Study Guide for Bernheim and Whinston


CHAPTER 8

COST

CHAPTER DISCUSSION

In this chapter, we take a close look at production costs. Total cost is the expenditure (in the true economic sense) required to produce any given level of output. If some of those costs vary as output changes, we call them variable costs and if some of those expenditures remain the same no matter how much output we produce, we call them fixed costs. 

When we look more closely at fixed costs, we must ask: Are they really fixed? The fire insurance on the library is fixed whether or not you or anybody else is taking advantage of the library to study. That is unavoidable fixed cost, also known as sunk cost. But another fixed cost is the electricity bill to light the reading room. It doesn’t matter whether you are the only reader or there are dozens in the room, the light bill is fixed. But, as they say, “When the last person leaves, hit the light switch.” That part of fixed cost is avoidable.
The cost function is the relationship between the flow of output and the total cost of producing that flow. It takes the form Total Cost = C (Output). Variable cost changes as output changes, so that functional relationship is the variable cost function, Variable Cost = VC(Output).
There is a one-to-one relationship between the amount of labor and the flow of output, so we can “flip,” or invert, that relationship to yield L = F-1(Q), using standard notation for an inverse function. 
In the case of two-variable inputs, we must consider isocost lines.  An isocost line is all the combinations of two inputs that, together, cost the same amount.  To find the least-cost combination of inputs, we can make use of the following expression: 
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This expression is especially useful where MRTSLK always decreases as we use more labor and less capital. 
When there are two variable inputs, we find the firm’s cost function much as we do in the case of one variable input. We ask, what is the least-cost combination of inputs necessary to produce each output? Then we price that combination of inputs.

The least-cost combination of inputs must satisfy the no-overlap condition, or in the case of interior solutions, the tangency condition. If we trace out all the tangencies between isocost lines and isoquants, we have what’s called the output expansion path. 

From the firm’s total cost function, we can derive two important per-unit costs, the average cost and the marginal cost. The average cost is defined as the total cost divided by total output:
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The marginal cost of output is the change in total cost associated with increasing the rate of output production by one small unit:
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These two expressions hold whether output is measured in lumpy increments or in finely divisible quantities.

A typical total cost curve might look like the one in Figure 8.2 (a), which first rises at a decreasing rate then at an increasing rate.
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Because average cost is defined as TC/Q, its value will be the slope of a ray through the origin and passing through respective points on the TC curve, as shown in Figure 8.2 (a).  As shown in part (b), AC falls, reaches a minimum and then rises.  

The returns to scale we studied in Chapter 7 relate to long-run costs in the following ways: Increasing returns to scale means we don’t have to double inputs in order to double output, so as we increase output, long-run cost rises at a decreasing rate. The result is a fall in long-run average cost. Accordingly, decreasing returns to scale means we must more than double inputs in order to double output, so long-run average cost rises with output. Constant returns to scale implies that long-run average cost neither rises nor falls with output. A falling long-run average cost curve is referred to as economies of scale, and a rising long-run average cost curve is called diseconomies of scale. 
In discussing the multi-product firm and economies of scope, we learn that most firms we observe produce more than one product, sometimes many more. The more of one product they produce, the lower are the costs of another product. This notion is captured in the expression that relates the separate cost of producing two products in two different firms with the combined cost of producing the two products in a single firm: C(Q1,Q2)<C(Q1,0) + C(0,Q2) implies economies of scope, while diseconomies are implied by C(Q1,Q2)>C(Q1,0) + C(0,Q2). 
Diseconomies of scope would occur if a firm tried to produce drum lessons at the same time as it ran a sleep-therapy laboratory. The spillover effects would not be conducive to efficient production of sleep therapy.
OUTLINE

Cost

· Types of cost

· Total cost is expenditure on all inputs

· Variable cost is the cost of inputs that vary with the firm’s output

· Fixed cost is the cost of inputs whose use does not vary as the firm’s output changes

· Fixed costs can be sunk or avoidable

· Sunk costs are costs that cannot be avoided, even if zero output is produced

· Avoidable fixed costs are constant for positive levels of output, but go away if the firm stops producing

· What are economic costs?

· Out-of-pocket costs like wages paid to labor

· Opportunity costs are not explicit out-of-pocket costs but are costs nonetheless

· They are the foregone benefit of not doing the next best alternative

· The user cost of (owned) capital is the foregone rental rate on the capital if it could be rented out at market rents

· Cost with one variable input and one output

· The definition of total cost is expenditure on all inputs, but that is not a cost function

· Cost function relates cost to output: C=C(output)

· If there is only one input, the production function tells us how much can be produced by that input.

· Alternatively, it can answer the question, how many units of the input are needed to produce a given level of output?  L=F-1(Q)

· By multiplying the necessary level of the input by its price, we arrive at a cost function in the case of one input.

· Cost with two variable inputs and one output

· Isocost lines show all combinations of two inputs that, together, account for the same total expenditure C = RK + WL.

· Hold C constant and rearrange to arrive at

· 
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· Holding C constant, we can find out how much K can be purchased for any given amount of L used

· Slope of isocost line is negative W/R, the opportunity cost of using one more unit of L, in terms of the reduction in K

· An increase in the relative price of L causes isocost to become steeper

· By letting C take on various values, a family of isocost lines is generated
· Least-cost combination of inputs is where a given isoquant touches the lowest possible isocost line

· No-overlap condition implies the set of points below the isocost line that runs through the least-cost input combination does not overlap with the set of points on or above the isoquant

· In a tangency interior solution, the slope of the isocost line equals the slope of the isoquant

· MRTSLK = W/R

· MRTSLK is the marginal benefit of one more unit of labor in terms of less capital that must be used 

· W/R is the marginal cost of one more unit of labor in terms of how much less capital can be bought

· Tangency solution implies marginal benefit = marginal cost

· In least-cost tangency solution, 
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· Marginal product per dollar spent on each input used must be equal

· Corner solutions occur when either

· MRTSLK everywhere greater than W/R or

· MRTSLK everywhere less than W/R

· Only one input will be used in production

· Finding least-cost input combination 

· If MRTSLK always falls as more labor and less capital is used, set MRTSLK equal to W/R, then plug result into production function for that level of output to find L and K.

· Firm’s cost function with two variable inputs and one output

· Production Expansion Path is locus of least-cost input combinations

· For interior tangency solutions, this is the locus of tangencies

· For corner solutions, expansion path will coincide with one of the axes

· Each point on the expansion path corresponds to a level of output and its least cost expenditure, so these points can be mapped into the firm’s cost function C = C(Q).

· Average cost = C/Q

· Slope of a ray through the origin and touching respective points on the cost curve

· Efficient scale of production occurs at minimum AC point

· Marginal cost : 
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· Slope of tangent to the cost function at respective points

· The increase in cost associated with an increase in the flow of output by a small increment

· Relationship between marginal cost and average cost

· If average is falling, marginal is below average

· If average is rising, marginal is above average

· If average is neither rising nor falling, average = marginal

· Marginal cost curve must pass through minimum average cost point

· Marginal cost, marginal products, and input prices

· 
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· More on average costs and marginal costs

· Area under marginal cost curve = total variable cost 

· AVC = VC/Q

· AFC = FC/Q

· AC = AFC + AVC = FC/Q + VC/Q

· Constellation of firm’s cost curves:


· MC passes through minimum of AC and AVC

· AFC always falls with output

· Distance between AC and AVC = height of AFC

· Effects of input price changes

· When an input’s price falls, firm will not use less of it, and usually employs more

· When an input’s price rises firm will not use more of it, and usually employs less

· Short-run versus long-run costs

· Short run means one input, say, capital is fixed and cannot be altered

· Long run means all inputs are variable

· Short run represents an added constraint on the firm’s options, so it will not decrease cost, relative to long run, and will probably increase it

· Where the production expansion path crosses the fixed input constraint, the lowest possible isocost is just touching the isoquant.

· At other levels of output, the least-cost combination of inputs is unavailable owing to the binding fixed input constraint, so short-run cost exceeds long-run cost

· Long-run cost curve is an envelope curve of all possible short-run cost curves

· Long-run average cost curve is an envelope curve of all possible short-run average cost curves

· Configuration of short- and long-run average and marginal cost curves
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· Economies and diseconomies of scale

· Increasing returns to scale means that doubling output requires less than double the inputs, so long-run average cost falls with output

· Decreasing returns to scale means that doubling output requires more than double the inputs, so long-run average cost rises with output

· Constant returns to scale means proportionate increases in all inputs and outputs, so long-run average cost is constant

· Multi-product firms and economies of scope

· If it costs less for one firm to produce two products than it does for two firms, each producing one of the products, there are economies of scope

· If it costs more for one firm to produce two products than it does for two firms, each producing one of the products, there are diseconomies of scope

·  C(Q1,Q2)<C(Q1,0) + C(0,Q2)  implies economies of scope

· C(Q1,Q2)>C(Q1,0) + C(0,Q2)  implies diseconomies of scope

· Economies of scope can result from positive spillover effects between products, “synergies” in production, common use of “lumpy” fixed input

· Diseconomies of scope can result from negative spillover effects, and should lead to spin-offs or break ups

PRACTICE MULTIPLE CHOICE 
1. A pyrotechnic firm’s contract with its labor union requires it to have a safety officer on duty any time any of its workers are in the factory producing sparklers. The safety officer’s wages would be considered ____________

a. variable cost.

b. avoidable cost.

c. sunk cost.

d. marginal fixed cost.

e. None of the above.

2. A mining company is required to fill in its open pit and landscape it in twenty years when the ore it’s currently mining becomes exhausted.  The cost will be twenty million dollars.  This cost should _______

a. be considered as a variable cost.

b. not be considered to be a sunk cost until it actually has to be paid.

c. be considered as an avoidable cost.

d. be considered to be a sunk cost now.

e. be considered as an avoidable variable cost.

3. Sally uses one input, L, to produce a product in finely divisible quantities according to the following production function: Q = F(L) = 2 L2.  She pays $15 per unit of labor.  What is the cost of production at the level of 100 units of output?

a. $15

b. $25

c. $106

d. $150

e. There is not enough information to answer this question.

4. Rhonda recently quit her job as a tax preparer, where she earned $4,000 per month, to open her own flower shop.  She already owned a garage that she rented out for $1,500 per month before she decided to use it for her shop.  Her utilities total $200 per month, and her flowers and supplies total $2,000 per month.  Rhonda’s total economic costs per month are _______

a. $1,500

b. $2,000

c. $3,700

d. $4,000

e. $7,700

5. Two inputs, L and K have prices per unit, respectively, of $20 and $30.  Plotted with K on the vertical axis and L on the horizontal axis, which expression describes the isocost line for a total expenditure of $6000?

a. K = 200 – 0.67 L

b. K = 300 – 1.5 L

c. K = 300 – 0.67 L

d. K = 200 – 1.5 L

e. K = 6000 +0.67 L

6. A manager has decided to allocate an operating budget between L and K in such a way that the MPL =10 units of finely divisible output and the MPK = 12 units.  If the wage rate is $16, and the rental rate on capital is $18, which of the following statements is most generally correct?

a. The manager should allocate the entire budget to K because it has highest productivity.

b. The manager should allocate the entire budget to L because it is the least-cost input.

c. The manager should reallocate at least a small amount of the budget toward K and away from L.

d. The manager should reallocate at least a small amount of the budget toward L and away from K.

e. The manager should reallocate the budget until MPL + MPK.

7. A production function, Q= F(L,K) has the property that the MRTSLK is everywhere greater than W/R, the respective positive input prices.  Which statement is correct?

a. This must be a Cobb-Douglas production function.

b. The least-cost input combination will contain no K.

c. The least-cost input combination will contain no L

d. This will result in the least-cost input combination being a tangency solution.

e. There is no least-cost input combination in this case.

8. The production function is given by the expression Q = K1/2L1/2, the wage rate, W, equals $20, and the rental rate, R, equals $30. A manager has found the least-cost input combination for a given level of output.  Which statement is true regarding that combination?

a. K = 2/3 L

b. L = 3 K

c. L = 2/3 K

d. K = 1.5 L

e. K = L

9. Which statement is generally correct regarding the marginal rate of technical substitution for labor with capital?

a. MRTSLK is the marginal benefit of using one more small unit of capital.

b. MRTSLK must be greater than W/R if the firm is optimally choosing to use no L.

c. MRTSLK generally decreases as more capital is used in place of labor.

d. MRTSLK is the marginal benefit of using one more small unit of labor.

e. MRTSLK must fall if the rental rate, R, rises.

10. A firm’s cost function is given by the expression C(Q) = 100 + Q2.  Which statement is correct regarding this firm’s average cost?

a. AC is the slope of a ray through the origin and crossing C(Q) at each respective level of output.

b. AC first falls and then rises with increased output.

c. The average cost evaluated at an output of 10 equals $20.

d. This firm’s MC passes through the minimum of it AC curve.

e. All of the above statements are correct.

11. Which statement regarding short- and long-run cost is not correct?

a. The long-run average cost curve is the envelope of the short-run average cost curves.

b. The short-run cost is everywhere equal to or greater than the long-run cost.

c. The long-run marginal cost curve is the envelope of all short-run marginal cost curves.

d. A negatively-sloped long-run average cost curve implies economies of scale.

e. Average fixed cost always falls as output rises.

12. A firm is operating at the least-cost combination of inputs, L and K.  Its marginal cost equals $0.80 per unit, rental rate on capital, R, equals $8, and the MPL equals 5 units.  What is the wage rate, W? And what is the marginal product of capital, MPK?




W
MPK
a. $10
 8

b. $4
10

c. $5
4

d. $0.8
5

e. $8
10
13. At the current level of output of 100 units, the average variable cost is $15, the average cost is $20, and marginal cost is $18.  Which statement(s) is (are) correct, if any?

I. Average cost must be falling with increased output.

II. Fixed cost equals $500.

III. Average variable cost must be rising with increased output.

IV. These values are inconsistent with one another and could not all be correct.

a. I only is correct.

b. II only is correct.

c. I, II, and III only are correct.

d. I and III only are correct.

e. IV is correct.

14. The production function is given by the following expression: Q(L,K) = 10K.6L.5.  Which statement is correct?

a. This firm experiences diseconomies of scale.

b. This firm’s long-run average cost curve could be “U” shaped.

c. If both inputs are variable, the cost of producing 80 units will be greater than the cost of producing 81.

d. This firm experiences economies of scale.

e. It is clear that this firm is characterized by economies of scope.

15. Harry’s cost function for brooms is given by Cb(Qb) = Qb2, and Hermione’s cost function for wands is given by Cw(Qw) = 10Qw.  Last month, Harry produced 4 brooms, and Hermione produced 2 wands.  This month, they merged their companies and made the same quantities of brooms and wands as before for a total cost of $35.  Which statement is correct?

a. Both production functions must have had increasing returns to scale.

b. Both of their firms must have had diseconomies of scale.

c. Wands and Brooms exhibit economies of scope.

d. Wands and Brooms exhibit diseconomies of scope.

e. Wands and Brooms exhibit neither economies nor diseconomies of scope.

MULTIPLE CHOICE ANSWERS

1. b

2. d

3. c

4. e

5. a

6. c

7. b

8. a

9. d

10. e

11. c

12. b

13. c

14. d

15. c

WORD PROBLEMS

1. A firm has a Cobb-Douglas production function given by Q= A K1/2 L1/2 .  Its capital (K) is fixed in the short run at 144 units, and the productivity parameter A equals 1.  The rental rate per unit of capital is $10, and the wage rate per unit of labor is $12.  How much are this firm’s fixed costs per period?  How much labor does this firm need in order to produce 200 units of output, 400 units?  Write an expression that shows how much labor this firm needs to produce Q units of output (L=f(Q)) in the short run.  Write an expression for this firm’s variable cost function and its average variable cost.  Write an expression for this firm’s short-run total cost function, assuming its fixed costs are unavoidable.

2. Sam sells only mineral water from his artesian well.  The well is such that without any input, it delivers 20 gallons per hour, but with labor pumping, the output can increase according to the function Q = 2 L, where Q is gallons per hour, and L is units of labor input.  Draw Sam’s production function.  What happens to the average product of labor as output rises?  If labor costs Sam $10 per unit, write an expression for Sam’s total cost function.)  What happens to the average cost of water as output rises?  Draw the marginal cost function.

3. For a particular Cobb-Douglas production function, the MRTSLK = 4 K/L.  Labor’s wage rate, W, equals $14, and the rental rate (R ) for capital is $20.  To produce its output, this firm is optimally using 3000 units of labor. How much capital is it using?

4. Capital’s rental rate is a constant $20 per hour.  Labor’s wage rate is $10 for up to 40 hours per week and then overtime increases it to $15 per hour for any hours worked over 40 per week.  Carefully draw the $600 per week isocost line.  

5. Harry has two plants in which he produces brooms.  The marginal cost function for plant A is given by MCA=10 + QA, and the marginal cost for plant B is given by MCB=12+2QB.  For any given total number of brooms Harry produces, how many more should plant A produce than plant B?

CHALLENGE YOUR MIND

1. One way that accountants depreciate a piece of long-lived equipment is by dividing its original cost by the number of years of expected useful life, assuming there is no salvage value at the end.  Each year’s accounting depreciation is therefore C/n, where C is the original cost of the equipment, and n is the number of years of life.  Economists are concerned with opportunity costs.  Does accounting depreciation capture the opportunity cost of keeping a machine for, say, the third year?  How would an economist approach the economic depreciation for that third year?

2. “By simply replicating the optimally configured production facility, a firm should never have to incur higher per-unit costs as it increases its output in the long run.  Consequently, decreasing returns to scale cannot happen.”  Critique the previous statement.  Do you agree or disagree?  Why.

3. Review the concept of economies of scope.  Are you aware of any real-world examples of diseconomies of scope?  What are they?  Why do you think it is more difficult to come up with actual firms with diseconomies of scope than with examples of economies of scope?
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Figure 8.2: Total cost, marginal cost, and average cost
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