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OPPORTUNITY COST, MARGINALISM, EFFICIENCY AND EQUITY

OPTIMIZATION

The fundamental premise of microeconomics is that decision makers optimize.  For example, in production we assume that firms maximize profits and consumers maximize utility.  If decision makers don't optimize, it would change the results, maybe significantly in some cases.  For example, there is a school that believes that firms satisfice (i.e., continue with current output and pricing policies as long as profits meet or exceed an acceptable level).  As market conditions change, they may not alter behavior if profits remain above this target level.  Thus, satisficing firms will act differently than maximizing firms, particularly in the short run (there may not be much difference in long run equilibrium, if we ever get there).

There are two types of optimization problems:  unconstrained and constrained.

Unconstrained Optimization

In general, all activities have a benefit and a cost (costs should be measured as opportunity costs, i.e., what we give up to increase that activity).  In general, the more we engage in an activity, the greater the costs and benefits.  Maximizing self-interest requires that we find the appropriate balance between costs and benefits.  Thus, we want to maximize the net benefits of activity A, where:


NB(A) = TB(A) - TC(A).

To maximize with respect to the level of A, take the derivative with respect to A and set equal to zero:  dNB(A)/dA = 0  =>  dTB(A)/dA - dTC(A)/dA = 0  =>  MB(A) -MC(A) = 0  =>  MB(A) = MC(A).  Thus, general result implies that we should continue engaging in an activity as long as the MB exceeds the MC.  In that case, more of the activity adds more to benefits than it does to costs.  Thus, NB increases by continuing.  If MC > MB, more of the activity adds more to costs that to benefits, so NB would decrease.  Where MB = MC, the contribution to costs and benefits are equal, so NB doesn't change.  In general, expect MC to increase at an increasing rate (diminishing marginal productivity) and benefits to increase at a decreasing rate (satiation).  Thus, we get a unique global optimum where MC = MB.

As applied to production (the what question), TB = TR and MB = MR.  The firm's objective is to maximize profits (TR - TC) with respect to output (q).  This implies that the firm should produce where dTR(q)/dq = dTR(a)/dq  =>  MR = MC.  For example, if MR = 10 and MC = 5, producing an additional unit of output would increase revenues by more than costs.  Profits would increase by 5.  However, the opposite would occur if MR = 5 and MC = 10.  Assuming increasing MC, and constant or decreasing MR, profits are maximized if the firm stops expanding output when MC = MR.

Constrained Optimization

Many decisions are constrained (e.g., what is the best way to produce a given level of output; what is the most output we can produce with a given budget; how should candidates allocate campaign time and budgets; how should police allocate their budgets across patrols, detectives, gang sweeps, etc.; how should we allocate the defense or service budgets across procurement, manpower, reserves, etc.; etc.?).

We can derive this result mathematically.  Want to maximize TB = f(X, Y, Z):  subject to a resource constraint which involves the activities we can pursue, B = g(X, Y, Z) ≤ B*.  We can set up a Legrangian where we maximize the objective but penalize ourselves if we exceed the constraint.  The general result is MBx/MCx = MBy/MCy = MBz/MCz.  Thus, the ratio of the marginal benefit to marginal cost must be the same for all activities.

As applied to consumers (the for whom question), the objective is to maximize utility subject to a budget constraint.  MB = MU and MC = P.  Thus, the general result translates to MUx/Px = MUy/Py = MUz/Pz, where MUx/Px shows the extra utility received for the last dollar spent on good X (MU must be normalized by prices to account for differences in the prices of goods).  Intuitively, consumers should allocate their budgets so that the marginal utility received per dollar is equal for the last dollar spent on each good.  If MU/P were higher for one good, utility would be a better buy in this good than in any other.  The consumer could increase total utility by buying more of this good and less of the others.  For example, if pizza provides 5 units of utility for the last dollar spent on pizza while beer provides 10 units of utility for the last dollar spent on beer, consumers could increase utility by 5, for the same total expenditure, if they switched from pizza to beer.  They would continue to make this switch as long as there was a difference in MU per dollar across goods.  If consumers experience diminishing marginal utility, the MU of beer will decrease as they buy more beer and the MU of pizza will increase as they buy less pizza.  Thus, this budget reallocation will equate marginal utilities per dollar across all goods.

As applied to producers (the how question), the objective is to minimize cost subject to an output constraint.  (As output varies, this ensures we are on the productions possibilities frontier.  The MC used in the unconstrained optimization question should be the minimum cost for each output level as found here.)  Here, MB is the extra output the firm gets from hiring an additional unit of labor, capital, energy, etc.  The MC is the price paid for that unit.  Thus, the general result translates to MPl/Pl = MPk/Pk = MPe/Pe, where MPl/Pl shows the extra output received for the last dollar spent on labor, etc.  By the same intuition as above, costs cannot be minimized if this equality does not hold.  The input with the lowest ratio would be a better buy (more output per dollar) than the others and the firm could reduce total costs by buying more of that input.  For example, if producers receive 5 units of output for the last dollar spent on capital, and 10 units of output for the last dollar spent on labor, they could increase output by 5, without increasing total expenditures, if they replaced a dollar’s worth of capital with a dollar’s worth of labor.  As with consumers, producers would continue to make this switch as long as there was a difference in output per dollar across inputs.  If producers experience diminishing marginal productivity, the output per dollar of labor will decrease as they buy more labor and the output per dollar of capital will increase as they buy less capital.  Thus, this budget reallocation will equate marginal output per dollar across all goods.

Two lessons that come out of this exercise:  MB and MC (marginalism) are the appropriate factors to consider in any unconstrained or constrained optimization problem; and marginal opportunity cost, what we actually give up to obtain more of something, is the appropriate measure of MC.  Some people remember these lessons during economic problem sets and quizzes, but they are too infrequently carried outside the classroom.  This is particularly true in government policies.  To understand further, some misuses of opportunity cost and marginalism will be discussed.

OPPORTUNITY COSTS?

Frequently, the government sets standards to modify the behavior of producers or consumers if private decisions are not in the general interest.  For example, the government frequently imposes strict safety standards on businesses, both to ensure a safe work place for its customers (OSHA) and to ensure a safe product for consumers (auto/aircraft safety standards).  Sometimes these standards call for businesses to reduce the risk of injury to the maximum extent feasible, based on the best available technology.  What is the opportunity cost of these standards?  Who gives up what?  Taxpayers?  Owners of the business (i.e., profits)?  Consumers?

If standards impose additional costs on producers, how will perfectly competitive firms respond?  Will they pass the entire cost on to consumers in the short run?  In the long run?  For example, suppose a perfectly competitive pizza industry is producing and selling medium pizzas for $6.  The industry demand and supply curves and a representative firm's cost curves are shown below.  Initially, when price is $6, individual firms are producing 12 pizzas per hour.  There are 100 firms in the industry, so industry output is 1200 pizzas per hour.  Furthermore, the firm's LRAC and SRATC curves both hit their minimum points when P = 6 and q = 12.  Thus, firms are earning zero economic profits.  (Remember economic profits include a profit margin equal to what one could earn in the next best opportunity.  Thus, when firms earn zero profits they are doing at least as well as they could by liquidating their resources and entering another industry.)  At this point the industry is in short and long run equilibrium.  S = D in the industry, so there is no excess demand or supply to change price or output.  Firms are maximizing profits by producing where P = MC, so they have no incentive to change their output.  Finally, both long run and short run profits are zero, so there is no incentive for firms to enter or leave the industry.  If all of these conditions hold, firm and industry output and price will remain at their current levels until some exogenous force changes market conditions.
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Suppose the government imposes safety standards on pizza parlors, to protect employees from burning their hands and grating their fingers.  These safety standards raise the variable costs of production (by $5 at the current level of output).  This shifts the firm's MC, SRATC and LRAC curves up (by the amount of the increase in costs at each level of output) to MC', SRATC' and LRAC' as shown in the top panel of the figure above.  Because the firms' marginal cost curves shift up and to the left, the industry supply curve shifts in the same direction (a decrease in supply).  (Recall, the industry supply curve is the horizontal sum of the individual firms' MC curves.  The only way the industry supply curve can shift in the short run is if the firm's MC curves shift; firms cannot enter or leave the industry in the short run.  Entry and exit in the industry can only shift the supply curve in the long run.)

As shown in the industry graph, firms cannot pass the entire cost of the safety standards to consumers in the short run.  If they tried to pass the cost of the standards to consumers by raising their prices from $6 to $11, consumers would not buy the same quantity of medium sized pizzas.  This excess supply would cause prices to fall below $11, to $8 in the example above.  At $8, firms will reduce their output (costs have gone up by more that prices).  In this example, firms produce 10 pizzas per hour.  Similarly, industry output falls to 1000 pizzas per hour (there are still 100 firms).  Finally, P < ATC, so π < 0.  (We should check to see if P ≥ AVC at this output.  If not, the firm would shutdown in the short run.)  This is a short run equilibrium because S = D and firms are maximizing profits.  Thus, there are no pressures to change output or price in the short run.  However, π ≠ 0.  Thus, there is pressure to change P and Q in the long run as firms leave the industry.

In the short run, consumers bear $2 of the cost increase and producers bear the rest.  (If costs increase by $5/pizza at all output levels, the firms would bear $3/pizza of the cost increase.  If the increase in cost varies with output, the total cost burden may not equal $5 at all output levels.  In this case, the total costs borne by producers and consumers depends on output).  The incidence of this cost increase depends on the elasticity of demand and supply.  If demand is inelastic (consumer demand does not decrease much as price increases), producers will be able to raise prices without creating much excess supply.  Thus, consumers will bear most of the tax.  Alternatively, if demand is elastic, consumer demand falls rapidly as price increases.  In this case, producers will be able to pass on very little of the tax.  Similar arguments hold for elasticity of supply.  If the supply curve is elastic (flatter), consumers bear most of the cost increase.  If the supply curve is inelastic (steeper), producers bear most of the cost increase.

In the long run, firms will exit the industry because π < 0.  As firms exit, the supply curve shifts further to the left.  This increases market price and reduces output per firm.  As price goes up, output and profits per firm also increase (firms' costs do not change any further in the long run, so the increase in price is a real increase in their MR).  This continues until π = 0.  In this example, price increases until P = $11 (the break-even point of the new ATC).  Industry output falls to Q = 720, while output per firm rises to 12.  Thus, there must be 60 firms in the industry (40 have left the industry).  The industry is now in long run equilibrium, and consumers are bearing the entire burden of the increase in costs.  (In this example, this cost increase is $5 at this level of output.  Again, however, the cost may vary with the level of output.  Thus, if the new LRAC hit a minimum point at a different output, the per-unit cost of the standards might not equal $5.  In this case, consumers would bear the entire cost, whatever it is.)  This makes intuitive sense.  If firms are earning zero profits before the cost increase, they cannot bear any of the costs and remain in business.

This analysis helps describe the costs of the safety standards.  The safety standards will increase price and decrease output.  This imposes costs on consumers and producers (in the short run).  It also reduces employment in the industry, imposing additional costs on the displaced workers.  If this excess supply of labor reduces wages in other industries, these should also be considered as costs of the standards.  For the government, costs include monitoring and enforcement costs, reduced business profits, sales and personal income taxes, and increased unemployment compensation (at least until displaced pizza workers find other jobs).  Finally, the increase in the cost of pizza may encourage consumers to eat elsewhere.  If these other places have lower safety standards than the pizza industry, the total safety implications will be reduced.  (For example, an increase in safety standards on air travel increases airfares.  If this causes some people to drive instead of fly, total travel safety will decrease; air travel is much safer than auto travel, even with much lower safety standards for air travel.)

Similar arguments can be made for most other areas where the government imposes health, safety or standards (e.g., pesticide use, appliance energy efficiency, building codes, etc.).  This does not indicate standards should not be imposed.  There may be good reasons for considering standards (e.g., externalities, poorly informed consumers, inappropriate incentives, etc.).  However, it is important to consider all costs when balancing the costs and benefits of standards, and in comparing standards with other government policies for accomplishing the same objectives.

MARGINALISM?

A similar caution is appropriate for the use of marginal costs and benefits.  As indicated above, MC and MB are the appropriate measures to use when deciding how much of any activity to undertake.  This is true whether it is an unconstrained or constrained optimization.  Frequently, the government uses cost/benefit analysis to justify federal policies and programs.  Unfortunately, this comparison does not indicate whether the government has selected the appropriate level of activity.  It only shows whether the costs exceed the benefits for the selected level of the activity.  If we pursue all activities until the TC = TB, we have gone too far.  We need to consider MC and MB to find the optimal amount of the activity.  Once this has been established, we should compare TC and TB to ensure that the policy/project makes sense at this optimal level.  (Of course it is important to use opportunity costs in comparing MC and MB, and opportunity costs may depend on the size of the federal budget.  With a limited federal budget, the opportunity cost of government expenditures is the value of the next best use for those federal funds.  We will discuss this later, in conjunction with the discount rate, when we discuss cost/benefit analysis in more detail.)

For example, consider energy independence.  Suppose we find that the benefits exceed the costs for energy independence, even after accounting for all the indirect costs associated with energy independence (e.g., greater use of coal and possible nuclear power).  Does this mean that energy independence is a good policy?  Not necessarily.  This comparison involves total costs and benefits, not marginal costs and benefits.  If we consider MC and MB, we may find that 75% energy independence gives us 95% of the benefits for only 10% of the costs.  If the MC > MB for the next 1% increase in independence, we should stop here (assuming MB > MC for the last 1% of independence).  Once we have determined the optimal amount of independence, we can compare the TC and TB of that level of independence to make sure that the costs exceed the benefits.  But we need to consider MC and MB to find the optimal level first.

Thus, MC and MB are critical for allocating resources in both unconstrained and constrained optimization problems.  Furthermore, opportunity costs are the appropriate measure of costs.  Unfortunately, these points are frequently not considered in assessing government policies and programs.  This can lead to inappropriate government actions.

Efficiency vs. Equity

Assuming that all consumers maximize utility by consuming where MUx/Px = MUy/Py = MUz/Pz, we have shown that a competitive market economy will ensure that there is an efficient distribution of goods across consumers (the for whom question).  However, this does not ensure that the distribution will be fair.  If it is not equitable, there is no mechanism for the private market to secure the optimal amount of income redistribution.  (Income redistribution is essentially a public good.  As will be shown later, voluntary private contributions will provide less than the optimal amount of a public good.)  Thus, one role the government can play is to redistribute income.

Before advocating income redistribution, we must have some means to measure the distribution of income (or wealth).  If we cannot measure the distribution, it is hard to know whether it is equitable enough and whether our policies are having their intended effect.

How do we measure equity?  We can look at the percent of the population that accounts for 10% of income, 20%, 30%, etc.  However, this gives a lot of data that is hard to interpret.  This led to the Lorenz curve.  Line up the entire population from poorest to richest.  Measure the cumulative percent of income successive percentages of population account for, beginning with the poorest.  Plot these on a graph with percent population on the horizontal axis and percent income (wealth) on the vertical axis.  If the distribution is completely equitable, the graph will be a 45-degree line (everyone has the same income so the poorest 10% of the population account for 10% of the income, etc.).  If the distribution is completely inequitable (one person receives all the income and everyone else receives nothing), the graph will coincide with the horizontal axis until it reaches the last person.  This curve is called the Lorenz curve and gives a way to compare income (wealth) distributions across time or across geographic areas.  In 

general, Lorenz curves measuring the distribution of income indicate more equality than curves measuring the distribution of wealth.  Income tends to be more variable.  Sometimes wealthy people have years where their incomes are low.  This tends to equalize the income distribution.  On the other hand, wealth tends to be more stable and less equitable.

If two Lorenz curves cross, can we say which represents a more equitable distribution?  The Lorenz coefficient looks at the ratio of the area between the curve and the 45-degree line (area A in the figure below) and the total area under the 45-degree line (areas A + B in the figure below).  If A/(A + B) = 0, then area A = 0 and the distribution is completely equitable.  If A/(A + B) = 1, then area B = 0 and the distribution is completely inequitable.  Lorenz coefficients are one procedure used to measure equity over time and across areas.
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Labor Markets

After measuring the distribution, suppose the government decides we should try to make the distribution more equitable.  Thus, we have identified a problem:  the income (wealth) distribution is too inequitable.  (We will not discuss how this determination is made, or how to find the optimal income distribution.  These issues are largely political and ethical issues, not economic issues, on which there is little agreement.  Economists tend to focus on the trade offs between equity and efficiency inherent in the policy makers proposals.)  How does the government influence the distribution of income?  Through taxes, welfare payments, in-kind transfers (i.e., goods and services), minimum wage laws, special protection for troubled industries, etc.  Which of these policies is most efficient?  Most effective?  To answer these questions, it helps to understand what determines the distribution of income (i.e., the causes of the problem).  Then we can decide if these policies are an effective means of addressing the problem, or do they simply address the symptoms.

What determines the distribution of income?  Abstracting from accumulated wealth, the distribution of income is determined by the payments we receive for the capital and labor services we provide.  Thus, to understand the distribution of income, we have to understand how wage rates and interest rates are determined.

In general terms, what determines the price paid to capital and labor?  Demand and supply, as with all other prices.  The equilibrium price of capital and labor occurs where D = S.  Any other price would create an excess supply or demand for the factor, which would force price toward the equilibrium level.  There is one critical difference between factor markets and product markets:  individuals create the supply of factors and while firms create the demand for factors.  This is the opposite of the products market where individuals create the demand and firms create the supply.  While this difference is intuitively obvious, it is slight and easily forgotten, creating great confusion.  As in the product market, we will now examine what determines the demand and supply of labor, to better understand how factor markets work.

Who supplies labor?  Individuals.  What are individuals trying to achieve in general?  Maximize their utility.  As with the product market, we characterize consumers' decisions as maximizing utility subject to a budget constraint, but individuals are not trading off goods.  What are they trading off in deciding how much to labor to supply?  What do they give up if they work?  Leisure.  What do they give up if they don't work?  Income.  Thus, the trade off is between leisure and income.

We can draw indifference curves for leisure and income.  Assuming diminishing marginal utility for both leisure and income, we get the traditionally shaped indifference curves.  How much should we work and how much leisure should we consume?  Can't tell without a budget constraint.  What determines the budget constraint?  The wage rate dictates the market trade-off between leisure and income, and there are only a limited number of hours per day.  For every hour of leisure we forgo, our income increases by the wage rate (up to 24 hours).

The utility maximizing combination of income and leisure occurs where the budget constraint is tangent to an indifference curve.  (The quantity of labor supplied is the total amount of time available less the hours of leisure consumed.)  As the wage rate increases, the opportunity cost of leisure increases (we give up more leisure as the wage rate increases).  Thus, we tend to work more and laze less.  Graphically, an increase in wage rates rotates the budget constraint upward (it becomes steeper).  If the indifference curves have the normal shape, the tangency point moves up to the left along the indifference curve (to where the slope is steeper), representing a decrease in leisure and an increase in income.  Thus, the supply of labor increases as wage rates increase.  The market supply of labor is the horizontal sum of the individual supply curves.  (See graph below.)
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The positive relationship between wage rate and the quantity of labor supplied comes from the substitution effect:  as the wage (interest) rate increases, the opportunity cost of leisure (current consumption) increases so individuals tend to substitute labor (future consumption) for leisure (current consumption).  However, there is also an income effect:  as the wage (interest) rate increases, individuals become wealthier.  As wealth increases, individuals tend to increase their consumption of all goods, including leisure (current consumption).  In other words, as wage (interest) rates increase, individuals can increase both their leisure and income (current and future consumption), thus they may have an incentive to work (save) less.  If the income effect outweighs the substitution effect, the supply curve would slope downward.  This would create problems, because we could have no or multiple equilibrium points, and they may or may not be stable.

In actuality, we cannot verify that the supply curve ever slopes downward.  It is unlikely that the income effect dominates for low wage (interest) rates.  The most likely case would be for the supply curve to bend backwards at high wage (interest) rates.  High wage rate professions tend to involve more "workaholic" type individuals, who would not supply less labor as w increases.  Furthermore, there are institutional constraints on the minimum number of hours we can work in many cases.  As a result, we rarely observe a downward sloping supply of labor (capital) for an individual.  Furthermore, the market supply curve sums all individual supply curves.  New entrants to labor (capital) market, attracted by higher wage (interest) rates, would likely more than offset the tendency for any individuals to supply less labor (capital).  Thus, we recognize that a downward sloping supply curve is possible, but we will ignore that possibility and assume it always slopes upward.

Who demands labor?  Firms.  Why do they want labor?  To produce output (i.e., the demand for labor is a derived demand, derived from the desire to use it to produce output).  What decision rule can firms follow in deciding how much labor to use?  They want to use the amount that maximizes their profits, which is an unconstrained maximization.  Thus, they want to choose labor so that MCl = MBl.  What is MBl?  The benefit of these factors is that they increase the firm's revenues.  As the firm hires more labor, it can increase its output and sell that output to increase revenues.  Thus, MBl = (MPl)(MR).  MPl is the extra output from one more unit of labor and MR is the extra revenue we receive per unit from selling the extra output (i.e., if MPl = 10 and P = MR = $1, MBl = $10).  For labor, this is usually referred to as marginal revenue product (MRP = (MPl)(MR))

If we graph MRP, what shapes would you expect it to have?  It would slope downward from left to right.  Why?  As we increase L, MPl decreases due to diminishing marginal productivity.  Furthermore, as L increases, q increases as well, ceteris paribus.  Thus, MR either remains constant as L increases (if the output the firm produces is sold in a perfectly competitive market), or MR decreases as l increases (if the output the firm produces is sold in an imperfectly competitive market).  MRP is the firm's demand curve for labor.  The industry demand curve is the horizontal sum of the firms' demand curves.

Two other assumptions about the demand and supply for factors should be noted.  First, the wage rate includes total compensation, not just the monetary wage.  Thus, all salary, benefits and even psychic income (i.e., job satisfaction or dissatisfaction) are included in the wage rate.  Second, all units of labor are considered to be homogeneous.  There is no difference in skill or productivity.  The easiest way to handle different skill levels is to define them as belonging to different labor markets.  We can handle different skill levels in one labor market, but it adds complications without increasing the insights we gain from the model.  This complication will be ignored.

Considering the demand and supply of labor, we can understand what determines wage rates (and hence the distribution of income).  At equilibrium, w = MRP.  Thus, labor is paid the value of the output produced by the last unit of labor hired in the industry.  Wage rates will be low in industries where there is a relatively abundant supply of labor and a low value of output produced (i.e., either a low MPl, a low MR, or both).  These conditions tend to characterize unskilled and semi-skilled labor markets.

Note that there is no inefficiency.  As stated previously, competitive markets are efficient, but they can be inequitable at the same time.  The intent of government actions in this case is not to improve efficiency, but to correct an inequity.  Unfortunately, many policies to increase equity decrease efficiency.  Presumably, we want to minimize the loss in efficiency as we increase equity.

Minimum Wages

Suppose the government proposes to increase equity in the distribution of income by using a minimum wage law to increase the pay of the lowest income group.  What effect will this policy have?  Will it address the causes of the problem, or the symptoms?  Will it create inefficiencies?

What effect do minimum wage laws have on labor supply and demand?  None.  They simply hold wages above their equilibrium market value.  This increases the quantity supplied and decreases the quantity demanded, creating an excess supply of labor (unemployment).  This also supersedes market responses, so that prices can't adjust to eliminate the chronic excess supply.  Prices don't serve their allocative role and other mechanisms have to be developed to allocate the surplus supply to the limited demand (i.e., who gets the job?).  In labor markets, this can lead to discrimination, favoritism, nepotism, etc.

Is this an effective policy for making the distribution of income more equitable?  For those with jobs, it will increase their income.  However, there are many people that want jobs and cannot get them.  These people will face a reduction in income.  Furthermore, these unemployed workers may increase the labor supply in industries not covered by minimum wage laws (e.g., agriculture).  This would further depress wages in these jobs.  In addition, minimum wage laws will distort the signal to labor that they are working in a relatively low valued job.  At a lower wage rate, they might be more tempted (lower opportunity cost) to seek additional education or training so they could move to a higher paying job.  As the minimum wage increases, it reduces this incentive, and some of this labor may not move to higher valued occupations because of the minimum wage.  Finally, the minimum wage may benefit many non-poor (i.e., middle-class youths).  Minimum wage laws tend to address symptoms, not causes.

What alternative policies might you suggest to address the low wage rate problem?  There are several:  improving education, job training and other programs designed to move labor to higher valued occupations; investment subsidies to encourage capital investment that might increase MPl; and wage subsidies which shift the demand for labor to the right, increasing employment and the wage rate, all might help address the causes of the problem, rather than its symptoms.
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