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THE ROLE OF THE GOVERNMENT

Review

We have completed our discussion of how a market economy operates.  We started out asking how a market economy decides what to produce (what), how to produce it (how), and how to distribute it between consumers (for whom).  In a perfectly competitive market, firms produce the mix of products where P = MC in all industries, they choose the mix of inputs so that MCl/MCk = Pl/Pk, and consumers divide their income between products so that MUx/Px = MUy/Py.  Last time we looked at the properties of these outcomes.  In particular, we asked whether market economies are efficient, where efficiency is defined as maximizing the value consumers receive from the goods and service produced in the economy.  There are three aspects to this definition of efficiency:  producers must produce the mix of products that gives consumers the highest value, they must use efficient combinations of capital and labor in each industry (i.e., it is impossible to reallocate capital and labor across industries so that output in one or more industry can be increased without decreasing output in some other industry), and products must be distributed efficiently across consumers (i.e., it is impossible to reallocate products across consumers and make one or more consumers better off without making some other consumer(s) worse off).  The final aspect we have to describe to completely describe market economies is the role the government plays.

For the government, we are primarily interested in their microeconomic role.  This excludes fiscal and monetary policy, trade deficits, budget deficits, money supply, inflation, national unemployment, and other macroeconomic concerns.  What microeconomic roles does the government play?  There are four:  protect certain rights, produce certain goods and services, redistribute income, and correct market imperfections.  We will discuss each role.

Protect Certain Rights

There are certain rights that we have decided are inalienable rights.  These include free speech, religion, voting, emancipation, education, etc.  We have decided that losing these rights reduces human dignity, therefore they cannot be bought and sold even as a measure of last resort.  As a result, the government has removed these rights from the market place.  If markets for these rights were not prohibited, they could become marketable commodities.  For example, if someone feels strongly about a particular election, they might advertise to buy voting rights from other more apathetic voters.  Ads to buy and sell votes could appear in the newspaper, and we might see vote scalpers hanging around poling places.  It is not hard to imagine that a market price for votes would evolve, depending on the demand and supply of votes offered for sale.  This process could also occur for the other inalienable rights.  However, the government has prohibited markets for these rights (though some politicians don't appear to have learned this yet).

Produce Certain Goods and Services

One role the government plays in microeconomics is to provide certain goods and services, including national defense, highways, police protection, street lights, beach lifeguards, etc.  What characteristics distinguish these goods from the types of goods typically provided by the private sector (i.e., pizza, beer, shirts, etc.)?  There are two differences.  First, the goods the government provides can typically be consumed simultaneously by more than one consumer, without affecting the utility consumers receive from the good.  For example, all cars on the road benefit from streetlights, and the fact that there is more than one car does not reduce the value of the streetlights to the other cars.  In contrast, if someone starts eating my piece of pizza, it will affect my utility because I cannot eat the bites they eat.  Goods that can be consumed simultaneously by more than one consumer are called "joint consumption goods," and are said to be nonrivalrous in consumption.  However, there are several examples of joint consumption goods that are not provided by the government, including T.V., radio, movies, sporting events, concerts, etc.  Thus, a second property is also important in determining what goods the government provides.  It is typically hard to exclude individuals from consuming goods provided by the federal government, even if they have not paid for the good.  Suppose I have not paid for national defense or street lighting.  If we are attacked, how can I be excluded from national defense while my neighbor is defended?  Similarly, how can I be excluded from consuming streetlights when lighting is provided for the car next to me?  (There are areas where private companies provide fire protection.  In these areas, non-subscribers' houses may have to burn before others decide to subscribe in advance.)  This property is referred to as "Nonexcludability."  Goods provided by the government that are both nonrivalrous and nonexcludable are called "public goods."

How do we determine how much of a public good the government should provide?  The objective is to provide the amount where the marginal value individuals receive from one more unit of the good equals the marginal cost of providing that unit.  For private goods in perfectly competitive markets, this occurs where the aggregate demand and supply curves intersect.  the aggregate demand curve is the horizontal sum of the individuals' demand curves and the supply curve is the horizontal sum of the firm's MC curves (i.e., the total MC curve).  The same procedure is used to find the optimal quantity of public goods.  In particular, public goods should be provided to the point where the aggregate demand curve intersects the total marginal cost curve.  The difference is in calculating the aggregate demand curve.  How should we determine the aggregate demand curve for public goods?  Sum the individuals' demand curves.  How do we sum the individual curves?  For private goods, the aggregate demand curve is the horizontal sum of the individuals' demand curves because everyone pays the same price, but individuals can purchase different quantities.  For public goods, all individuals must consume the same quantity of the public good, but they receive different values from that quantity.  Thus, the aggregate demand curve is the vertical sum of the individual's demand curves.  This is illustrated graphically below.

Mathematically, suppose there are two individuals, 1 and 2, and their demand for a public goods are given by P1 = 100 - 0.1Q1d and P2 = 100 - 0.2Q2d, respectively.  To add demand curves vertically, P must be expressed as a function of Q before we can add the equations.  (Q is held constant for both individuals, Q1 = Q2 = QT, while P can vary.  Thus, we want to express P as a function of Q, then we can add the different Ps assuming Q1 = Q2 = QT.)  Because the equations are expressed in this for, we can add them directly.  Thus, PT = 200 - 0.3QT.  (For private goods, we would take the horizontal sum, expressing  Q as a function of P before adding.  Thus, for private goods the aggregate demand curve would be calculated as follows:  Q1d = 10P1 - 1000 and Q2d = 5P2 - 500  =>  QTd = 15PT - 1500  =>  PT = 100 - QTd/15.)
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Nonexcludability leads to free riding.  If people are asked to pay for public goods, they will understate the value they receive from the good to minimize their payment.  Instead, they will attempt to free ride on the contributions made by other individuals.  Free riding results in a decrease in the total amount of the good provided (the presence of free riding makes it impossible for the private sector to provide nonexcludable goods).  Free riding also shifts the burden of providing the public good to those individuals placing the highest value on the good, where value is determined by both preferences and ability to pay.  (In fact, if the benefits of the public good are distributed over a large enough population, so each individual's benefit is small relative to the total benefit, and the cost of the public good is large relative to each individual's benefit, none of public good will be provided if individuals' contributions are voluntary.)  Thus, the government cannot determine the demand for the public good by asking how much people are willing to pay for different amounts of the good.

How does the government decide how much of a public good to provide?  It is decided in the political budgeting process.  How does this reflect individual preferences for public goods?  In theory, individuals elect politicians that share their views regarding the optimal amounts of public goods to provide.  However, this has two shortcomings.  First, wining politicians frequently are supported by less than half the population (considering the percentage of registered voters, voter turnout, and votes cast for opposing candidates).  Second, politicians make decisions on several issues while voters frequently choose their candidates on the basis of one or two issues.  We may disagree with the candidate we support on more issues than we agree on, as long as we agree on the issue(s) we believe are most important.

Economists have developed other payment schemes that would encourage individuals to report their true value for the public good.  Under one scheme, people report what they are willing to pay for different quantities of the public good.  The government uses this and information about marginal costs to choose the optimal quantity of the public good (where marginal cost equals marginal total value).  Then each person pays an amount equal to the total cost of providing the public good minus the amount everyone else said they would pay for that quantity.  In this scheme, the value reported by each individual only affects the quantity of the public good provided.  Thus, lying about your value only influences the amount of the public good provided.  Individual payments are determined by the total cost of the good minus the value reported by all other individuals.  Thus, an individual's payment is independent of the value reported.  In this scheme, reporting true values will maximize each individual's utility.  Thus, there are payment schemes that can encourage truthful reporting of individual values, enabling the government to identify the optimal quantity of the public good.  Unfortunately, this type of scheme requires a great deal of information and there is no guarantee that the government budget would balance.  These shortcomings make this scheme difficult to implement, but this example shows that the mechanism used to make decisions can affect the information available to the decision makers.

Redistribute Income

As discussed previously, perfect competition gives an efficient allocation of products, but not necessarily an equitable distribution.  The private market income redistribution would be very limited without government intervention (even voluntary charitable contributions are encouraged by tax benefits).  If we value more equity (or less?), there is a government role.  How do we measure equity? Can look at the Lorenz curve, as described previously.  

Suppose the government decides to increase equity.  There are several alternative ways to increase equity.  Taxes and welfare payments are the main mechanisms in market economies.  Let's consider taxes first.  There are three types of tax schemes:  Progressive, proportional, and regressive.  Progressive taxes take a higher percent of income from people with higher incomes.  Proportional taxes take the same percent of income from people in all income groups.  Regressive taxes take a higher percent of income from people in low-income brackets.  Thus, progressive taxes tend to increase equity; proportional taxes do not affect equity; and regressive taxes decrease equity.

What types of taxes do people pay in the U.S.?  Income taxes, sales/excise taxes, property taxes, corporate profits taxes, etc.  Are income taxes progressive, proportional, or regressive?  Slightly progressive.  They used to be more progressive before the recent tax reforms, though they are still slightly regressive despite tax loopholes.  What about sales/excise taxes?  Regressive.  All income groups pay the same percentage of the product price in taxes, but poorer people tend to spend a higher percent of their income on items subject to sales/excise taxes (wealthier people may pay a higher absolute amount of income on sales/excise taxes, but poor people spend a higher percent of their income on these taxes).  What about property taxes?  The incidence is hard to predict.  Wealthier people spend more of their income on property, so the tax would seem to be progressive.  On the other hand, poorer people spend a higher percent of their income on housing.  If property taxes were passed on to tenants through rents, then the tax would be regressive.  These are generally considered roughly proportional.  What about corporate profits taxes?  Again the effect is hard to predict.  Wealthier people tend to spend more of their income on stocks and other forms of corporate ownership.  Thus, these taxes would appear to be progressive.  On the other hand, poorer people tend to spend a higher percent of their income on the output produced by these firms.  If corporate profits taxes are passed on to consumers as a cost of doing business, then corporate profits taxes would become regressive.  Again it is hard to tell, and they are typically considered roughly proportional.

What is net effect of overall U.S. tax system?  Again hard to tell, but considered regressive for low incomes (less than $5000/annually) and roughly proportional for all others.  For people with low incomes, the progressivity of income taxes is insufficient to out weigh the regressivity of sales/excise taxes.  As income increases, the redistributive effects of income taxes offset the redistributive effects of sales/excise taxes.

However, this is not the complete story?  To determine the net impact of government redistributive programs we must also consider welfare payments.  Poorer people receive the greatest benefit from welfare payments, despite instances of fraud and abuse.  Thus, they tend to be progressive.  Combined with taxes, the tax and welfare system tends to be roughly proportional at all income levels.  Data on pre and post tax income distributions seem to support this (though the after tax distribution has become less equitable over the last several years).

This measures equity based on monetary payments rather than the value those payments provide the recipients.  Can you think of a way to increase the value of welfare payments to the recipients without increasing the monetary cost?  Use cash rather than in-kind payments.  Payments in-kind shift the budget constraint to the right, as shown below, but the curve is truncated.  You cannot turn in-kind payments into cash, so you receive a minimum amount of the in-kind good.  If the government gave you an equivalent amount of cash, the new budget constraint would extend all the way to the vertical axis.  If your indifference curve is tangent to the budget constraint in this extended portion (i.e., would choose to spend less on the in-kind good than the value of the in-kind payment you receive from the government) then you would be better off with the cash.  If your indifference curve is tangent in the lower portion of the budget constraint (i.e., you would choose to purchase as much or more of the in-kind good than you received) then you would be indifferent between the cash and in-kind payment.  Why do we rely on in-kind welfare payments (paternalistic feelings, get rid of government surpluses, etc.)

Is there a cost to government efforts to redistribute income?  Bureaucratic costs.  What about costs in terms of efficiency?  Influences incentives so we typically sacrifice efficiency for equity.  As a result, economists try to find taxes that will have the smallest distortion of private decisions.  Can you think of any taxes that will not distort consumers or producers decisions?  Income taxes reduce the incentive to work (per week and retirement age), sales and excise taxes change consumption patterns (this leads to taxes on goods with inelastic demands), and corporate profits taxes influence labor/capital decisions (labor is an expense while accounting profits include the required return to capital.  A lump-sum tax (i.e., a tax that is levied with out any relationship to income, expenditures) is the only tax that does not introduce distortions.  However, it will not redistribute income in any systematic manner.  Politically not very popular.
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Correct Market Imperfections

Perfect competition implies that firms produce where P = MC.  If price measures the value consumers receive from obtaining one more unit of the good, and MC measures the cost the economy incurs in producing one more unit, then P = MC is the efficient level of output.  There are at least two types of imperfections that occur in market economies.  If firms have market power, they face downward sloping demand curves.  In this case they produce where P > MR = MC.  This introduces an inefficiency.  Thus, one government role is to police the market place to keep firms from achieving excessive market power.  We have already discussed this federal role.

Another market imperfection occurs when there are costs and benefits that are not measured in the market place.  These costs and benefits are called externalities; they are external to the market pricing mechanism.  Examples of external costs include air, water, and noise pollution, traffic congestion, etc.  External benefits include education, home maintenance, driving habits, personal hygiene, etc.  

If there are external costs, then MC as viewed by the firm does not reflect the entire cost the economy bears in producing the good.  There is a social marginal cost curve (SMC) that exceeds the private marginal cost curve (PMC).  Firms choose output to equate PMC = MR, while efficiency requires that producers consider all costs in their production decisions.  In other words, they should produce where SMC = MR.  Firms will overproduce when there are external costs.  Conversely, if there are external benefits, P may not reflect the actual value that the good provides.  Social marginal value exceeds private marginal value, and consumers will under consume goods when there are external benefits.  Both situations are depicted below.

For example, suppose there is a chicken farm next to a retirement home.  The chicken farm creates noise and odor that imposes an external cost on the residents of the retirement home.  Is government intervention required?  Does it matter where they are located and how many businesses/residences there are in the surrounding area?  Suppose that the chicken farm and the retirement home are in the country with no surrounding businesses/residences.  What would you expect to happen?  Because the party creating the externality and the party bearing the cost are easily identified, the owners of the retirement home and the chicken farm will probably get together and negotiate a settlement.  Is government intervention required in this case?  All the government needs to do is establish property rights (i.e., who is liable for the damage created).  Zoning laws are probably sufficient in this case.
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What happens if the chicken farm is liable for the damage?  The chicken farm will have to compensate the retirement home for any damage created.  This compensation will equal the cost of the externality, making PMC = SMC.  The chicken farmer will produce the optimal amount of chickens in this case (i.e., when SMC = PMC, the firm produces where MR = PMC = SMC).  What if the retirement home is liable for the damages?  The retirement home owner will pay the chicken farmer to reduce the level of noise and odor pollution.  The payment offered will equal the cost of the externality imposed on the retirement home.  How will this affect the chicken farmer?  It increases the opportunity cost of raising chickens.  To raise a chicken, the farmer must pay for the costs of the chicken farm and forego the payment from the retirement home.  If the payment is equal to the external cost, this again makes PMC = SMC, and the chicken farmer raises the optimal number of chickens.  It doesn't matter who is liable, as long as the parties can easily get together and bargain with one another, they will reach the optimal solution.

What if the chicken farm and the retirement home are in a crowded area with many other businesses/residences?  In this case, negotiation costs will increase and it is less likely that the two parties can get together and negotiate.  As the bargaining costs increase, the case for more pro-active government interaction grows stronger.  Consider pollution in Connecticut that is generated in New York.  It is unlikely that all residents in Connecticut can get together with all offending businesses in New York and negotiate a solution.  Thus, government intervention is required to ensure efficiency.

What actions can the government take?  The most common is regulation.  The government establishes a pollution standard that businesses cannot exceed.  If they set the limit at the level of pollution created by the optimal output, firms will be constrained to producing that output.  Thus, regulation can lead to the optimal solution.  Another alternative is a pollution tax; the government sets a tax that is equal to the value of the external cost (or subsidy equal to the value of the external benefit).  This increases the firms' MC so that PMC = SMC and firms produce the optimal level of output.  What if they give firms pollution reduction subsidies rather than tax pollution?  The outcome is the same.  The subsidy would increase the firms' opportunity costs, and make PMC = SMC.  Thus, pollution taxes or pollution reduction subsidies can also lead to the optimal solution. (Note that both policies require information regarding the value of the external cost to result in the optimal solution.  Regulation requires this information to identify the optimal level of the externality while the tax/subsidy method requires this information to set the tax/subsidy.  There is no difference in the information requirement of these two approaches.)

Which form of intervention do economists prefer?  Taxes/subsidies.  The two approaches have different philosophies.  Both approaches recognize that the market mechanism breaks down when there are externalities.  Regulation essentially replaces the market mechanism with a bureaucratic mechanism.  Taxes/subsidies attempt to correct the market mechanism and allow it to continue working.  If both approaches can result in the optimal level of output, what is the difference?

The difference is apparent as market conditions change.  One of the main advantages of market over bureaucratic mechanisms is that markets automatically respond to changes in market conditions, and they respond in the appropriate way.  Bureaucratic mechanisms require bureaucratic actions to respond to changing market conditions.  For example, suppose we are at the optimal output of chickens when the demand for chickens increases.  If consumers attach a greater value to chickens, efficiency requires that we devote more resources to chicken production.  MC should increase until SMC = P.  With pollution taxes/subsidies, firms will automatically respond in the appropriate manner.  With regulation, chicken farmers cannot increase their output of chickens without a change in the regulations.  Thus, the regulatory board would have to convene ever time market conditions changes and establish a new regulatory limit.  There is a similar inflexibility with respect to pollution control equipment.  With taxes/subsidies, the firms have a choice of reducing externalities by installing anti pollution technology or paying the tax.  If abatement costs are less than the tax/subsidy firms will adopt abatement technology.  As new technology is introduced, they will always make the appropriate solution regarding whether to install the new technology.  With regulation, firms have the right to create a certain amount of pollution.  As long as they are not exceeding their standards, the do not have an incentive to install new abatement technologies.  Thus, regulation does not have the automatic adjustment process found in the market mechanism.
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Markets

While taxes are better than regulation, there are still problems with taxes.  Pollution in a particular area is a public good in that it affects everyone in the area.  Thus, pollution emitted by several sources will simultaneously affect everyone in the geographic region.  Furthermore, the pollution typically has increasing MC.  Thus, the environmental cost of the pollution from one source depends on the pollution produced by all other sources (i.e., the vertical distance between the SMC and PMC depends on both the firms output and the pollution currently produced by all other firms.  This makes calculating the optimal tax or regulation an extremely difficult proposition.  Policy makers would have to know the cost of pollution, the cost of abetment technologies for each source, the firm's MC, and demand for the product.  Then the government would have to simultaneously solve for each firm's optimal tax or regulation.  This is unrealistic.

In reality, the government typically decides how much pollution will be accepted in a particular geographic region and takes action to restrain pollution to this level.  This more realistic approach shifts the problem from and unconstrained optimization (reduce pollution until the MC = MB for further pollution reduction) to a constrained optimization (minimize the cost of achieving a predetermined total pollution level).  This cost minimization requires equating the MC of additional pollution abatement across sources.  For example, suppose there are three sources of pollution in the Los Angeles air basin:  autos, utilities, and factories.  If it cost $10 to reduce auto pollution by one more unit (i.e., MCA = 10), while it only cost $5 to reduce utility and factory pollution by one more unit (i.e., MCU = MCF = 5), pollution reductions costs are not minimized.  If autos are allowed to increase pollution by 1 unit, they save $10.  At the same time, it only costs utilities and factories $5 to reduce pollution by one unit.  Thus, the same level of pollution reduction can be achieved at a lower cost by allowing cars to increase their pollution while reducing pollution from utilities and factories.  If MCA = MCU = MCF, then there is no way to reduce the cost of achieving the predetermined pollution level.

Graphically, suppose that the MC of pollution abatement is increasing for all three sources.  These MC curves are shown in the graph below.  If we know how much we want to reduce total pollution, how do we decide how much each source should reduce pollution?  First we need to find the total MC of pollution abatement by horizontally summing the individual MC curves.  We know that MCA = MCU = MCF at the cost minimizing point.  If the MC of pollution abatement is the same for each individual source, the cost of reducing pollution from any source must also equal this value.  In other words, MCA = MCU = MCF = MCT.  Thus, we find the total MC by picking a value for MCA = MCU = MCF, and adding the reductions in pollution from each source associated with these MCs.  This gives the total pollution reduction for that MC.  The procedure is repeated for other MCs.  This is called the horizontal sum of the individual Mc curves because we are adding the horizontal distances for a particular value on the vertical axis.  In the graph, MCT and RT are determined by the intersection of the MCT curve and the predetermined pollution reduction, as shown below.  To find the cost minimizing level of pollution abatement from each source, simply find the level of abatement where MCT = MCA = MCU = MCF, as shown below.
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Using taxes or regulation to find the cost minimizing pollution reduction combination across sources would require that the government know the MC of reduction for each firm.  Then a different regulation or tax would be set for each source to equate the MC across sources.  The government does not typically have this information.  Thus, regulation and taxes are typically set without regard to the different MCs across sources.

An alternative would establish a market for pollution rights.  Pollution permits that limited pollution to the desired level would be distributed to producers.  These permits could then be traded between producers.   This system would create a market for pollution rights.  The market price would reflect the opportunity cost of pollution.  A firm generating pollution would have to decide whether it was cheaper to obtain/use pollution rights, reduce pollution, or relocate to another area.  Because the price for pollution rights would be established in the market, the distribution of pollution rights would be efficient (i.e., pollution would be reduced in those areas where reduction is cheapest, or by eliminating the least valuable products).  In the terminology from above, MCA = MCU = MCF = MCT.  Furthermore, pollution rights automatically adjust when the number of firms and market conditions change.  Firms would only enter the market if the value of their output, net of both production costs and external costs, exceeded the net value of output from an existing producer.  Similarly, if demand increased for one product, the value of its output would increase.  The value of pollution permits would also increase.  This would enable the firm to purchase additional permits and expand output.  In all cases, production and pollution abatement would adjust to achieve the predetermined pollution level at the minimum cost.  This automatic adjustment would not occur with taxes or regulation.

Does the initial distribution of pollution rights affect the final outcome?  No.  It determines the income distribution (income is transferred to firms receiving the initial allocation of rights, but it does not affect the final distribution).  Thus, the distribution of the initial pollution rights can be used to help minimize opposition to the policy  For example, the pollution rights can be given to the groups most likely to oppose the policy (i.e., as compensation to those who will suffer the greatest cost).

How should we determine the optimal level of pollution reduction?  For this calculation, we would have to know the benefits of reducing pollution.  In particular, we want to find the point where MB = MC (i.e., this is an unconstrained optimization).  Presumably, MB decreases as the level of pollution reduction increases.  The optimal pollution level occurs where the MB and MCT curves intersect.  (See figure)  If we knew this optimal point, we would issue the corresponding number of pollution permits.  The market would ensure that pollution reduction was achieved in the cost minimizing manner.
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Unfortunately, it is unlikely that we can identify the optimal point because it is difficult to measure the cost of pollution.  Furthermore, the optimal point changes are market conditions change (i.e., changes in product demand, entry of firms, etc.).  Thus, the number of permits would have to be adjusted continually.  As a result, the government would likely set a maximum level of allowable pollution and seek to minimize the total cost of achieving this level.  As described above, a market is the easiest way to achieve this.

Example

The relative performance of regulation, taxes and markets can be illustrated with an example.  Suppose air pollution in the L.A. basin is produced from three sources:  autos, utilities, and factories.  Total pollution is 150,000 units.  Pollution by source and the associated costs of pollution reduction are given in the table below.

Hypothetical Air Pollution Levels in L.A.  (Three Sources)

	Source
	Pollution Level (Units/Month)
	Cost of Pollution Reduction (Ri) ($/Ri/Mo)

	Autos
	50,000
	.0002(RA)2

	Utilities
	30,000
	.0002(RU)2

	Factories
	70,000
	.001(RF)2

	Total
	150,000
	


The government wants to reduce air pollution in the L.A. basin by 120,000 units/month.  Calculate the allowed pollution (units/month), required pollution reduction (units/month), and cost of pollution reduction ($/month) for each of the following policies:

A.
A uniform ceiling of 10,000 units/month on all sources.

B.
A uniform reduction of 45,000 units/month from all sources.

C.
A uniform Reduction of 80% from all sources.

D.
An emission tax of $80/unit/month imposed on all sources.

E.
Tradable permits for 30,000 units of pollution per month.

Answers:

A.
A uniform ceiling of 10,000 units/month on all sources.

	Source
	Allowed Pollution

(units/Month)
	Emission Reduction

(Units/Month)
	Cost Of Emission Reduction ($/Mo)

	Auto
	10,000
	40,000
	320,000

	Utilities
	10,000
	20,000
	80,000

	Factories
	10,000
	60,000
	3,600,000

	Total
	30,000
	120,000
	4,000,000


B.
A uniform reduction of 45,000 units/month from all sources.

	Source
	Allowed Pollution

(units/Month)
	Emission Reduction

(Units/Month)
	Cost Of Emission Reduction ($/Mo)

	Auto
	5,000
	45,000
	405,000

	Utilities
	0
	30,000
	180,000

	Factories
	25,000
	45,000
	2,025,000

	Total
	30,000
	120,000
	2,610,000


C.
A uniform Reduction of 80% from all sources.

	Source
	Allowed Pollution

(units/Month)
	Emission Reduction

(Units/Month)
	Cost Of Emission Reduction ($/Mo)

	Auto
	10,000
	40,000
	320,000

	Utilities
	6,000
	24,000
	115,200

	Factories
	14,000
	56,000
	3,136,000

	Total
	30,000
	120,000
	3,571,200


D.
An emission tax of $80/unit/month imposed on all sources.

	Source
	Least Cost

Pollution
	Emission

Reduction
	Cost Of Emission Reduction ($/Mo)
	Tax

Paid
	Total Net Cost

	Auto
	0
	50,000
	500,000
	0
	500,000

	Utilities
	0
	30,000
	180,000
	0
	180,000

	Factories
	30,000
	40,000
	1,600,000
	2,400,000
	4,000,000

	Total
	30,000
	120,000
	2,280,000
	2,400,000
	4,680,000


The optimal pollution reduction for each source is calculated by comparing the  the MC of further pollution reductions (MC(Ri)) to the tax.  If the MC(Ri) < tax, it is cheaper to reduce pollution than to pay the tax.  However, if the MC(Ri) > tax, it is cheaper to pollute and pay the tax.  Thus, each source will reduce pollution until MC(Ri) = 80 = tax.  MC(Ri) = dC(Ri)/dRi, where C(Ri) is the pollution reduction cost function given in the original table.

dC(RA)/dRA = 80  =>  d[.0002(RA)2]/dRA = 80  =>  .0004RA = 80  =>  RA = 200,000

dC(RU)/dRU = 80  =>  d[.0002(RU)2]/dRU = 80  =>  .0004RU = 80  =>  RU = 200,000

dC(RF)/dRF = 80  =>  d[.001(RF)2]/dRF  = 80  =>  .002RF  = 80  =>  RF =  40,000

Thus, it is cheaper to reduce pollution up to 200,000 units for both autos and utilities than to pay the tax, so autos and utilities would eliminate all pollution.  For factories, pollution reduction becomes more expensive than the tax after reducing pollution by 40,000 units/month, so factories will continue producing 30,000 units of pollution and pay $2,400,000 in pollution taxes.

Note that in this example, the tax was selected so that total pollution from all three sources equaled 30,000.  How can we find this tax?  We want to find the cost minimizing way of reducing pollution by 120,000 (to 30,000).  Thus, we want to minimize C(RA) + C(RU) +C(RF) subject to RA + RU + RF = 120,000.  We can solve this using a Legrangian.  Choose RA, RU, and RF to minimize:

L = C(RA) + C(RU) +C(RF) + (120,000 - RA - RU - RF) = .0002(RA)2 + .0002(RU)2 + .001(RF)2 + (120,000 - RA - RU - RF)  =>

(1)
dL/dRA = .0004RA -  = 0  =>  .0004RA = 
(2)
dL/dRU = .0004RU -  = 0  =>  .0004RU = 
(3)
dL/dRF = .002RF  -  = 0  =>   .002RF = 
(4)
dL/d  = 120,000 - RA - RU - RF = 0  =>  120,000 = RA + RU + RF
Combining (1) and (2)  =>  RA = RU.  Combining (2) and (3)  =>  RF = .2RU.  Plugging these relationships into (4) yields:  120,000 = RU + RU + .2RU  =>  2.2RU = 120,000  => RU = 54,545.  From above, RA = RU  =>  RA = 54,545 and RF = .2RU. =>  RF = 10,909.  However, this is not a feasible solution because autos and utilities cannot reduce pollution by 54,545.  Thus, to minimize cost, autos and utilities should eliminate all their pollution, and factories should eliminate all but 30,000 of their pollution.  At these levels of pollution reduction, MC(RA) = 20, MC(RU) = 12, and MC(RF) = 80.  These MCs are not equal, as would be required at the cost minimizing point, but it is the best we can do.  We cannot reduce pollution any more from the sources where the MC is lowest.  Thus, we need to set the tax equal to MC(RF) = 80.  This will ensure that we eliminate all auto and utility pollution and 40,000 from factories.  (If we had only wanted to reduce pollution by 44,000 (to 106,000), following the same procedure, the cost minimizing combination of pollution reductions is RA = RU = 20,000 and RF = 4,000.  At these reductions, MC(RA) =  MC(RU) = MC(RF) = 8.  Thus, a $8/unit/month tax would accomplish the desired reduction, and all sources would partially eliminate pollution.)

This demonstrates that calculating the optimal tax requires information about pollution reduction costs for each source.  Without this information, it is impossible to determine the tax that achieves the desired level of pollution reduction.  One alternative is to pick a tax and see if it reduces polluton by the desired amount, then adjust the tax incrementally unitl the desired pollution reduction is achieved.  As another alternative, markets for pollution permits can be established.  As shown below, this will result in the cost minimizing level of pollution reduction across sources even if policy makers have no information regarding each source's pollution reduction costs.

E.
Tradable permits for 30,000 units of pollution per month.

	Source
	Permits

Issued
	Least Cost

Pollution
	Emission

Reduction
	Abatement

Cost ($/Mo)
	Permit Cost/(Gain)
	Total Net Cost/(Gain)

	Auto
	10,000
	0
	50,000
	500,000
	(800,000)
	(300,000)

	Utilities
	10,000
	0
	30,000
	180,000
	(800,000)
	(620,000)

	Factories
	10,000
	30,000
	40,000
	1,600,000
	1,600,000
	3,200,000

	Total
	30,000
	30,000
	120,000
	2,280,000
	0
	2,280,000


To find the optimal distribution and price of permits, we have to determine the aggregate demand and supply of permits.  Each source's demand for permits comes from its cost minimizing choice between reducing pollution and purchasing permits.  Consider the auto industry.  The auto industry's total pollution cost is TPCA = C(RA) + P(LA - 10,000), where C(RA) is the source's pollution reduction costs, P is the unit price of a pollution permit, LA is the total number of permits used in the auto industry.  The industry was initially given 10,000 permits, so (LA - 10,000) is the number of permits the industry must purchase.  (Note that if the industry reduces pollution enough that it uses less than 10,000 permits, LA - 10,000 is a negative number indicating that the sale of permits helps offset some of the industry's pollution reduction costs.)  The auto industry wants to choose the number of permits that minimizes TPCA.  C(RA) for the auto industry is C(RA) = .0002(RA)2 = .0002(50,000 - LA)2, because the industry must have a permit for every unit of pollution emitted.  Thus, the industry wants to choose LA to minimize TPCA = .0002(50,000 - LA)2 + P(LA - 10,000)  =>  dTPCA/dLA = 0  =>  

-.0004(50,000 - LA) + P = 0  =>  LA = 50,000 - 2,500P.

The cost minimizing number of permits for the other sources as a function of permit price is:  LU = 30,000 - 2,500P and LF = 70,000 - 500P.  These are the demand curves for permits for each source.  To find the total demand, we horizontally sum of the individual demand curves:  LT = LA + LU +LF = 150,000 - 5,500P.  There are 30,000 permits, so this is the supply of permits.  The equilibrium price is where S = D  =>  30,000 = 150,000 - 5,500P  =>  P = 21.81.  At this price, LA = -4,525, LU = -24,525, and LF = 59,095.  

Unfortunately, this is not a feasible solution.  At a price of $21.81, the auto and utility industry want a negative number of permits (i.e., they want to sell more permits than they have).  Similarly, factories want to purchase more permits than the 30,000 available permits.  Thus, autos and utilities will eliminate all of their pollution and sell their permits to factories.  Factories will obtain a total of 30,000 permits.  From their demand curve, 30,000 = LF = 70,000 - 500P  =>  P = 80.  Thus, they will pay $80/permit.  This is the answer given in the table above.  (If we had only wanted to reduce pollution by 44,000 (to 106,000), the supply of permits would increase to 106,000 and the equilibrium price of a permit would occur where 106,000 = 150,000 - 5,500P  =>  P = 8.  If P = 8, LA = 30,000, LU = 10,000, and LF = 66,000.  Thus, permits would cost $8/unit of pollution and all sources would partially but not completely eliminate pollution.)
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