach to estimating increased industry production costs, which is to measure the added expenditures that an industry would have to make to come into compliance with an environmental regulation. Cost estimation in this case requires the analyst to predict how polluters will respond to environmental regulations, and then to estimate the costs of this response. If the regulation is very specific, requiring for example that manufacturing firms install a certain piece of pollution-control equipment or that farmers adopt certain cultivation practices to avoid soil runoff, the cost estimation may be fairly straightforward. But if the regulation leaves the polluters considerable latitude in making their response, it may be hard to predict exactly what they will do and, therefore, what their costs will be.

Suppose, for example, a group of pulp mills are required to reduce their emissions by some percentage, and that a public agency wishes to estimate the impact of this on the production costs of the firms in the industry. In effect, the agency wants to estimate the aggregate marginal abatement cost function for this group of firms. To do this with reasonable accuracy, the agency has to know enough about the pulp business to be able to predict how the firms will respond, what treatment techniques they will use, how they might change their internal production processes, and so on. Or suppose we wanted to estimate the costs among farmers of a ban on a certain type of pest-control chemical. We would need to know what alternatives farmers had available to replace this chemical, what impacts this would have on yields, how much additional labour and other inputs they would use, and so on. We don’t often have all this information in the detail we would like. The example below illustrates the kinds of data that are available.

Example: Canadian pulp and paper regulation

The Canadian pulp and paper industry has undergone major changes because of environmental regulation. An important industry to many regions of the country, more stringent regulation has been imposed at the federal and provincial levels. As well, the industry has felt the impact of recycling legislation in the United States (and proposed for Canada) that requires particular percentages of recycled fibre in newsprint and other paper products.

Regulations require pulp and paper companies to modify their capital stock and operating procedures, incurring expenditures that could be quite large. Statistics Canada has examined the cost to the industry of complying with the 1992 federal regulations.3 The study looks at the how the age of the mill affects potential expenditures; whether compliance costs vary with type of treatment facility, by region, capacity, profitability, and other characteristics of firms in the industry. As is true of most studies of regulatory impacts, there were too many firms in the industry to do a technical study of each one. A common way of addressing this problem is to estimate costs for the “average” or “representative” or “model” plant, one that corresponds to typical operating conditions in the industry but not to any particular plant. But in this case, as in most cases, the size and technical heterogeneity of plants in the industry made it necessary to specify a number of representative plants, each of which corresponded to one portion of the firms in the industry. Abatement costs are shown in Table 8-2 for six different plant sizes, where “size” is given by the capacity in tonnes of output per day from the plants in each group. The first row shows the number of plants in each size class. Note that the majority of plants are in the 300 to 620 tonnes per day category, with the second highest number in the largest category (more than 1,000 tonnes per day) .

3. See Craig Gaston, “Pulp and Paper Industry Compliance Costs” in Statistics Canada, National Accounts and Environment Division, Environmental Perspectives 1993, Studies and Statistics, Catalogue No. 11-528E, March 1993.

Table 8-2: Estimated Costs of Compliance with 1992 Federal Pulp and Paper Regulations (2010 Dollars)

[CATCH REVISED TABLE 8-2]
The first section in the table shows investment costs needed to install the new equipment that will allow the firms to reduce their emissions flows. These are the “upfront” investment costs of new buildings, equipment, and the land to put them on. The second part of the table shows annualized costs. These are operating costs that include conventional items like energy, labour, and materials, and also the annualized investment costs. In the waste treatment plant example above, we aggregated discounted annual operating costs and added these to initial investment costs to get the present value of total costs. The other way of adding initial investment costs and annual operating costs is to “annualize” the investment costs; that is, spread them out over the years of life that the investments are assumed to have. This is done in Table 8-2. Annualized investment costs consist of two parts: the opportunity costs of the capital, and depreciation. The former is the forgone return that one could earn if the investment were made in some other industry. Depreciation is the cost associated with the progressive using up of the equipment and buildings over their useful life.

Total annual costs are shown for each of the representative plants. If we wanted to have an estimate of the total costs of meeting the emission standard for the entire industry, we could calculate a weighted total:

	Size of Firm
	Annual Costs
	Number of Firms
	Total Costs

	(Tonnes/day capacity)
	($ millions)
	
	($ millions)

	Under 200
	2.4
	4
	 9.4

	200–300
	3.6
	8
	 28.9

	300–600
	7.1
	34
	241.0

	600–800
	12.5
	9
	 112.6

	800–1,000
	9.3
	14
	 130.4

	More than 1,000
	12.8
	17
	217.4

	
	
	
	

	Total costs
	
	
	739.8


Thus, the anticipated total annual cost of the pulp and paper industry to meet the emission-reduction standards is $739.8-million (in 2010 dollars). We reiterate that these costs do not capture all the social opportunity costs of the regulation that should be included in the MAC curve estimation. The example illustrates the type of cost data that are typically available. For example, the data have no estimate of the public enforcement resources that are required if we expect to get large-scale compliance by the regulated firms. Table 8-2 contains nothing about these costs (and other non-measured social costs), but in a full social benefit–cost analysis, they would obviously have to be included. Unfortunately, no follow up study has been done to see how costs have changed over time. Statistics Canada reports that for paper manufacturing in 2006, total pollution abatement and control expenditures were $21.3 million and $9.5 million was spent on waste management and sewerage services. New Footnote #1  
New Footnote #1: Statistics Canada, Environmental Protection Expenditures in the Business Sector, 2006.  Catalogue No. 16F0006X.  Available on the Statistics Canada website:  www.statcan.gc.ca.
Sources of Cost Data

Where does one get the cost data necessary to construct representative firms as shown in the example? Data can be generated through cost surveys of existing firms. In effect, questionnaires are sent out to these firms, asking them to supply information on number of employees, processes used, costs of energy and materials, and so on. With a sufficiently detailed questionnaire and a reasonably high response rate by firms, researchers can get a good idea of basic cost conditions in the industry and how they might be affected by environmental regulations.

 Look to see if STC has anything in its environmental accounts/reports.One problem with cost surveys is that they are usually better at getting information on past cost data than on future costs under new regulations. Firms can probably report past cost data with more reliability than they can estimate future costs of meeting environmental constraints. Historical data may not be a good guide to the future, especially since environmental regulations almost by definition confront firms with novel situations. In these cases it is common to supplement survey data with technical engineering data that can be better adapted to costing out the new techniques and procedures that firms may adopt.

The “representative firm” approach, while dictated by the large number of firms in an industry, has its own problems, especially when those firms are substantially heterogeneous among themselves. In following this procedure all researchers run into the problem of whether costs of the real plants in the industry, each of which is to some degree unique, can be accurately represented by a composite cost estimate. Government agencies have to be particularly careful if regulations will be based on these estimates. They do not want to incur legal and/or political problems that could arise if individual firms argue that their own unique cost situations are misrepresented by the figures for the “representative” firm. This has been a problem in the United States.4

4.Unfortunately there are very few estimates of actual MAC curves for a particular pollutant and its sources. The problem, as the pulp and paper example illustrates, is the lack of data on all the social costs incurred by the polluters and affected parties. Companies are very reluctant to give their confidential data to environmental economists for a number of reasons, not the least of which is that this information may become public and put the company at a competitive disadvantage. As with benefit estimation, this means that economists must often impute costs, rather than measure them directly. Examples are given of MAC estimates for controlling greenhouse gases in Chapter 20.
Misrepresentation of Costs

Surveys are also problematic because they rely on accurate responses. If firms know that the results of the survey are to be used in developing an environmental control program, there is clearly a question whether these firms will supply accurate data. By overstating the costs of reaching certain reductions in emissions, firms may hope to convince agencies to adopt weaker regulations than they would if the agencies had an accurate idea of costs. Or they may substantially understate their current emissions, which would lead administrators to think that they are higher up on their MAC curve, facing higher marginal abatement costs than they really do. An overestimate of the costs of achieving particular emission standards (given an upward-sloping marginal abatement cost curve) may lead regulators to impose less stringent regulations. The issue of misrepresentation will come up numerous times when we examine the incentives surrounding different types of environmental policies.

Actual vs. Minimum Pollution-Control Costs

The costs shown in Table 8-2 show the estimated costs of the pulp and paper industry meeting the federal environmental standards imposed by law. There is an important question of whether these costs are the least costs necessary to achieve the emission reductions sought in the law. This is an important point because, as we saw in Chapter 5, the efficient level of emissions or ambient quality is defined by the trade-off of emission abatement costs and environmental damages. If abatement costs used to define the efficient level are higher than they need to be, the point so defined will not be the “true” efficient outcome.

When there is a single facility involved, we must rely on engineering judgment to ensure that the technical proposal represents the least costly way of achieving the objectives. When what is involved is an entire industry, both technical and economic factors come into play. We saw earlier that in order for the overall costs of a given emission reduction to be achieved at minimum cost, the equimarginal principle has to be fulfilled. Frequently, environmental regulations work against this by dictating that different sources adopt essentially the same levels of emission reductions or install the same general types of pollution-control technology. As we will see in later chapters, many environmental laws are based on administratively specified operating decisions that firms are required to make. These decisions may not lead, or allow, firms to achieve emission abatement at least cost. Thus, industry costs such as those depicted in Table 8-2 may not represent minimum abatement costs.

Figure 8-1: Computing Social Costs in Industries Subject to Pollution Control Regulation
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The adjustment of two industries to the introduction of an environmental regulation that raises each industry’s costs from C1 to C2 is shown. If output did not adjust in response to the regulation, increased costs are shown by areas (a + b + c) in the panel (a) and (d + e + f) in panel (b). But, output falls because demand must equal the new supply curve, C2. Output falls more in industry B because its demand curve is flatter than that of industry A. Costs to society are (a + b) in panel (a) and (d + e) in panel (b). These represent the loss in consumer surplus due to the policy.

There is no easy way out of this dilemma. If one is called on to do a benefit–cost analysis of a particular environmental regulation, one presumably is committed to evaluating the regulation as given. But in cases like this it would no doubt be good policy for the analyst to point out that there are less costly ways of achieving the benefits.

The Effect of Output Adjustments on Costs

The increase in abatement expenditures may not be an accurate measure of opportunity costs when an entire industry is involved. This is because market adjustments are likely to alter the role and performance of the industry in the wider economy. For example, when the costs of a competitive industry increase, the price of its output increases, normally causing a reduction in quantity demanded. This is pictured in Figure 8-1, which shows supply and demand curves for two industries. For convenience the supply curves have been drawn horizontally, representing constant marginal production—costs that do not vary with output. Remember that what we want to measure is the social costs of the policy.

Example: Computing the social costs of an environmental policy in two industries

Consider the first panel (a) in Figure 8-1. The initial supply function is assumed to be the same in both industries with marginal costs, C1 = 30. Industry A faces an inverse demand curve given by: P = 90 – 1.5QA. The initial quantity produced is Q1 = 40.5 The pollution-control law causes production costs to rise, represented by a shift upward in supply from curve C1 to C2, where C2 = 45. Suppose we calculate the increased cost of producing the initial rate of output. This would be an amount equal to the area (a + b + c) = $600 for industry A. In panel (b), the industry’s inverse demand curve is P = 60 – .5QB. When faced with the same regulation, its comparable cost increase is (d + e + f) = $900. But this approach to measuring costs focuses on private costs and will overstate the social costs, because when costs and prices go up, quantity demanded and output will decline. What we want to measure is the changes in producer plus consumer surplus after the change in output.

5. The equilibrium can be found graphically or algebraically by setting supply (C1) = demand. 50 = 90 – 1.5Q, so Q = 40. When the cost curve shifts, we find the new equilibrium in the same fashion, setting C2 = demand.

How much output declines is a matter of the steepness of the demand curve. In panel (a), output declines only from 40 to 30 units. But in panel (b), with the flatter demand curve, output will decline from 60 to 30 units, a much larger amount.

The correct measure of the cost to society is (a + b) = $525 in panel (a) and (d + e) = $675 in panel (b). Why is this? These areas represent the change in producer plus consumer surplus. In this example there is no producer surplus because the marginal cost curves are horizontal. Producers are no worse off after the policy because prices rise to cover their marginal costs of production. The lost output (Q2 – Q1) is not a social cost because the resources freed up in these industries will go to work elsewhere in the economy to produce goods and services. Areas (a + b) and (d + e) are the loss in consumer surplus due to the policy. Consumer surplus falls because the price of the good rises. This makes consumers worse off and is a social cost.6

6. But recall that this is only half of the picture. These figures measure only the costs of the policy, not the benefits in the form of higher environmental quality. We’d have to use one of the techniques discussed in Chapter 7 to measure these environmental benefits to get the net benefits for consumers.

The Incidence of Cost Changes

The example above illustrates that social costs of an environmental policy may be borne by someone other than polluter. The term incidence means who actually ends up paying the costs. Firms in the affected industries bear these costs in the beginning, but the final burden depends on how the cost increase is passed forward to consumers or backward to workers and shareholders. This, in turn, depends on demand and supply curves. Note that in both panels (a) and (b) the market prices of the goods increased by the amount of the cost increase. But the response is quite different. In panel (a) consumers continue buying close to what they did before; little adjustment is called for in terms of output shrinkage in the industry. Thus, workers and shareholders in this industry will be less affected, in relative terms. In panel (b) the same price increase leads to a large drop in output, from 60 to 30 units. The demand curve indicates that consumers have good substitutes to which they can switch when the price of this output goes up; in effect, they can escape the full burden of the price increase. On the other hand, the industry adjustment is large. Resources, particularly workers, will have to flow out of the industry and try to find employment elsewhere. If they can, the costs may be only temporary adjustment costs; if not, the costs will be much longer run.

Long-Run Adjustments

In the foregoing example, cost estimation required that we predict the effect of emission-control regulations on a group of existing firms, most of which were expected to continue operating in the future. But environmental regulations could have long-run effects on the very structure of an industry; that is, on the number and size of firms. In this case, long-run prediction requires that we be able to predict these “structural” changes with some accuracy. Some examples help illustrate the potential effects of regulation on industry structure. These examples suggest that industries will not remain static in their structure as a result of environmental regulation. The very nature of the industry may also change. Regulation may eliminate the production of certain products and stimulate others. We see that to analyze the impact of environmental policy we will want to study the economics of the industry, or potential industry, that will develop in response to the regulations.

Example 1: Effects of pollution regulation on industrial structure

One study looks at the effect of pollution intensity on industrial structure.7 Pollution intensity of an industry is measured by the ratio of pollution abatement and control expenditures to value added in the industry. The variables examined were changes in the number of plants, the average size of the plant, and other measures of industrial structure. The sample consisted of industries that were pollution-intensive compared to industries with less pollution per unit output. The study found that pollution-intensive industries grew faster over the period 1958 to 1972 than did industries with lower pollution expenditures. However, the pollution-intensive industries had a decrease in the number of plants operating. This means that average output per plant must have risen; that is, plant size had risen. These are the types of changes one might expect with regulation. Another study looked at just one industry—pulp and paper mills in the United States—to see if pollution abatement requirements increased the minimum efficient scale in the industry.8 If an industry has a large minimum efficient scale of operation, if may make it difficult for new plants to enter. The industry will thus be less competitive than one with a lower minimum efficient scale. While there were some statistical difficulties with the study, it was found that the minimum efficient scale did increase as the stringency of the pollution regulation rose.

7. See B. P. Pashigian, “The Effect of Environmental Regulation on Optimal Plant Size and Factor Shares,” Journal of Law and Economics 27 (1984): 1–28.

8. See R. W. Pittman, “Issues in Pollution Control: Interplant Cost Differences and Economies of Scale,” Land Economics 57 (1981): 1–17.

Example 2: Technological change and environmental regulation

When firms are subject to emission reduction requirements, they have an incentive to engage in research and development (R&D) to find better emissions abatement technology. There is some evidence that this may draw resources away from output-increasing R&D efforts, thereby affecting the firm’s ability to reduce costs in the long run. There is also evidence, however, that environmental regulations have led to unanticipated, marketable products or processes stemming from their research. Some studies have even shown that after investing in pollution-control R&D some firms have reduced their long-run production costs. In cases such as this the short-run cost increases arising from pollution-control regulation are not accurate estimates of the long-run opportunity costs of these regulations.
Critical to the success of any effort to innovate in pollution-control technology is the economic health of the “envirotech” industry. This is the industry consisting of firms producing goods and services that are used by other firms to reduce their emissions and environmental impacts. It also contains firms that are engaged in environmental cleanup, such as the cleanup of past hazardous waste dump sites. A strong envirotech industry is one that produces a brisk supply of new pollution control technology and practices. The growth of this industry over time will have a lot to do with how fast marginal abatement costs come down in the future.

The total supply of environmental goods and services in Canada in 2008 was $4.1-billion, of which just under $2.3 billion was for goods and the balance for environmental services. Canada also exported approximately $1billion worth of environmental goods and services in that year, most of these to the United States.10

10. Statistics Canada (2010) The Daily,  http://www.statcan.gc.ca/daily-quotidien/100628/dq100628b-eng.htm, June 10, 2010, accessed August 21, 2010.
Costs at the National Level

The most aggregative level for which cost studies are normally pursued is the level of the national economy. The usual question of interest is the extent of the macroeconomic cost burden of the environmental regulations a country imposes, or might be planning to impose, in a given period of time. Sometimes interest centres on the totality of the regulations put in place. Sometimes the focus is on specific regulations that will nevertheless impact broadly on a national economy, such as a program for reducing CO2 emissions.

Considered as a single aggregate, an economy at any point in time has available to it a certain number of inputs—labour, capital, equipment, energy, materials, and so on—that it converts to marketed output. Suppose the firms in the economy are subject to a variety of environmental regulations requiring them, or inducing them, to devote a portion of the total inputs to reductions in emissions. Marketed output must go down (assuming full employment) because of the input diversion. By how much will it drop? There are two answers to this, one applicable to the short run and the other to the long run.

In the short run, marketed output must drop because a portion of total resources is devoted to pollution control rather than to the production of marketed output. But if we simply add up the pollution-control expenditures made by all the industries subject to environmental controls, we may not get an accurate picture of how these controls are affecting the national economy. Expenditures for plant, equipment, labour, and other inputs for reducing emissions can affect other economic sectors not directly covered by environmental regulations, and macroeconomic interactions of this type need to be accounted for to get the complete picture. An industry subject to environmental controls and trying to lower its emissions puts increasing demand on the pollution-control industry, which expands output and puts increasing demands on other sectors—for example, the construction sector, which responds by increasing output.

Another economy-wide adjustment is through prices. Increased pollution-control expenditures lead to increased prices for some items, which leads to reductions in quantity demanded, which leads to lower outputs in these sectors and thus to lower production costs. Total employment will also be affected by pollution-control expenditures. On the one hand, diverting production to pollution control will lower employment needs in the sector producing marketed output. On the other, it will increase employment in the pollution-control industry. So the net result cannot be predicted in the absence of relatively sophisticated macroeconomic modelling.

In the long run, more complicated macroeconomic interactions are at work. Long-run economic change—growth or decline—is a matter of the accumulation of capital: human capital and inanimate capital. It also depends on technical change, getting larger amounts of output from a given quantity of inputs. So an important question is how environmental laws will affect the accumulation of capital and the rate of technical innovation. Diverting inputs from conventional sectors to pollution-control activities lowers the rate of capital accumulation in those conventional sectors. This can be expected to reduce the rate of growth of productivity (output per unit of input) in the production of conventional output and thus slow overall growth rates. The impacts on the rate of technical innovation in the economy are perhaps more ambiguous, as mentioned above. If attempts to innovate in pollution control reduce the efforts to do so in market production, the impact on future growth could be negative. But some people think that efforts to reduce emissions can have a positive impact on the overall rate of technical innovation, which would have a positive impact. Needless to say, the last word on the matter has not yet been spoken.

The standard way to proceed in working out these relationships is through macroeconomic modelling. Mathematical models are constructed using the various macroeconomic variables of interest, such as total output, perhaps broken down into several economic subsectors: employment, capital investment, prices, pollution-control costs, and so on. The model is then run using historical data, which show how various underlying factors have contributed to the overall rate of growth in the economy. Then the model is rerun under the assumption that the pollution-control expenditures were in fact not made. This process comes out with new results in terms of aggregate output growth, employment, and so on, which can be compared with the first run. The differences are attributed to the pollution-control expenditures. In the end though, the macro models are still measuring the same sort of social costs that are illustrated by simpler models.

Summary

In this chapter we examine some of the ways that costs are estimated in benefit–cost studies. We began with a discussion of the fundamental concept of social opportunity costs, differentiating this from the notion of cost as expenditure and from private costs. We then looked at cost estimation as it applied to different levels of economic activity. The first was a cost analysis of a single facility, as represented by the estimated costs of a wastewater treatment facility. We then considered the costs of an environmental regulation undertaken by a single community, distinguishing between costs to the community and opportunity costs to the whole society.

We then shifted focus to cost estimation for an entire industry. We put special attention on the difference between short-run and long-run costs and the problem of achieving minimum costs. We finally expanded our perspective to the national economy as a whole, where cost means the loss in value of marketed output resulting from environmental regulations.
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Analytical Problems

1.
A wastewater treatment plant is built for a city, thereby improving the water quality in a nearby river. The city has two sites it is considering for the plant. The first is a site (site A) that has been owned by the city for five years. The city initially paid $100,000 for the site. The current market value of the site is $200,000. Site B is land the city would have to purchase for $150,000. Which site should they choose?

2.
In the model shown in Figure 8-1, compute the loss of producer and consumer surplus from the regulation if the supply curves (marginal costs) are upward-sloping. Let MC = .5Q. Graphically illustrate the effect of the regulation and illustrate the change in consumer and producer surplus on the graph. What would happen if MC = 10 + .5Q?

3.
Review again the example of the orchard and the introduction of an integrated pest management program. Illustrate the various scenarios described using a graphical model; that is, show what happens to producer and consumer surplus, prices, costs, and so on (in qualitative terms). Is it in society’s interest to have the orchard shut down completely?

Discussion Questions

1.
In the local apple orchard problem, suppose the cessation of production by the orchard led to much more land being put on the local market, producing a drop in local land prices. Is this reduction in the value of land in the community a part of the social opportunity cost of the IPM regulation? Support your answer with a graphical analysis.

2.
An economic analyst for an environmental agency has to take two hours off work to attend a public hearing on the siting of a new toxic waste dump. The analyst is paid $20 per hour. If she is not paid for the two hours, what is the social opportunity cost of her attendance at the meeting? If she is paid for the two hours off work, what is the social opportunity cost?

3.
An environmental regulation results in the closing down of many firms in an industry, leaving just two or three dominant firms. How might this affect the long-run costs of the regulation?

4.
Why are changes in a polluting firm’s accounting profits not likely to be a good estimate of the social opportunity costs of an environmental policy?
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