Bill Gates

Quiz 1: Answers

MN3140  Microeconomics
Spring 1999
1. a.
The demand curve shows the relationship between the price of a good and the quantity of the good demanded by consumers.  The demand curve for weapon system maintenance is likely to slope downward from left to right exhibiting some sensitivity between price and quantity.  A vertical demand curve would indicate that the quantity demanded is completely insensitive to price; we are going to perform a certain amount of weapon system maintenance in each period (i.e., certain maintenance actions) regardless of price.  Analysts that hypothesize a completely inelastic demand curve for weapon system maintenance typically argue that maintenance actions must be performed as scheduled to keep the systems operational, particularly ships and aircraft.  Thus, we must perform these actions whatever the cost.  There is no substitute for these maintenance actions.

In reality, there are two reasons the demand curve slopes downward for normal goods:  the substitution and income effects.  With the substitution effect, as the price of a good increases (decreases), ceteris paribus, it becomes more (less)expensive relative to substitute goods. Thus, consumers will buy less of this good and more of the substitute good.  This clearly applies to weapon systems, to the extent different weapon systems are substitutes in providing national defense.  There is an option to maintaining a particular weapon:  using a different weapon to provide national security.  The income effect addresses the change in effective income as the price of a good changes.  With regard to weapon system maintenance, as maintenance costs increase, ceteris paribus (i.e., given the Defense Department’s fixed budget), the Defense Department becomes effectively poorer.  Thus, the Defense Department can afford less of everything, including weapon system maintenance.  The income effect clearly holds for weapon system maintenance.  Thus, weapon system maintenance likely has a downward loping demand curve; it is not perfectly inelastic.

b. The supply curve shows the relationship between the price of a good and the quantity of the good that producers will supply.  The supply curve is likely to be upward sloping because it becomes more profitable to produce a good as its price increases, ceteris paribus.  However, if the producer is a government entity, there is no real profit motive.  Thus, it is unclear how the producer would respond to a change in price.  Generally the producer will produce as much as the budget allows; equilibrium price is an irrelevant concept.

The slope of the supply curve indicates the responsiveness of quantity supplied to changes in market price; a flat (steep) supply curve indicates that the quantity supplied increases rapidly (slowly) as price increases.  There are two factors affecting the slope of the supply curve:  how quickly existing suppliers can increase their output with their existing facilities (short run) and how quickly existing producers can expand their capacity or new suppliers obtain capacity and enter the industry (long run).  One would think that quantity supplied would be more responsive to changes in price in the short run with more suppliers, but it is hard to tell.  The shape of the supply curve (as we are now discussing) really depends on the marginal productivity of labor.  Several small firms may not be more responsive than one large firm.  In the long run, responsiveness requires low entry barriers.

c. To maximize profits, a firm should choose to produce the output where MC = MR.  In other words, it should continue to expand its output as long as the marginal cost (increase in total cost) of producing an additional unit of output is less than the marginal revenue (increase in total revenue) from selling that unit of output. If MC < MR, producing the unit makes a positive contribution to the firm’s profits.  If MC > MR, producing that unit adds more to costs than it adds to revenues. This would decrease the firm’s profits. If the firm stops producing where MC = MR (and the cost and revenue curves have the normal shapes), it has produced all those units that make a positive contribution to profits, but none of those units that decrease profits.

If there are competing firms, and their objectives are to maximize profits, they will tend to reduce their prices slightly to increase their sales and their market share.  Because all firms have a similar tendency, prices may be bid down to the level where the least efficient firm has zero economic profits (normal accounting profits).  The degree to which competition between firms will reduce economic profits depends in part on the number of competing firms; the more firms the lower the profits.  If producers are government owned, they are less likely to be profit maximizers.  This will reduce the downward pressure on prices.  However, it will also reduce the likelihood that firms are producing the output where MC = MR (without  profit motive firms may produce a different output level).

If the firm does not know the government’s demand curve, it will not be able to explicitly choose the output level where MC = MR, because it will not know MR (which comes from the demand curve).  Thus, it will have to experiment with different output and price levels to incrementally find the level of output that maximizes profits.

d.
While the Defense Department’s demand curve may emulate a market demand curve, there are reasons to question whether the Defense Department can imitate a competitive market for weapon system maintenance.  In the first place, users don’t typically pay for the maintenance services they receive.  Thus, it is unlikely that the Defense Department acts like a utility maximizing consumer facing a budget constraint in making its consumption decisions. Furthermore, the production side is generally characterized by few producers, often government owed.  This gives reason to question whether suppliers will act like profit maximizing competitive firms.  However, I will certainly keep an open mind while reading your reasoning to this question.

2.
a.
Equilibrium price and quantity is found by equating supply and demand (i.e., finding the price where Qs = Qd).

1.0 + 0.001Q = 4.00 – 0.005Q  =>

0.006Q = 3.00  =>

Q = 500

From the demand curve, if Q = 500, P = 4.00 – 0.005(500) = 1.5

Checking with the supply curve, P = 1.00 + 0.001(500) = 1.5 = P
Californians would spend 500(1.5) on gasoline => TE = 750
b. The refinery fires will educe the supply of gasoline.  In particular, the quantity supplied will be reduced by 40%.  To find the new equilibrium price and quantity, we first have to find the new supply curve.  In this case, the relationship between the new and old supply curve is derived through the quantities, rather than prices as with taxes and subsidies.  In particular, the new supply is 40% less than the old supply (i.e., Q’ = Q – 0.4Q = 0.6Q  => Q = 1.67Q’).  Thus, the new supply curve is given by P = 1.00 + 0.001(1.67Q’) = 1.00 + 0.00167Q’.  Equating the new supply and demand:

1.00 + 0.00167Q = 4.00 – 0.005Q =>

0.00667Q = 3.00  =>

Q = 450

From the demand curve, if Q = 450, P = 4.00 – 0.005(450) = 1.75

Checking with the supply curve, P = 1.00 + 0.00167(450) = 1.75 = P
Californians would spend 500(1.5) on gasoline => TE = 787.5
c. You can use either the arc or the point elasticity formulas to calculate elasticity in this question.  The arc elasticity formula calculates the elasticity of demand over the range between the points P = 1.5;Q = 500 and P = 1.75, Q = 450 as follows:
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The point elasticity formula can calculate the elasticity of demand at any point on the demand curve, including either the end points of the region or the mid-point.  Elasticity of demand at the mid-point should equal the value of the arc elasticity of demand calculated over the range in question.  The point elasticity can be calculated as follows:
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In either calculation, elasticity of demand is less than one, so demand is inelastic.  When demand is inelastic, the percentage change in quantity is less than the percentage change in price.  As the supply of gasoline falls, due to a supply disruption or any other cause, price increases and quantity demanded decreases.  If demand is inelastic, the percentage increase in price is bigger than the percentage decrease in quantity; total gasoline expenditure increases.  In this case, for every 1% increase in price, quantity demanded would fall by an average of 0.684% over this range of the demand curve (or by .600% and .778% at the two end points of the range).

d. If demand and supply become more elastic, the curves will become flatter.  Consumers will find ways to reduce their gas consumption as prices increase (e.g., carpooling, busses, more fuel-efficient cars, etc.).  As a result, the quantity demanded will decrease more dramatically as price increases.  Thus, prices will not rise as far when the supply is reduced (e.g., after a refinery fire).  Similarly, if the supply curve becomes flatter, the quantity supplied will increase more dramatically as price increases.  Thus, the remaining suppliers will increase their quantity supplied more dramatically if supply is reduced due to a refinery fire or some other cause. Both of these developments would lessen the effect of he supply disruption on the price of gasoline.

However, you might not observe these impacts over the next several months.  As the summer season approaches, the demand for gasoline typically increases (i.e., the demand curve shifts to the left as due to summer tourist travel).  If demand increases (i.e., the curve shifts right), this will increase market price and at least partially offset the impacts of increasing elasticity of demand and supply.  Any other violation of the ceteris paribus effect would further affect equilibrium price and quantity, offsetting or reinforcing the impacts of increasing supply and demand elasticity.  The ceteris paribus conditions are constantly changing, which will confuse the apparent response to the initial supply disruption and to secondary responses over time.

3.
a.
This is a constrained optimization question.  With a Cobb-Douglas production function, and with both exponents equal to ½, the ratio of resource use is the inverse of the input price ratios.  Thus, we would always use personnel and weapons in the ratio of  P = 64W (i.e., we would use 64 times as many personnel as weapons, or 64 people per weapon).  We can plug this relationship directly into the budget constraint (51,200 = 1024W + 64P) and solve for P and W.  Alternatively, we can solve the optimization by Legrange.  In this case, we are given a value of the budget (resource use relationship) and asked to find the maximum output (defense) we can produce given this budget.  Thus, defense production is the objective (unknown value) and defense expenditure (budget) is the constraint (known value).  This indicates how we should set up the Legrangian equation.  In particular:
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The Average cost of a unit of defense is $51,200/200 = $256.  If defense exhibits constant returns to scale, as it would with this production function, the average cost of defense would remain the same as the level of defense increases.  In particular, doubling all inputs exactly doubles output with constant returns to scale.  If all inputs double, total cost will also double.  If costs and output both double, average total cost will remain unchanged.

b. This is also a constrained optimization question.  Again, we know the value of the resource use relationship (budget or GDP) and we are asked to find the maximum utility we can produce.  Thus, utility (production) is the objective (unknown) and consumption expenditures (budget) are the constraint (known value).  Because the exponents are not both equal to ½, we can not use the short cut indicated above.  We can either use Legrange as outlined above, or we can plug into the 
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 relationship.  I will use the later approach here.
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 EMBED Equation.2  [image: image7.wmf]

 EMBED Equation.3  [image: image8.wmf]Þ
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D = 256, C = (256*256) = 65,536, U = 4*2561/465,5363/4 = 4*4*4096 = 65,536 = U


The resulting percent of GDP spent on defense is 25% = PDD/GDP.

c. This is still a constrained optimization problem, where the domestic country wants to maximize utility subject to its income (GDP) constraint.  As in part b, the utility function is the objective and GPD is the constraint.  However, in this case the domestic country receives D = 64 from its ally.  Thus, its total defense is DD + 64. To maximize utility subject to the budet constraint, the domestic country should continue to consume defense and consumption goods in the same overall ratio (C = 256D).  If the country receives 64 units of DA from its ally, and it continued to produce DD=256 and C = 65,536 as in part b, it would have a total of 320 units of defense, compared to 65,536 units on  non-defense goods.  This would represent too many defense goods relative to consumption goods.  Thus, the domestic country should reduce its domestic production of defense and increase it non-defense production.  In terms of 
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, an increase in defense goods, from the ally, would reduce the MB of the last defense unit.  At this point, defense would not be as good a buy as non-defense consumption goods.  Thus, the domestic country would shift its resources out of defense goods and into non-defense goods.  As this shift proceeds, the MB of defense increases (as the quantity of defense decreases) and the MB of consumption goods decreases (as consumption goods increase).  This shift will continue until the marginal benefits per dollar are the same for the last dollar spent on both goods (i.e., the ratios of MB to MC are equal, or C=256D as found in part b).  As a net result, the domestic country will produce less D and more C, but it will have more total D to consume.  Utility will increase and defense expenditure as a percent of GDP will decrease.  The decrease in defense expenditures as a percent of GDP represents the domestic countries’ benefit from joining the alliance, not the alliance burden.  The Legrange is as follows:
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4.
a.
This is a two part optimization:  you need to find the combination of warplanes, missiles, ground troops, etc. that minimize the cost of producing any given level of military force, and you have to choose the military force level that appropriately balances the costs and benefits of military force with the costs and benefits of other uses for federal funds (e.g., Social Security, Medicare, education, air traffic safety, income tax reduction, etc.).  Both of these equations can be expressed as optimization problems.  For the force structure question, if your objective is to minimize the cost of obtaining a particular level of defense, you want to find the combination of assets that equalizes the MB per dollar for the last dollar spent across assets.  This involves the familiar ratio of MB to MC relationship:
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The MB of a military asset is the change in force level as we use one more unit of the asset, holding the quantities of the other assets constant (i.e., 
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).  After a point, we would expect each asset to exhibit diminishing marginal productivity.  In other words, as we continue to use more of one asset, holding the others constant, we will receive smaller and smaller increases in military force for each unit increase in the individual asset.  This indicates that the contributions from individual assets diminish as we add increasing amounts of that asset, ceteris paribus.  As a result, it is increasingly expensive to increase force levels if the levels of one or more assets are held constant.



For the force level decision, we need to decide how much of the federal budget to devote to military force (i.e., what is the optimal level for F).  The previous answer indicated the cheapest way to acquire a particular level of F; it did not indicate the optimal level of F.  For the optimal level of F, we can consider the total federal budget as unconstrained or constrained.  If unconstrained (i.e., the government budget will expand as required to fund any approved federal activities), the force level should expand as long as MB > MC.  MB in this case is the benefit received from a stronger military force (higher probability of victory, more decisive victory, etc.).  MC is the opportunity cost of increasing defense expenditures (i.e., value of best alternative use for the funds; this could involve either other federal projects or civilian sector uses).  If the federal budget is constrained and the government must decide how to allocate the predetermined budget across alternative federal activities (e.g., military force (F), Social Security (S) or Health (H)), then the government faces the familiar constrained optimization problem.  The government wants to allocate funds to equate the ratios of the MBs to MCs across alternative uses.
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Finally, this discussion presumes that the government wants to minimize the cost of achieving their strategic objectives.  If the government has other objectives (e.g., minimize casualties) the government may use a mix of resources that does not satisfy these conditions.  In this case, the cost of the military action may far exceed the minimum potential cost as implied by the above conditions.

b. If the NATO and the U.S. have decided to complete the Kosovo operation without using ground forces, the cost of this operation may significantly exceed the minimum potential cost.  As a subset of inputs increases, marginal productivity for these inputs will continue to decrease.  Military assets may not equalize the ratios of MBs to MCs if the military is precluded from employing one or more assets.  It will become increasingly expensive to increase military force levels.  This constraint was not present in the Iraqi confrontation.  As discussed in part a, the Kosovo operation may seem inefficient from a cost minimization viewpoint, but it may be rational if decision-makers have alternative objectives (e.g., minimizing friendly casualties).  It is inappropriate to draw conclusions from this experience about the cost or resources required to complete other military actions, including a major theater war.  If the military uses a more efficient force mix, the cost to conduct a major theater war may be proportionately cheaper than indicated by the Kosovo experience.  The objectives cannot be separated from the means to achieve those objectives.



The primary cost of the Kosovo operation is the opportunity cost.  To the military, there is an opportunity of deploying assets to Kosovo, including deferred operations and maintenance costs, wear and tear on capital and personnel, etc.  All of these costs may not be covered by the special appropriation (I am not sure what cost components are covered).  In addition, there is an opportunity cost to other government agencies and general taxpayers.  Using the surplus to finance the Kosovo operation precludes the ability to use those funds for other purposes.  For example, the surplus could be used to support Social Security, Medicare or other government programs.  This would provide additional benefits and possibly reduce future tax rates.  Alternatively, the surplus could be used to finance reductions in income taxes.  The value of the best alternative use for these surplus funds represents the opportunity cost of using these funds for the Kosovo operation.
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