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Chapter 4

Economic Efficiency and Markets

This chapter has several objectives. First is to develop the notion of economic efficiency as an index for examining how an economy functions and as a criterion for judging whether it is performing as well as it might. Economic efficiency is a simple idea but one that has much to recommend it as a criterion for evaluating the performance of an economic system or a part of that system. But it has to be used with care. Does a market system, left to itself, produce results that are economically efficient? A single firm or group of firms may be judged efficient when examining private costs and benefits from operations. Yet, to evaluate the social performance of these firms, we must use the idea of economic efficiency in a wider sense. It must include all of the social values and consequences of economic decisions, in particular environmental consequences. It is also important to discuss the relationship between economic efficiency and equity.

The second task is to address the question of whether a market system, left to itself, can produce results that are socially efficient. Social efficiency means that all markets operate without any distortions, including the kind that generate pollution. We examine the sources of environmental market failures that can prevent markets from achieving social efficiency. This leads into the next chapter, where we examine the policy question; that is, if the economy is not socially efficient, and environmental problems emerge, what kinds of public policy might we use to correct the situation?

Economic efficiency is a criterion that can be applied at several levels: to input usage and to the determination of output levels. We concentrate on the second of these because ultimately we want to apply the concept to the “output” of environmental quality. There are two questions of interest:

(
What is the quantity that ought to be produced?

(
What is the quantity that is produced in fact?

The first question deals with the notion of efficiency, the second with the way markets normally function.

Economic Efficiency

In the preceding chapter, we looked at two relationships: that between the quantity of output and willingness to pay, and that between output and marginal production costs. Neither of these two relationships alone can tell us what is the most desirable level of output from society’s standpoint. To identify this output level, we must bring these two elements together.

The central idea of economic efficiency is that there should be a balance between the marginal benefits and marginal costs of production.

Efficiency must also have a reference point. What is “efficient” for one person, in the sense of balancing his or her own costs and benefits, may not be “efficient” for somebody else. We want to have a concept of efficiency that is applicable to the economy as a whole. This means that when we refer to marginal costs we must include all the costs of producing the particular item in question, no matter to whom they accrue and whether or not these costs have a market-determined price. When we talk about marginal willingness to pay, we must insist that this represents accurately all of the values that people in the society place on the item, including any non-market values. This does not necessarily mean that all people will place a value on all goods, it means only that there are no missing sources of value.

Social efficiency requires that all market and non-market values be incorporated into the marginal benefits and marginal costs of production. If this is the case, social efficiency is obtained when marginal benefits equal marginal costs of production.

How do we identify the rate of output that is socially efficient? We can analyze this graphically and algebraically by bringing together the two relationships discussed in the last chapter. In Figure 4-1, for the good in question we picture the aggregate demand/marginal willingness-to-pay curve (MWTP) and the aggregate supply/marginal cost curve (MC). Chapter 3 covered the derivation of these curves. A socially efficient equilibrium occurs at the output level where the MWTP = MC. The figure shows that the equilibrium output is 40 units with an equilibrium MWTP (price) of $20.

The socially efficient equilibrium can also be found algebraically. The example on page 68
 illustrates.

The equality of marginal willingness to pay and marginal production cost is the test for determining if output is at the socially efficient level. There is another way of looking at this notion of efficiency. When a rate of output is at the socially efficient level, the net social value, defined as total willingness to pay minus total costs, is as large as possible. In fact, we can measure this net value on Figure 4-1. At QE of 40, the total willingness to pay is equal to an amount corresponding to the area under the marginal willingness-to-pay curve, from the origin up to QE. This area consists of the sum of the three sub-areas: a + b + c. Total cost, on the other hand, consists of the area under the marginal cost curve, or area c. The net social value is (a + b + c) minus area c, which equals area (a + b).

Figure 4-1: Determining the Socially Efficient Level of Output
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Equating MWTP to MC yields the socially efficient equilibrium. The equilibrium quantity (QE) is 40 units with a MWTP of $20 for that amount. The socially efficient equilibrium maximizes the social surplus, areas a plus b, which is derived from the difference between total WTP and total cost.

Example: How to solve for the socially efficient level of output algebraically

1.
To solve for a socially efficient equilibrium, specify equations for MWTP and MC. Let QD be the quantity of a good demanded and QS the quantity supplied. The equations are assumed to be linear to facilitate calculations. Let


MWTP = 100 – 2QD

MC = .5 QS
2.
The equilibrium values are found algebraically by setting MWTP equal to MC and solving first for the equilibrium quantity, where QD = QS = QE, where QE is the equilibrium quantity.


100 – 2QE = .5QE

QE = 40

3.
The equilibrium MWTP can be found by substituting QE into either the MWTP or MC equations:


MWTP = 100 – 2(40) = $20

There are a number of names for areas ( plus b. This is called the net social value or net benefits or the social surplus.1 At any other quantity the corresponding value of total willingness to pay minus total production costs will be less than this area ( + b. (The analytical problems at the end of this chapter will ask you to prove this statement.)

1 In Chapter 6, the net social surplus will be linked to the concepts of consumer and producer surplus.

Numerical computation of the net social value

1.
Compute area a: Area a is a triangle with base equal to 40 and height of 80. Area a equals 1/2 (40 times 80) = $1,600.2
2 Recall from Chapter 3 that we find the intercept of the MWTP curve by setting QD = 0 in the MWTP equation.

2.
Compute area b: Area b is another triangle with base 40 and height 20, for a total value of $400.

3.
Add area (a + b) = $1,600 + 400 = $2,000 = net social value.

4.
There is no need to compute area c because it nets out of the equation:


Net social value = (a + b + c) – (c) = (a + b).

Questions to think about (and solve) for this example

1.
What would happen to the socially efficient equilibrium and net social value if MWTP = 200 – 2QD? If MC became doubled to MC = QS?

2.
Who gets the social surplus and why is it a surplus?

The models we examine in this book deal with economies at a point in time. While we discuss intertemporal aspects of environmental issues, developing models to explicitly address these effects is beyond the scope of the book. Efficiency in our models is static efficiency. That is, it deals with markets and actions at a point in time. Dynamic efficiency looks at the allocation of resources over time. While the two concepts both involve equating marginal benefits to marginal costs, dynamic efficiency will be more complex because intertemporal trade-offs involve questions of depletion of environmental capital stocks, irreversibilities, whether or not to discount future values, and so on.3
3 The concept and use of discounting is discussed in Chapter 6.

Efficiency and Equity

From the standpoint of society at large, production is at an efficient level when marginal benefits equal marginal production costs; that is, when net benefits are maximized, no matter to whom those net benefits accrue. Efficiency doesn’t distinguish among people. A dollar of net benefits to one person is considered to be worth a dollar to anybody else. The term Pareto optimality refers to an equilibrium for which a stronger statement about the well-being of individuals can be made. A Pareto optimal equilibrium is one in which it is impossible to make any person better off without making someone else worse off. A Pareto optimum is an efficient equilibrium. An efficient equilibrium may be a Pareto optimum, depending on the economy’s starting point. The status quo, or where the analysis starts, will have a bearing on whether an efficient equilibrium satisfies the Pareto optimality criterion. We tackle this issue in Chapter 10.

In the real world, an equilibrium may be efficient but there is no explicit market mechanism by which the winners can compensate the losers. This is why the distribution of income and wealth is a concern to economists. An outcome that benefits very rich people at the expense of poor people would be regarded by most people as inequitable. Which is simply another way of saying that an outcome that is efficient in the above sense need not be equitable in practice.

Equity is tied closely to the distribution of wealth in a society. If this distribution is regarded as essentially fair, then judgments about alternative output levels may justifiably be made using only the efficiency criterion. But if wealth is distributed unfairly, the efficiency criterion by itself may be too narrow. As well, the distribution of income and wealth can have effects on how resources are allocated. Having said this, however, we have to recognize that, in judging economic outcomes, the relative emphasis to be put on efficiency and equity is a matter of controversy. It is controversial in the political arena; it is controversial among economists themselves.

Distributional issues and equity are discussed throughout the book. Chapter 6 develops terminology for describing the distributional impacts of environmental policies. In Chapter 9, economic equity is one of our criteria for evaluating environmental policies.

Markets

The key question to address in this section is whether a market system—a system where the major economic decisions about how much to produce are made by the more-or-less unhindered interaction of buyers and sellers—gives us results that are socially efficient. Social efficiency produces QE units of output. Can we rely entirely on the market to reach this same quantity?

Economists worry about this question because Canada is, by and large, a market-based economy. For all its faults, a market system will normally give us better economic results, overall, than any other system. The market system also contains incentive structures that in many cases can be harnessed toward the objective of improved environmental quality. One of these is the cost-minimizing incentive that stems from the competitive process. Another is the incentive to find ways of producing goods and services more cheaply through different technologies, less expensive inputs, or better ways to organize a company. If we can harness these incentives to help achieve environmental goals, our task both will be easier and will have lower opportunity costs for society than if we tried to jettison the whole system and adopt a different set of institutions.

A market is an institution where buyers and sellers of goods or services or factors of production carry out mutually agreed-upon exchanges. The ‘rules’ and norms under which markets operate reflect society’s values, ethics, regulations, laws and customs.  But in virtually all markets, people are looking for the best terms they can get. Buyers want to pay a low price, while sellers want to receive high prices. What brings all these conflicting objectives into balance is the adjustment of prices on the market. Equilibrium is established where supply is equal to demand, where MWTP = MC of production. At this intersection, the equilibrium price and quantity produced is determined. This is illustrated in Figure 4-2, where QM is the equilibrium quantity sold and bought in the market and PM is the equilibrium price. For the market to work effectively there must be competition among sellers and among buyers. None can be large enough that their own performance affects market prices, or powerful enough that they can control how the market performs. Price must be allowed to adjust freely.

Figure 4-2: Determining Equilibrium in a Competitive Market
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A market equilibrium is defined where demand (D) is equal to supply (S). The equilibrium price of PM ($20) and equilibrium quantity QM = 40 are shown. QM will be the socially efficient equilibrium output, QE, if D is the same as MWTP and S represents social marginal cost. This is unlikely to be the case when environmental problems arise from market failures.

Markets and Social Efficiency

Does an unregulated market such as the one represented in Figure 4-2 lead to a socially efficient equilibrium?

This is a fundamental question in economics. Compare Figures 4-1 and 4-2. They look the same, but there is actually a big difference. Figure 4-1 shows a socially efficient rate of output for a particular item. Figure 4-2 shows the rate of output and price that would prevail on a competitive market for that item. Are these two rates of output, QM and the QE of 40 units, likely to be the same in the real world? The answer is yes if the market demand and supply curves, as pictured in Figure 4-2, are the same as the marginal cost and willingness-to-pay curves, as shown in Figure 4-1. Here is the essence of the problem: When environmental values are concerned, there are likely to be very substantial differences between market values and social values. Market failures cause the divergence. Market failures can affect both the supply and demand sides of the market.

On the supply side, market failures can drive a wedge between normal market supply curves and true or social marginal cost curves. On the demand side, market failures can create a divergence between market demands and social marginal willingness to pay. On the supply side the problem is “external costs,” while on the demand side the problem is “external benefits.” To reiterate,

market failures cause a divergence between market and social values and can prevent a decentralized competitive market from reaching the socially efficient equilibrium. New footnote #1 
New footnote #1  This chapter examines failures of private markets to achieve a socially efficient equilibrium.  Section 5 illustrates that some government policy can also prevent the attainment of social efficiency.  This is often called a ‘government failure’.]
We now examine the sources of market failure.

External Costs

When entrepreneurs in a market economy make decisions about what and how much to produce, they take into account the price of what they will produce and also the cost of items for which they will have to pay: labour, raw materials, machinery, energy, and so on. We call these the private costs of the firm; they are the costs that show up in the firm’s profit-and-loss statement. Any firm that has the objective of maximizing its profits will try to keep its production costs as low as possible. This is a worthwhile outcome for both the firm and society because inputs always have opportunity costs; they could have been used to produce something else. Furthermore, firms will try to find ways of reducing costs when the relative prices of inputs change.

However, in many production operations there is another type of cost that represents a true cost to society but does not show up in the firm’s profit-and-loss statement. These are called external or social costs. They are called “external” because, although they are real costs to some members of society, they will not normally be taken into account by firms when they go about making their decisions about what inputs to use or output levels to produce. Another way of saying this is that there are costs that are external to firms but internal to society as a whole. One of the major types of external cost is the cost inflicted on people through environmental degradation. An example is the easiest way to see this.

Example: Paper mill discharges wastes into river

Suppose a paper mill is located somewhere on the upstream reaches of a river that is used for a city’s drinking water and supports other beneficial activities.  In the course of its operation, it discharges a large amount of wastewater into the river. The wastewater is full of organic matter that arises from the process of converting wood to paper. This waste material gradually is converted to more benign materials by the natural assimilative capacity of the river water; however, before that happens, a number of people downstream are affected by the lower quality of water in the river. The waterborne residuals may reduce the number of fish in the river, affecting downstream fishers. The river may be also less attractive to look at, affecting people who would like to swim in it or sail on it. Worse, when the river water  is used downstream as a source of water for a public water-supply system, the degraded water quality means that the cityhas to engage in more costly treatment processes before the water can be delivered to its residents. All of these downstream costs are real costs associated with producing paper, just as much as the raw materials, labour, energy, and so on used internally by the plant. If there are no regulations that inhibit effluent discharge from the mill’s standpoint these downstream costs are external costs. They are costs that are borne by someone other than the people who make decisions about operating the paper mill. Any profit-and-loss statement of the paper mill will contain no reference whatever to these real downstream external costs. The market fails because there is no incentive for producers to include external costs in their decision-making; no way that the market-determined price of the good reflects these externalities in production.

If we are to have rates of output that are socially efficient, decisions about resource use must take into account both types of costs—the private costs of producing paper plus whatever external costs arise from adverse environmental impacts. In terms of full social cost accounting,

Social costs = Private costs + External (environmental) costs

This equation is pictured in Figure 4-3. The top panel shows the relationship between the rate of paper production and the occurrence of these downstream external costs. It shows that the marginal external costs increase as paper production increases. The bottom panel shows several things. It shows the demand curve for paper and the marginal private costs of producing paper. The intersection of these occurs at a price of PM and a quantity of QM. This is the price and quantity that would arise on a competitive market where producers pay no attention to external costs. But marginal social costs are in fact higher, as shown, since they contain both the marginal private costs and marginal external costs. Thus, the full socially efficient rate of output is Q*, and the associated price is P*.

Compare the two rates of output and the two prices. The market output is too high compared to the socially efficient rate of output. And the market price is too low compared to the socially efficient price. It’s not hard to understand the reason for this. In considering just its private costs the firm is essentially using a productive input it is not paying for. The unpaid input is the services of the river, which provide the firm with a cheap way to dispose of its waste products. But while it may be cheap for the firm to do this, it may not be cheap to society; in fact, in this case we have costs being inflicted on downstream users that are being overlooked by the paper mill. So the private market system in this case produces too much paper at too low a price compared to socially efficient results.

Most of the cases of environmental destruction involve external costs of one type or another. Electricity-generating plants emit airborne residuals that affect the health of people living downwind. Users of chemicals emit toxic fumes that affect people living in the vicinity. Developers build on land without taking into account the degradation of the visual environment of local inhabitants, and so on. Nor is it only businesses that are responsible for external environmental costs. When individuals drive their automobiles, exhaust gases add to air pollution, and when they dispose of solid waste materials (like old paint cans and solvents), they may affect the quality of the local environment.

Figure 4-3: External Costs and Market Outcomes
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The top panel illustrates a marginal external cost function for a paper mill that discharges untreated wastes into a river. The external costs are the costs borne by people and firms downstream who must purify the water before use. The bottom panel derives the marginal social cost curve, which is the sum of the marginal private cost curve plus external costs for each unit of paper output produced. A socially efficient equilibrium occurs where demand equals marginal social costs. This equilibrium occurs at a lower output (Q*) and higher price (P*) than the market equilibrium, where demand is equated to marginal private costs, yielding QM and PM.

There are many different types of environmental external costs or externalities. Most, but not all, are expressed through physical linkages among parties involved—polluters and those damaged. The simplest is where there are just two parties involved—one polluter and one party suffering damages (the pollutee). An upstream pulp mill and a downstream firm that uses the river water in its production operations is an example. There are cases of single polluters and multiple pollutees, such as a power plant that emits suphur dioxide that affects the residents of a community living downwind. Other cases involve multiple polluters but only one damaged party. An example is runoff of nitrates from the use of fertilizers and animal wastes on farms that affects the well water of a single household. And, finally, there are many cases where both polluters and pollutees are several in number; for example, urban air pollution stemming from automobile emissions: each driver is both a producer and a recipient of the externality. The same is true of global phenomena, such as global emissions of greenhouse gases that contribute to climate change. There are some externalities that do not involve physical linkages. Degradation of the scenic environment through land development that does not protect green space in urbanizing areas is an example. And there are some externalities that involve neither physical linkages nor close proximity. People in one part of a country, for example, may feel a loss when those in another region cause damage to an important environmental resource—for example, a unique species of animal or plant, such as the decline in polar bear populations due to the thinning of Arctic ice caused by climate change.

Open-Access Resources

A major cause of market failure is the presence of open-access resources. An open-access resource is a resource or facility that is open to uncontrolled access by individuals who find it profitable or useful in some way to use the resource. A classic example from resource economics is an ocean fishery, where anyone willing to buy a boat and take up fishing is free to do so. Other examples are a pasture that is open to anyone to graze their animals, or a forest where anyone may go and cut wood. For the natural environment, the atmosphere is the quintessential open-access resource. Anyone is free to use the atmosphere as a waste depository. The oceans, groundwater, and many surface waters are also open-access.

In these situations we have, in effect, the absence of property rights.4 No one owns an open-access resource. No one can stop another from using that resource. The resource will be inefficiently used as a result. To illustrate the concept of open access and the inefficiencies created, consider the following examples.

4. Property rights are discussed in detail in Chapter 10.

Example: Water pollution and treatment costs

Suppose there are four similar firms situated on a lake. The firms use water from the lake in producing their output, and discharge emissions back into the lake. The emissions pollute the lake water, requiring each firm to treat the water before they use it in production. Each firm’s treatment costs depend on the ambient quality of the lake, which of course depends on the total emissions of the four firms. Suppose that the cost of intake water treatment is currently $40,000 per year for each firm. A new firm is contemplating starting operations on the lake. If it adds its untreated emissions to those of the current four, it will make ambient water quality worse and drive up the cost of water treatment for each firm to $60,000 per year. When the fifth firm makes its location and production decisions it will take into account its various operating costs, which will include the $60,000 per year of water treatment costs. But the total social water-related costs of the firm’s decisions are higher. There are also external costs inflicted on the other four firms, amounting to $20,000 each of added water treatment costs if the fifth firm locates on the lake. The social marginal costs of water supply when the new firm locates on the lake are $140,000, consisting of the $60,000 in internal costs for the new firm plus $80,000 ($20,000 times 4) for external costs inflicted on firms already on the lake. These are often called open-access externalities, because they result from the fact that the firms have uncontrolled access to the lake.

The focus in the example so far has been on the externalities flowing from the fifth firm’s decisions, but everything is symmetrical in the sense that we could say exactly the same thing about each one of the other firms. They will make their decisions without regard to the external costs inflicted on other firms. It is this reciprocal nature of these externalities that distinguishes them from the type we talked about before (e.g., the pulp mill upstream inflicting external costs on pollutees downstream). But the effect is the same:

Market supply curves will understate social marginal production costs when there are externalities in production.

If someone owns a pasture, or a forest, he or she will presumably keep out encroachers, or perhaps charge them for use of the resource or otherwise control their rate of access. But when a resource or facility is open to unrestricted access there is no way of ensuring that its rate of use is kept to the level that will maximize its overall value.

Example: Road congestion

Road congestion illustrates how unrestricted access leads to inefficiency. A road is not a natural resource, but a person-made facility. But the essence of the uncontrolled-access problem is identical, and it perhaps is easier to understand with this particular example. It uses very simplified assumptions so that we can highlight the basic issues. There is a road connecting two points, call them point A and point B. The figures in Table 4-1 show the average travel time it takes to get from point A to point B along this road, as a function of the number of motorists using the road. For example, if there is just one traveller on the road, it takes 10 minutes to get from A to B (we assume a speed limit that is enforced). Likewise, when there are either two or three motorists on the road the average travel time is still 10 minutes. But when the traffic increases to four travellers, the average travel time increases to 11 minutes. This is because of congestion: cars begin to get in each other’s way and average speeds drop. As the number of motorists continues to increase, the congestion increases, thus driving up travel times even more.

Now, suppose you are considering using this road to go from A to B, and that there are already five cars using it. Suppose, furthermore, that you have an alternative route that will take you 18 minutes. We assume you know the state of the traffic and the resulting travel times. Since taking the given road will save you four minutes over the alternative, your individual decision would be to use the road. But from the standpoint of “society,” in this case consisting of you plus all the other motorists on the road, this is not efficient. When you enter the highway on which there are already five cars, the added congestion causes an increase in average travel times of two minutes to the people already using the road. Your four-minute individual saving is offset by added travel costs of ten minutes (five cars times two minutes per car) on the part of the other motorists. This means—if we treat all minutes as equally valuable—a net social loss of six minutes when you decide to use the road.

Table 4-1: Travel Times Related to the Number of Cars on the Road

	Number
	Average travel time (in minutes)

	of cars
	between A and B

	1
	10

	2
	10

	3
	10

	4
	11

	5
	12

	6
	14

	7
	18

	8
	24


The problem arises because there is uncontrolled access to the road, and in using it people may inflict external costs on others in the form of added congestion and higher travel times. The same kind of effect holds when a fisher enters a fishery; in catching a portion of the stock, he or she leaves fewer to be caught by other fishers. When one farmer puts animals on a common pasture, and there are no rules regarding the use of that pasture, he or she reduces the forage available to other herds on that pasture. We can see that this is related to the notion of external costs. The added costs that one user of an open-access resource inflicts on other users of that resource are in fact costs that are external to that user but internal to the whole group of users. When a single individual is making a decision about whether and how much to use an open-access resource, they take into account the costs and benefits that impinge on themselves directly. Some might also altruistically take into account the externalities they inflict on others, but most will not. And the result will be, as it was with the road example, a rate of use that is higher than what is called for on the grounds of social efficiency.

In summary,

when external costs are present, private markets will not normally produce quantities of output that are socially efficient.

Market failure may thus justify public policy to help move the economy toward social efficiency. This may be done sometimes by changing rules, such as property rights rules, so that the market will function efficiently. Other cases may call for more direct public intervention. Chapters 10 through 14 address these issues in more detail. Consider now the demand side of the market and another important source of market failure, that of external benefits.

External Benefits

An external benefit is a benefit that accrues to somebody who is outside, or external, to the decision about consuming or using the good or resource that causes the externality. When the use of an item leads to an external benefit, the market willingness to pay for that item will understate the social willingness to pay. Consider the following examples.

Example: Quiet lawn mowers

Suppose a quiet lawn mower would provide $50 a year of extra benefits to its buyer. This is therefore the maximum incremental amount that person would be willing to pay for this machine above the cost of a noisy mower. But suppose that person’s use of the new lawn mower would create $20 of added benefits to her neighbour, because of reduced noise levels in the course of the year. These $20 of benefits to the neighbour are external benefits for the owner of the lawn mower. The owner makes a purchasing decision on the basis of benefits accruing only to herself. Thus, the marginal willingness to pay for a quieter lawn mower is $50, whereas the social marginal benefit (where “society” in this case includes just the owner and the neighbour) is $70 (the owner’s $50 and the neighbour’s $20). This is a real problem in many parts of Canada where urban areas are encroaching on agricultural lands and depleting green spaces.  The market failure is that there is no effective way to get the public to pay the farmer to protect the ecosystem benefits.  Sections 4 and 5 examine policies that may help protect ecosystem benefits.
Example: Ecosystem benefits from agricultural land

A farmer has land on the outskirts of an urban area. The farmer cultivates the land and sells his produce to people in the city. Of course, the farmer’s main concern is the income he can derive from the operation, and he makes decisions about inputs and outputs according to their effect on that income. But the land kept in agriculture produces several other benefits, including habitat for birds and other small animals and scenic values for passers-by. These benefits, while internal from the standpoint of society, are external from the standpoint of the farmer. They don’t appear anywhere in his profit-and-loss position; they are external benefits of his farming decisions. In this case the agricultural value of the land to the farmer understates the social willingness to pay to have the land in agriculture.

When economists discuss the rudiments of supply and demand, we usually use as examples very simple goods that do not have external benefits. Farmers produce and supply so many million apples per year. Individual and market demand curves for apples are easy to comprehend. If we want to know the total number of apples bought, we can simply add up the number bought by each person in the market. Each person’s consumption affects no one else. In this case the market demand curve will represent accurately the aggregate marginal willingness to pay of consumers for apples. But in cases involving external benefits, this no longer holds. We can see this by considering a type of good that inherently involves large-scale external benefits—what economists have come to call public goods.

Public Goods

Consider the provision of national defence services. Once the defence system, with all its hardware and people, is in place, everyone in the country receives the service. Once the services are made available to one person, others cannot be excluded from making use of the same services. This is called non-exclusion, and it is one of the distinguishing characteristics of a public good. It is a good that, if made available to one person, automatically becomes available to others.

Another example of a public good is clean air. If the air around a city is free of serious contaminants, anyone in the city can breathe the air without diminishing its availability to all other people within the city. This is the second characteristic of a public good—non-rivalness. My consumption of clean air does not diminish your consumption. This is very different from private goods. If I buy and eat an apple, that apple is not available to you. Note carefully that it is not the ownership of the supplying organization that characterizes a public good. Although our two examples require government involvement, a public good is distinguished by the technical nature of the good—non-exclusion and non-rivalness—not by the type of organization making it available. For example, radio signals are free to anyone with a receiver, but most radio stations are privately owned.
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Environmental quality is essentially a public good. If the quantity of stratospheric ozone is increased, everyone worldwide benefits. Private markets are likely to undersupply public goods, relative to efficient levels. To sum up,

public goods are characterized by non-rivalness and non-exclusion—there is joint consumption of the good and, once provided, everyone can enjoy the good whether they pay for it or not. Environmental quality is a public good.

Aggregate Demand for Public Goods

People’s demand for a public good expresses their marginal willingness to pay, just as does their demand for a private good. The difference comes in the way individual demand curves are aggregated across consumers. A detailed example illustrates the complexities public goods introduce for a market economy.

Example: Controlling fertilizer runoff into a lake

Consider a small freshwater lake on the shores of which there are two occupied homes. The people living in the houses use the lake for recreational purposes but, unfortunately, the water quality of the lake is contaminated by fertilizer runoff from surrounding farms. The fertilizer is causing algae to grow voraciously in the lake. This lowers the dissolved oxygen content of the lake and many fish species cannot survive. In addition, the lake is becoming undesirable for swimming due to the algae blooms. Dissolved oxygen is the indicator of environmental quality and is measured in parts per million (ppm). It is possible to clean the water by having each household buy a compound that neutralizes the fertilizer and improves dissolved oxygen. The marginal cost of treatment is, however, a rising function, given by the equation MC treatment = 5 + 2Q, where Q is the dissolved oxygen target. Each household is willing to pay for the monthly treatment necessary. Their MWTP functions5 are given by

5 Each household’s MWTP function is its inverse demand curve for water quality.


MWTPA = 14 – 2QA

MWTPB = 6 – QB
Table 4-2 shows each household’s marginal willingness to pay for rising levels of water quality and the associated marginal costs. It also shows the total marginal willingness to pay, which is the sum of the individual values. We can aggregate the two households’ MWTP by adding vertically their MWTP functions to obtain aggregate MWTP = 20 – 3Q.

Table 4-2: Individual and Aggregate Demand for Increasing Dissolved Oxygen in the Lake
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Note that marginal cost is an increasing function: as the lake becomes cleaner the marginal cost of continued improvement increases. This is also a public-good situation. If either household alone buys the treatment compound, water quality is improved for both households. What is the equilibrium attained? The solution is shown algebraically, graphically, and by examining the table. From Table 4-2, note that marginal cost and aggregate marginal willingness to pay are equal at a water quality of 3 ppm. At levels less than this, aggregate marginal willingness to pay for a cleaner lake exceeds the marginal cost of achieving it; hence, from the standpoint of these two households together, spending more to improve water quality is desirable. But at quality levels higher than 3 ppm, total willingness to pay falls below marginal costs. Thus, 3 ppm is the socially efficient level of water quality in the lake.

This is verified by the algebra. To solve for the socially efficient level of water quality, set the aggregate MWTP function equal to the MC function to obtain


20 – 3Q = 5 + 2Q

Q = 3

This is depicted graphically in Figure 4-4. The two top panels show the marginal willingness to pay by each of the two households, graphed from the equations above or Table 4-2. When summing individual demand curves for private goods, the individual quantities demanded at each price are added together to get the aggregate quantity demanded. But with a public good people are, in effect, consuming the same units. Individual demand curves must be aggregated in a different way than for a private good. The principle is this: to aggregate individual demand curves for a public good, each person’s MWTP for a given quantity of the good is added.6

6. The aggregation of individual demand curves for a private good can be thought of as a horizontal summation—adding up quantities desired at a given price. Aggregation of individual demand curves for a public good is done vertically—for a given quantity of the good, each party’s willingness to pay as expressed on their demand curve is the value that is added. This is because of the joint consumption of the good, compared to the private good, where consumption is exclusive to the individual.

In Figure 4-4, at a water quality level of 2 ppm, for example, the marginal willingness to pay is, respectively, $10 and $4 per month for households A and B. Total marginal willingness to pay at this level of water quality is $14. The bottom panel of the graph shows the aggregate marginal willingness-to-pay/demand function, the marginal cost function (MC), and the efficient level of water quality, Q*.

Having identified the efficient level of water quality, the next question is whether a competitive market system—where entrepreneurs are on the alert for new profit opportunities—could get the contaminant in the lake reduced to the socially efficient level. Suppose a private firm attempts to sell its services to the two households. The firm goes to household A and tries to collect an amount equal to that household’s true willingness to pay. But household A will presumably realize that once the lake is cleaned up, it’s cleaned up for everybody no matter how much they actually contributed. And so household A may have the incentive to underpay, relative to their true willingness to pay, in the hopes that the other household will contribute enough to cover the costs of the cleanup. But, of course, the other may react in the same way. When a public good is involved, each person may have an incentive to free-ride on the efforts of others. A free rider is a person who pays less for a good than her/his true marginal willingness to pay; a person who underpays, that is, relative to the benefits they receive.  The free rider concept will be observed frequently when addressing environmental problems and the design of policy solutions.
Figure 4-4: Derivation of the Demand for a Public Good and the Socially Efficient Output
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Marginal WTP functions for two households are graphed. Total WTP is the sum of each household’s MWTP for a given quantity of dissolved oxygen in their water. At a quantity of 2 ppm, household A is WTP $10 and household B is WTP $4, for a total of $14. The socially efficient equilibrium is found where aggregate WTP equals MC of improving water quality, Q* = 3 ppm.

Note as well that we have not solved for an equilibrium “price” for the public good. This is because there is no equilibrium price in the conventional sense. The equilibrium quantity could be substituted back into the aggregate MWTP function to obtain a value of $11, but the market would not clear at that price. A “price” of $11 exceeds household B’s MWTP for any amount of cleaner water. And household A would want 1.5 units of clean water at a price of $11 per unit, not 3 units. Private markets simply cannot work when a public good of this sort is being supplied. There is no way to charge a uniform price to all consumers that both covers the supplier’s marginal costs and equates each consumer’s MWTP. And, because of the free-rider problem, private firms would have a very difficult time determining a person’s true WTP for a public good.

To recap:

(
Environmental quality improvements are essentially public goods.

(
A private producer of a public good cannot use the aggregate demand curve to determine a uniform price for all consumers. Each consumer must be charged his or her marginal WTP for the good to achieve an equilibrium where demand equals supply.

(
But, a private producer cannot extract each individual’s marginal WTP for the good due to free-rider problems.

(
Therefore, environmental quality improvements/public goods are generally not supplied socially efficiently by decentralized private markets.

Since the market system cannot be relied upon to provide efficient quantities of public goods, we must fall back on some type of non-market institution involving collective action of one type or another. In the lake example, the households may be able to act collectively, perhaps through a homeowners’ association, to secure contributions for cleaning up the lake. Of course, the free-rider problem will still exist even for the homeowners’ association, but, if there are not too many of them, personal acquaintance and the operation of moral pressure may be strong enough to overcome the problem. When there are many thousands or millions of people, however, as there usually are in most environmental issues, the free-rider problem may be handled effectively only with more direct collective action through a governmental body that has regulatory and taxing power. The goal is not to completely replace market processes in these cases. What we want to do is add sufficient public oversight to the market system that we do finally end up with efficient levels of environmental quality that are equitably distributed. Chapter 5 takes a closer look at these issues.

Summary

Our main goal in this chapter was to apply the market model to situations where environmental quality is an issue. Markets are places where buyers and sellers interact over the quantities and prices of particular goods or services. The intersection of supply and demand curves shows the unique quantity and price that can simultaneously satisfy both buyers and sellers. This is called the efficient level of output, since it was the only output level where marginal willingness to pay is equal to marginal costs of production.

Two main reasons were presented for why, when environmental quality issues are involved, market prices and quantities will not be fully efficient from a social standpoint. The primary reasons for this, on a conceptual level, are the existence of external costs and external benefits. In matters of the environment, external costs are the damages that people experience from environmental impacts that are not taken into account by the firms, public agencies, or consumers whose decisions produce them. A classic case is water pollution from an upstream pulp mill that damages people using the water downstream. Another important case is the external costs that users of an open-access resource inflict upon one another through uncontrolled use of the resource. External benefits are benefits accruing to people other than the direct buyers or recipients of a good. The classic case of an external benefit is public goods. These are goods or services that, when they are made available to one person, automatically become available to others.

Faced with external costs and benefits, public goods, and open-access resources, markets cannot be relied upon to supply efficient levels of environmental quality. Environmental policies are needed to rectify these market failures.
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Analytical Problems

1.
Below are portions of the demand curves of three individuals for air quality in their neighbourhood. Air quality (integer values only) is measured in terms of µg/m3 (micrograms of SO2 per cubic metre of air). If the marginal cost of reducing ambient SO2 is $40 per µg/m3, what is the socially efficient level of air quality, assuming that “society” in this case consists of just these three people?

	Costs of Sulphur
	
	Quantity Demanded
	
	Price of

	Removal
	A
	B
	C
	Orange Juice

	(dollars per microgram/m3)
	
	
	
	(cents per litre)

	60
	1,400
	1,200
	1,500
	0

	50
	1,300
	1,100
	1,400
	10

	40
	1,200
	1,000
	1,300
	20

	30
	1,100
	900
	1,200
	30

	20
	1,000
	800
	1,100
	40

	10
	900
	700
	1,000
	50

	
	
	
	
	

	0
	800
	600
	900
	60


2.
For the above example, prove that the socially efficient level of air quality maximizes the net social value.

3.
Suppose that question 1 referred not to air quality but to litres of orange juice demanded per year by the three individuals. In this case, the price refers to cents per litre. Suppose the marginal cost of orange juice production is 40¢. What is the efficient aggregate level of orange juice production for these three people?

4.
Using Table 4-2 and the equations underlying it, prove that a private firm will be unable to supply the public good at a price that clears the market.

5.
Consider the example of the two households on the lake. Suppose the lake was cleaned up to the efficient level, and that the total costs of this cleanup are shared equally between the homeowners (stick to integer values here). Will both homeowners be better off? Prove your answer numerically. What problems does this bring up about sharing the costs of public goods?

Discussion Questions

1.
What is the relationship between public goods and open-access resources?

2.
Some seemingly public goods, such as radio waves, lighthouse services, and even police and sanitation services, can be supplied by private firms. Why is this so? Are there differences between these public goods and environmental services? If so, what are they?

3.
Why do we care about attaining social efficiency?

4.
Are socially efficient outcomes necessarily equitable? Should they be?

�Probably will have to renumber once all pages set.
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