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Purpose:  Estimating consumer surplus, producer surplus, and government revenue (i.e., social surplus) in primary markets (i.e., markets that are directly affected by a policy or project).

Actual Versus Conceptually Correct Measures of Benefits and Costs

This chapter discusses how to estimate "conceptually correct" measures of benefits and costs.  It begins, however, with a discussion of why these "conceptually correct" measures are frequently not used in actual CBA studies and what the implications of this are.  The primary reason why conceptually correct and actual measures differ is that the easiest measures to obtain are observed prices, which may or may not be the conceptually correct measurers.  Whether the observed prices are accurate measures of benefits and costs depends on the character of the market.  Prices that are determined in well-functioning, competitive markets tend to be good estimates of benefits and costs, while observed prices in distorted markets tend to be poor measures.

In cases where observed prices don't reflect the true (social) value of a good accurately or where prices don't exist (e.g., for public goals), a process called shadow pricing is used.  Shadow pricing is when observed prices are adjusted (or values are assigned when observed prices do not exist) so that they come as close as possible to measuring the social value of the good in question.  Even with shadow pricing, however, the measures of benefits and costs used in actual studies can differ from their conceptually correct counterparts for several reasons. 

1.
Errors can be made in CBA.  Those doing the analysis may incorrectly believe they have the correct measures, when they do not.

2.  
It is often difficult to derive an appropriate shadow price.  It may be technically infeasible or beyond the time and resources available to derive the correct price.  Here, those conducting the CBA should point out the resulting biases.

3. 
The differences between the actual and the correct measures are small enough that the results are not affected very much.  In such instances, shadow pricing may not be necessary.

Valuing Outcomes: Willingness-To-Pay

In CBA, costs and benefits are based on the concept of willingness to pay (WTP).  Benefits are the sum of the maximum amounts that people would be willing to pay for a policy outcome, and costs are the sum of the opportunity costs of the resources required by the policy.  Benefits are first considered (measured in efficient and inefficient markets) and then costs (again measured in efficient and inefficient markets).

Valuing Benefits in Efficient Markets

The valuation of gross benefits in efficient markets relies on the following rule:  Gross social benefits equal the net revenue plus the change in social surplus.  Two situations in which the rule is applicable are examined:  (1) a policy that directly affects the quantity of the good available to consumers, and (2) a policy that alters the costs of producing a good.

Direct reductions in costs to consumers.  Two situations in which a project directly increases the available supply in a market are examined: when the price is unaffected by the increased supply, and when it is affected.  If the price of the good is unaffected by the increased supply, then the demand curve is horizontal.  Therefore, if the project directly adds a quantity, q', to the market, then the supply schedule as seen by consumers shifts to the right by q' and the increase in social surplus is the area P0 times q' (see Figure 4.2).  If consumers must purchase the additional units of the good from the project, the government receives revenue equal to P0 times q'.  If the good is provided free to consumers, then they gain consumer surplus equal to P0 times q'.
If, on the other hand, the government adds a large enough quantity of a good to the market to reduce its price, then the demand curve is appropriately viewed as downward sloping.  Therefore, if the government adds a quantity q' to the market, the supply curve again shifts to the right, but this time the price of the good falls to P1.  The gain in consumer surplus corresponds to an area bounded by the demand curve and the change in price (area P0abP1 from Figure 4.3).  The private-sector suppliers continue to operate on the original supply curve and suffer a loss of producer surplus equal to the area bounded by the original supply curve and the change in price (area P0acP1).  Thus, much of the loss of producer surplus is a transfer from suppliers to consumers and the net gain in social surplus is just the difference between the two areas (the area of triangle abc).  If consumers must purchase the additional units of the good from the project, then the project receives revenue equal to the area P1 times q' (q2cbq1).  Total gross benefits from the project selling q' units equals the sum of project revenues and the gain in social surplus (area q2cabq1).  If the q' units are given away free, then area q2cbq1 is additional consumer surplus and the total gross benefits remain the same as if the q' units were sold (with a caveat).  The caveat is that the above is true only if the consumers value the free units of the good at P1 or higher.  If some of the free units go to consumers who value the units at less than P1, area q2cabq1 overestimates the gross benefits (because some consumers value the marginal consumption of these additional units at less than P1).  If, however, consumers can sell them to others who would have been willing to buy them at a price of P1 (and the associated transaction costs are minimal), then area q2cabq1 remains a good approximate of gross benefits.

Reductions in costs to producers.  The second type of policy mentioned earlier shifts the supply curve down by lowering the private sector’s cost of supplying a good to the market.  In this case, q' additional units are supplied to the market because the reduction in their marginal costs allows private-sector firms to offer the additional q' units profitably.  As in the case of the direct supply of q', the new equilibrium price is P1.  From Figure 4.3, the gain in consumer surplus equals the area of trapezoid P0abP1.  The change in producer surplus equals the area P1bd (the producer surplus with supply schedule S + q') minus area P0ae (the producer surplus with supply schedule S).  Combining consumer and producer surplus, it is apparent that area P1ce cancels out, and area P0acP1 is actually a transfer from producers to consumers.  Hence, the gain in social surplus resulting from the project equals the area of trapezoid abde.

Valuing Benefits in Distorted Markets

In distorted markets or inefficient markets, projects are still measured as changes in social surplus plus net revenues.  There are problems, however, in determining the correct social surplus changes.  Five different types of market failures (monopoly, information asymmetry, externalities, public goods, and addictive goods) complicate measuring the correct social surplus.

Monopoly.  Figure 4.4 indicates that, as in the competitive case, the social surplus generated in a monopoly market equals the area between the demand curve and the marginal cost curve to the left of the equilibrium point.  The social surplus above the price line is consumer surplus, and below the price line is producer surplus.  Because a monopoly does not produce at the competitive level, Qc or charge the competitive price Pc, social surplus is not maximized.  This lost social surplus is the deadweight loss that results from monopolistic behavior.  

Natural monopolies are useful to examine in some depth because they are especially likely to be the target of government action.  The properties of a natural monopoly are as follows.

· Fixed costs are very large relative to their variable costs.  Therefore, average costs are very large at small amounts of output and fall as output increases.  Thus, average costs exceed marginal costs over a wide range of output. 

· Average costs exceed marginal costs over the "relevant range of output" (i.e., the range between the first unit of output and the amount consumers would demand at a zero price).  Therefore, average costs continue to fall over the relevant range of output.

· As a result, one firm, a natural monopoly, can provide a given amount of output at a lower average cost than could several competing firms.

There are at least four policies the government could follow in regards to a natural monopoly.

1) Allow the monopoly to maximize profits by producing at the monopoly level.  This results in a deadweight loss.  

2) Require the monopoly to set its price where the average cost curve crosses the demand curve.  This transfers some surplus from the monopoly to consumers, expands output, increases social surplus, and reduces deadweight loss.  

3) Require the monopoly to set its price where the marginal cost curve crosses the demand curve.  This eliminates deadweight loss but revenues no longer cover costs.  As a result, tax money must be used to subsidize the production of the good.  

4) Require the monopoly to charge a zero price.  This also results in a deadweight loss and causes costs to exceed revenues, necessitating subsides.

Information asymmetry.  Information asymmetry means that information about a product or a job is not equal on both sides of a market.  There are two effects of information asymmetry.  First, by raising the price and the amount of the good purchased, information asymmetry increases producer surplus and reduces consumer surplus, resulting in a transfer from consumers to sellers.  Second, by increasing the amount of the good sold relative to the full information case, information asymmetry results in deadweight loss.  These effects can be corrected if either the government or non-governmental sources (either consumers themselves or private third parties) provide the needed information.  The source of the information is likely to be determined by the type of good:
· Search goods: products with characteristics that consumers can learn about by examining them prior to purchasing them.  Therefore, information asymmetry is unlikely to be a serious problem.

· Experience goods: products about which consumers can obtain full knowledge, but only after purchasing and experiencing them (e.g., movie tickets, restaurants, appliances, etc.). Demand for information about experience goods often prompts third parties (newspapers, magazines, etc.) to provide information for a price.

· Post-experience goods: goods that consumers may not learn about for a long time, if ever, even after purchasing and consuming them (e.g., adverse health effects associated with a prescription drug or a new automobile with a defective part).  This is the type of good where governmental action may be required to provide the needed information because the information is often expensive to gather and private-sector parties willing to collect it may not exist.

Externalities.  An externality is an effect that production or consumption of a good has on third parties not involved in the production or consumption of the good.  An externality can be either positive or negative.  The effect of an externality is that the market underestimates the social costs (negative) or underestimates the social benefits (positive) of the good.  The gap between the two supply curves for an externality that results from producing a good or the two demand curves for an externality that involves the consumption process can be viewed as the amount those subjected to the externality would be willing to pay to avoid it (negative) or willing to pay for it (positive).  In other words, it represents the costs imposed by or the benefits received from the externality by third parties.

If left to its own devices, the market sets the wrong price for the good because it fails to take account of the effect of the good on third parties.  As a result, too much (negative externality) or not enough (positive externality) output is produced. This causes a deadweight loss.  To reduce this deadweight loss, the government has several options.  For a negative externality, like pollution, it could require the producer to pay a tax on each unit they sell or establish a market for pollution permits (restricting production to the socially optimal level).  For a positive externality, the government could subsidize production of the good or produce some of the good itself.

Public goods.  Public goods have two key attributes: They are nonexcludable and nonrivalrous.  A good is nonexcludable if it is impossible, or at least impractical, for one person to maintain control over its use.  Supplied to one consumer, it is available for all consumers.  Because there is no way to charge for its use, a free-rider problem results.  As a consequence, there is no incentive for the private sector to provide it.  Nonrivalry implies that one person’s consumption of a good does not keep someone else from also consuming it; more than one person can obtain benefits from a given level of supply at the same time.  This also causes a free-rider problem.  Like other positive externalities, private markets, if left to their own devices, tend to produce less public goods than is socially optimal.  Therefore, without government intervention, little or none of the public good would be produced.  Some goods are either nonrivalrous or nonexcludable, but not both.  A nonrivalrous, but excludable, good is called a toll good (i.e., a toll road), and a rivalrous, but nonexcludable good, is called an open access resource (e.g., fishing in international waters).
Addictive goods.  Economic models of addictive goods, such as tobacco, assume that today’s consumption depends on the amount of previous consumption.  If consumers fail to take full account of how current consumption of an addictive good influences the amount of future consumption, negative intrapersonal externalities result because they impose harm on their future selves.  This suggests that consumer surplus from the consumption of an addictive good should be measured under the demand curve that would exist in the absence of addiction, rather than under the demand curve that exists in the presence of addiction.  As indicated by Figure 4.10, however, because more of an addictive good is consumed than would occur in the absence of addiction, deadweight loss occurs.  This deadweight loss must be subtracted from any surplus that results from consumption of the good.  

Valuing Inputs: Opportunity Costs

Public policies usually require resources (i.e., inputs) to implement them.  These resources could be used to produce other goods or services.  Therefore, almost all public policies incur opportunity costs.  Conceptually, these costs equal the value of the goods and services that would have been produced had the resources used to implement the policy been used instead in the best alternative way.  The relevant opportunity costs are what must be given up today and in the future, not what has already been given up.  The latter costs are "sunk" costs and should not be included in measuring project costs. The area under the supply curve represents opportunity costs.  These areas are the theoretically appropriate measures of the costs of the inputs.

As a practical matter, however, the most obvious and natural way to measure the value of the resources used by a project is simply the direct budgetary outlay needed to purchase the resources.  To determine when budgetary outlays should and should not be used as the measure of costs, the conceptually appropriate measure of costs is compared with the direct budgetary outlay measure of costs in three situations: 

(1) When the market for a resource is efficient and purchases of the resource for the project will have a negligible effect on the price of the resource, budgetary expenditures usually accurately measure project opportunity costs (i.e., when the supply curve is horizontal, the social cost of the input is identical to the budgetary outlay required to purchase the input -- both are equal to P0 times q').   Because most factors have neither steeply rising nor declining marginal cost curves, it is often reasonable to presume that expenditures on project inputs are equal to their social cost.
(2) When the market for the resource is efficient, but purchases for the project will have a noticeable effect on prices, budgetary outlays often only slightly overstate project opportunity costs.

(3) When the market for the resource is inefficient (i.e., there is a market failure), expenditures may substantially overstate or understate project opportunity costs. 

Measuring Opportunity Costs in Efficient Markets with Negligible Price Effects
The case of a horizontal (perfectly elastic) supply curve is discussed above (social cost equal to budgetary outlay).  In the case of a vertical (perfectly inelastic) supply curve (such as purchasing land via eminent domain), the situation is different.  Even if the government pays the owners a fair market price (hence, there are no price effects), the budgetary outlay would understate opportunity costs.  The reason is that the potential private buyers of the land lose consumer surplus (triangle aPb in Figure 4.12) as a result of the government taking away their opportunity to purchase land.  This loss is not included in the government’s purchase price.

Measuring Opportunity Costs in Efficient Markets with Noticeable Price Effects

When a large quantity of a resource is purchased, its price may increase, even if it is purchased in an efficient market.  Therefore, the project faces an upward sloping supply curve for the resource.  The price increase causes the original buyers in the market to decrease their purchases from q0 to q2 (see Figure 4.13).  However, total purchases, including those made by the project, expand from q0 to q1.  Thus, the q' units of the resource purchased by the project come from two distinct sources: (1) units bid away from their previous buyers, and (2) additional units sold in the market.  The price change must be taken into account in computing the opportunity cost.  The general rule is that opportunity cost equals expenditure less (plus) any increase (decrease) in social surplus occurring in the factor market.  The basic point here is that when prices change, budgetary outlays do not equal social costs.  Unless the rise in prices is quite substantial, however, the change in social surplus will be small relative to total budgetary costs.  This suggests that in many instances budgetary outlays will provide a pretty good approximation of true social cost.  If prices do go up substantially, however, budgetary costs need to be adjusted for CBA purposes.  If the demand and supply curves are linear (or can be reasonably assumed to be approximately linear), the amount of this adjustment can be calculated as the amount of the factor purchased for the project, q' multiplied by ½(P1 - P0).  The opportunity cost of purchasing the resource for the project can also be computed directly by multiplying the amount purchased by the average of the new and old prices – that is, by ½(P1 + P0) times q'.  The average of the new and old prices is a shadow price; it reflects the social opportunity cost of purchasing the resource more accurately than either the old price or the new price alone.

Measuring Costs in Inefficient Markets

A variety of circumstances can lead to inefficiency:  absence of a working market; market failures (e.g., public goods, externalities, monopolies, markets with few sellers, and information asymmetries); and distortions due to government interventions (such as taxes, subsidies, regulations, price ceilings, and price floors).   Any of these distortions can arise in factor markets, complicating the estimation of opportunity cost.  Three situations, in which shadow pricing is needed to measure accurately the opportunity cost of the input the government uses, are considered below:

· The government purchases an input at a price below the factor’s opportunity cost.   

· The government hires labor from a market in which there is unemployment.   

· The government purchases inputs for a project from a monopolist.   

.

Purchases at below opportunity costs.  As an example, consider the compensation paid to jurors for their time.  Typically, it is a flat per diem not reflecting the value of jurors’ time (as implied by their wage rates).  Thus, budgetary outlay to jurors almost certainly understates the opportunity cost of jurors’ time.  Consequently, some form of shadow pricing is necessary.  A better estimate of jurors’ opportunity cost, for example, would be their commuting expenses plus the number of juror-hours times either the average or median hourly wage rate for the area.

Hiring unemployed labor. There are at least five possible alternative measures of the social cost of hiring L' unemployed workers (see Figure 4.14):

Alternative A. Value the opportunity costs at zero.  This treats the unemployed as if their time is valueless. This is inappropriate for two reasons.  First, many unemployed persons are engaged in productive activities such as job search, childcare, and home improvements.  Second, even if the unemployed were completely at leisure, leisure itself has value to those enjoying it.

Alternative B.  Use the total budgetary expenditure on labor for the project (Pm times L').  The budgetary outlay for labor, however, is likely to overstate the true social cost of hiring unemployed workers for the project.  The difference between the value the unemployed place on their time, as indicated by the supply curve, and Pm, the price they are actually paid while employed, is producer (i.e., worker) surplus, which may be viewed as a transfer to the workers from the government agency hiring them.  To obtain an accurate measure of the social cost of hiring unemployed workers for the project, this producer surplus amount must be subtracted from the budgetary expenditure on labor.  Alternative B fails to do this.

Alternative C. As suggested above, subtract the producer surplus (area abcd) from the budgetary outlay and use the area under the supply curve between Ld and Lt (area abLtLd) as the cost estimate. This area provides an estimate of the opportunity cost of the newly hired workers.

Alternative D. A shortcoming of alternative C is that it assumes that all the unemployed workers are located between point c and point d on the supply curve.  Figure 4.14, however, indicates that all unemployed persons who value their time between Pr and Pm would be willing to work for a salary of Pm.  Therefore, it would be more accurate to assume that the unemployed persons who are hired for the project are distributed equally along the supply curve between points e and g and value their time, on average, by ½(Pm + Pr).  Thus, the social cost of hiring L' workers for the project would be equal to ½(Pm + Pr) * L'.

Alternative E.   A problem with alternative D is that Pr is likely to be unknown.  If so, a possible assumption is that unemployed persons hired for the project are distributed along the supply curve between Pm and zero.  Hence, the social cost of hiring workers for the project would be computed as ½Pm * L'.  Note that this estimate is equal to one-half the government’s budgetary outlay. This estimate is smaller and almost certainly less accurate than that computed using alternative D, but it is more easily obtained for use in actual studies.  It is best viewed as a practical lower-bound estimate of the true project social costs for labor, while the full value of project budgetary cost for labor (alternative B) provides an easily obtained upper-bound estimate.

Purchases from a monopoly.  In the case of government purchases from a monopoly, the demand curve for the input shifts to the right and the price and quantity sold increases.  This causes the monopolist’s producer surplus to increase (because it sells more at a higher price), the original buyers’ consumer surplus to decrease (because they are charged a higher price), and the government’s budgetary outlay to overstate the true social costs from the purchase (because the price the monopoly charges exceeds the marginal cost of production).  To correct the overstatement of social costs, the price should be adjusted downward using shadow pricing. The error resulting from using unadjusted budgetary expenditures, however, may not be very large. The size of the bias depends on how much the price the monopoly charges exceeds its marginal costs (i.e., how much monopoly power it actually has). 

The general rule.  Other market distortions can also affect opportunity costs.  A summary of the biases created by these distortions is as follows: 

· When supply is taxed, direct expenditure outlays overestimate opportunity cost.

· When supply is subsidized, expenditures underestimate opportunity cost.

· When supply exhibits positive externalities, expenditures overestimate opportunity cost.

· When supply exhibits negative externalities, expenditures underestimate opportunity costs.

The general rule to determine opportunity costs in such cases is: “Opportunity cost equals direct expenditures on the factor minus (plus) gains (losses) in social surplus occurring in the factor market.”

Boardman, Greenberg, Vining, Weimer / Cost-Benefit Analysis, 4th Edition
Instructor's Manual 4-1

