Topic VII: COSTS
March 9, 2006

Chapter 10 Summary
This chapter covers cost curves in both the short run and the long run. The chapter begins with the short run and the distinction between fixed and variable costs; next the discussion turns to average fixed cost, average variable cost, and average total cost. Using an example of a dry cleaning business, Kelly's Cleaners, the chapter demonstrates the relationship between a simple production function with labor as the sole variable input (the type developed at the beginning of Chapter 9) and the short-run cost curves. Finally, the marginal cost curve is introduced, and the relationship between marginal cost and ATC and AVC is discussed.
The second half of the chapter deals with costs in the long run. It begins with a discussion of isocost lines and develops the optimal output combination using isocost lines and isoquants. Next, the output expansion path is developed using isoquants and isocost lines. The output expansion path can be used to derive the long-run cost curves. The text illustrates the LTC, LMC and LAC curves for increasing, decreasing, and constant returns to scale; the relationship between the shape of the LAC curve and the structure of industry is briefly discussed. The appendix discusses the relationship between long-run and short-run cost curves and some mathematical applications of cost minimization. 

1. Introduction

In analyzing the efficiency implications of various market structures or polices, it is common to model the firm as choosing a level of output to maximize profits.

By deriving the firm’s cost functions, we can sidestep the firm’s input decisions and consider the firm’s choice of output directly.

This is because the tangency points between isoquants and isocost lines tell us the total cost of producing a given level of output in the least cost manner.

Thus, the firm’s cost functions subsume the input selection decision.

Can categorize costs in the following ways:

Total, Average, Marginal

Fixed vs. Variable

We will look at the various combinations and their relationships to one another in both the short run and the long run.

2. Costs in the Short Run

2.1 Total Costs
Recall that in our two input world, total cost (TC) is given by

TC = wL + rK

Since some inputs are fixed in the short run (e.g. K), there are two types of short-run costs.
(1) Fixed Costs, FC: Do not vary with output. These are the costs of the fixed inputs.

Example: FC = rK0 when capital is fixed at K0 in the short run.

(2) Variable costs, VC(Q) : Vary with output. These are the costs of the variable inputs.

Example: VC(Q) = wL
Note: VC(Q) is written as a function of Q since varying L will change Q.
Short-Run (Total) Cost Function – Defines the minimum cost of producing each level of output when variable inputs are used in the cost-minimizing way.
Note: We will study the optimal input choices later.
To begin, recall that:

Short Run TC = wL + rK0
Example 1: Suppose capital costs $1000 per unit and labor costs $400 per unit. Derive the costs associated with the production technology shown in the table below.
	Fixed Input(Capital)
	Variable Input(Labor)
	Output
	FC 
K0 * 1000
	VC(Q)
L * 400
	TC(Q)
FC + VC(Q)

	2
	0
	0
	$2000
	$0
	$2000

	2
	1
	76
	$2000
	$400
	$2400

	2
	2
	248
	$2000
	$800
	

	2
	3
	492
	
	$1200
	$3200

	2
	4
	748
	$2000
	
	$3600

	2
	5
	1100
	$2000
	$2000
	$4000

	2
	6
	1416
	$2000
	$2400
	

	2
	7
	1708
	
	$2800
	$4800

	2
	8
	1952
	$2000
	$3200
	$5200

	2
	9
	2124
	$2000
	
	$5600

	2
	10
	2200
	$2000
	$4000
	$6000

	2
	11
	2156
	$2000
	$4400
	$6400


Example 2:
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Increasing return to the variable input up to L=4, then diminishing returns thereafter.

[image: image2]
The TC curve is parallel to the VC curve and lies FC=30 units above it.

2.2 Average Costs
Average Fixed Costs, AFC – Fixed costs divided by the number of units of output.
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· AFC declines with output

· Captures the fact that as output increases, “overhead” expenses are spread over larger values of Q.
Average Variable Costs, AVC – Variable costs divided by the number of units of output.
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· Generally declines with output initially, then levels off, then rises since
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Average Total Costs, ATC – Total costs divided by the number of units of output.
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· Generally declines with output initially, then levels off, then rises (for same reason as AVC).

Example 3: Derive average costs for previous example.

	Output
	FC
K0 * 1000
	VC(Q)
L * 400
	AFC
	AVC

	0
	$2000
	$0
	-
	-

	76
	$2000
	$400
	$26.32
	$5.26

	248
	$2000
	$800
	$8.06
	$3.23

	492
	$2000
	$1200
	$4.07
	$2.44

	748
	$2000
	$1600
	$2.55
	$2.04

	1100
	$2000
	$2000
	$1.82
	$1.82

	1416
	$2000
	$2400
	$1.41
	$1.69

	1708
	$2000
	$2800
	$1.17
	$1.64

	1952
	$2000
	$3200
	$1.02
	$1.64

	2124
	$2000
	$3600
	$0.94
	$1.69

	2200
	$2000
	$4000
	$0.91
	$1.82


2.3 Marginal Costs
Marginal Cost, MC – The cost of producing an additional unit of output.
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· Generally declines with output initially, then levels off, then rises since
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Numerical Example 4: Derive marginal costs for previous example.
	Output
	(Q
	TC
	(TC
	MC =(TC/(Q

	0
	-
	$2000
	-
	-

	76
	76
	$2400
	400
	5.26

	248
	172
	$2800
	400
	2.33

	492
	244
	$3200
	400
	1.64

	748
	292
	$3600
	400
	1.37

	1100
	316
	$4000
	400
	1.27

	1416
	316
	$4400
	400
	1.27

	1708
	292
	$4800
	400
	1.37

	1952
	244
	$5200
	400
	1.64

	2124
	172
	$5600
	400
	2.33

	2200
	76
	$6000
	400
	5.26


2.4 Relationships Among Short-Run Cost Curves
Mathematical Example
Consider the cubic cost function:
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Problem: Calculate TFC, TVC(Q), AFC, and AVC(Q). Note: Calculation of MC(Q) requires the use of calculus.
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Note: For those of you know calculus, MC(Q) is simply the derivative of TC(Q).
Diagram Example
(i) The marginal cost curve intersects the ATC and AVC cost curves at their minimum points.

· For the same reason that MP intersects AP at it’s maximum.

· GPA example.
(ii) The spread between ATC and AVC decreases as output increases.

· This is due to the fact that AFC declines with output and ATC – AVC = AFC.


[image: image12]
2.5 Diminishing Returns and Costs

[image: image13.png]Diminishing Returns and Costs

nputof | o [Total Variable | ~ Average | Marginal Cost | Marsinal Product

Labor Cost | Variable Cost ofLabor
0 0 0 — — —
1 50 | 25,000 | 500.0 500.0 50
2 120 | 50,000 | 416.7 357.1 70
e 180 | 75,000 | 416.7 416.7 60
4 | 230 | 100,000 | 434.8 500.0 50
5 | 270 | 125,000 | 462.9 625.0 40
6 | 300 | 150,000 | 500.0 833.3 30
7 | 320 | 175,000 | 546.9 1250.0 20
8 | 330 200,000 606.1 2500.0 10
9 | 332 225,00 | 677.7 | 12,500.0 2
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2.6 Optimal Combination of Inputs in the Short-Run (capital fixed)
With capital fixed, this reduces to asking how much labor should be hired?

First, let’s define the Value Marginal Product (VMP) – The value of the output produced by the last unit of an input.
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where P is the price the firm gets for it’s product.

Profit-Maximizing Input Usage Rule: When the cost of each additional unit of labor is w, continue to hire labor up until the point where
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(in the range of diminishing marginal product).
Where 
[image: image18.wmf]L

VMP

 is the marginal benefit of hiring an additional unit of labor and w is the marginal cost of hiring an additional unit of labor.

This is just a form of the marginal benefit = marginal cost rule.

Example 6: 

	Quantity Of Labor
	Price Of Output
	MPL
	VMPL
	Wage Rate(weekly)

	0
	$3
	-
	-
	-

	1
	3
	76
	$228
	$400

	2
	3
	172
	516
	400

	3
	3
	244
	732
	400

	4
	3
	292
	876
	400

	5
	3
	316
	948
	400

	6
	3
	316
	948
	400

	7
	3
	292
	876
	400

	8
	3
	244
	732
	400

	9
	3
	172
	516
	400

	10
	3
	76
	228
	400

	11
	3
	-44
	-132
	400


Initially, w > VMPL , but this is in the region where MPL is increasing

Then, VMPL > w up through the 9th worker hired.

Example 7:

Price of output = $10
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Q: If capital is fixed at 1 unit in the short run, how much labor should the firm hire if the wage rate is $2 and the marginal product of labor is as shown below?
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Rule is:
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in region where MPL is declining.

Notice that MPL is everywhere declining in L. 
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With K = 1, 
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Then
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3. Costs in the Long Run
Up until now we have been concerned with the behaviour of costs in the short-run when the law of diminishing returns must set in sooner or later. I now want to turn to the long-run.

In the long-run, we will not be constrained by the size of our shop, office, farm or manufacturing plant because we can move to a bigger one or a smaller one. We will not be constrained by the size of our workforce because we can change it. We will not be constrained in the kinds of machines and equipment we use because we can change them if we think it is sensible to do so. In the long-run everything is flexible and we may not have to worry so much about the law of diminishing returns.

The long-run is a period of time in which it is possible to change all the inputs in a productive process.

One possibility in the long-run is that we change the scale of our operations and expand. If we look around our business environment we can see plenty of examples of very large firms, IBM, Coca-Cola, British American Tobacco and so on. Maybe there is a reason why firms grow. Perhaps there are advantages in being a large business rather than a small one. I would like you to spend some time thinking about some of the benefits a firm may enjoy as it expands. 

The graphic approach to the optimal input choice of a competitive firm employs a similar approach to that used in determining the optimal output choice of a consumer.  In the case of the consumer choice, an indifference curve and a budget line were the two principles concepts used to graphically analyze the optimal output choice. For the firm, the analogous concepts will be an isoquant curve (a measure of the firm’s technical possibilities for factor substitutions) and an isocost line (the boundary specifying resource limitations) are thoroughly discussed below.
Long run total cost curve is derived from the isoquant / isocost diagram via the output expansion path.
3.1 Isocost Line (similar to the budget line)
Isocost Line –A line that represents the combinations of inputs (K,L) that cost the producer the same amount of money.
For given input prices, isocosts farther from the origin are associated with higher costs.

Equation similar to budget line:
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Slope of the isocost line is the ratio of the input prices.
To see this, rewrite equation as: 
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Changes in input prices rotate the isocost line.

[image: image29]
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3.2 Optimal Combination of Inputs in the Long Run
· To maximize profits, the firm must produce its output in the least cost manner. 

· Cost-minimization is more fundamental than profit-maximization; applies to behavior of nonprofit organizations as well.

· Goal of the manager is to find the cost-minimizing combination of inputs to produce a given level of output.

· Manager’s cost-minimization problem is analogous to the consumer’s utility maximization problem that we saw earlier.

Graphically, the cost-minimizing input combination occurs at a point of tangency between the isocost line and an isoquant.

For typically-shaped isoquants, marginal product per dollar spent should be equal for all inputs

For typically-shaped isoquants, marginal product per dollar spent should be equal for all inputs
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[image: image32.wmf]Expressed differently
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The Maximum Output for a Given Expenditure
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The Minimum Cost for a Given Level of Output
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3.3 Total Costs
Long run total cost curve is derived from the isoquant / isocost diagram via the output expansion path.
Output Expansion Path – The set of cost-minimizing input bundles at fixed input prices. 

[image: image36]
· Output Expansion Path is given by the locus of tangencies between isoquants and isocosts at different output levels.

· We can use the output expansion path to create a table relating output and total cost. This allows us to graph the long run total cost curve.

· Output expansion path provides the link between the cost curve, written as a function of output, and the firm’s cost-minimizing input choices.
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3.5 Average and Marginal Costs
· These are defined analogously to their short run counterparts, except that there are no fixed costs, so AVC = ATC
Specifically,
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3.6 Returns to Scale 

First note that if we double K and L, TC exactly doubles, since 

TC (2K, 2L) = r(2K) + w(2L)

=2 [rK + wL]

=2 TC (K, L)

Increasing Returns to Scale – Output more than doubles and total cost exactly doubles, so TC(Q) is a concave function

This implies that 
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is declining and that MC is below AC
Increasing Returns to Scale 

[image: image41]
Constant Returns to Scale – Output exactly doubles and total cost exactly doubles, so TC(Q) is a linear function.

This implies that 
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is constant and MC = AC.
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Decreasing Returns to Scale – Output less than doubles and total cost exactly doubles, so TC(Q) is a convex function.

This implies that 
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is increasing and that MC is above AC.
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Typical Case: Increasing returns at low levels of output, followed by constant returns, followed by decreasing returns.

( U-shaped average cost curve
Economists hypothesize that, in general, firms initially encounter increasing returns to scale as they attempt to expand their operation.  That is, until certain level of output is reached (qo in the Figure below), expansion is associated with increased productivity of resources or decreasing average cost.  This phenomenon in economics is called economics of scale; that is, there is a benefit to be gained by increasing plant size (scale) of operation.  The reason for this are several, and chief among them are: division of labor, capacity utilization of previously under used resources (space, machines, etc.), and better use of by-products (which reduces waste in resources).  

This process will not continue indefinitely.  When a firm reaches to a certain size (q* in the Figure below), economies of scale would seize to materialize.  This situation may be followed by a steady-state situation where unit cost remains constant for a certain range of output (q* to q** in the Figure below).  After a certain level of output (q** in the Figure below) is reached, the cost per unit of output starts to increase as the firm attempts to further expand.  This situation is called diseconomies of scale and it reflect to the loss of efficiency or productivity associated with getting big.  The primary sources for this perceived inefficiency are: bureaucratic mess – communication lines will be disrupted, and the problem with managing big organization.






Bases for Economies of Scale (Increasing Returns to Scale)
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4. Short-run and Long-run Cost Curves
4.1 The Link of Long-run to Short-run Cost Functions

Analyze this using the following graph:













What the above graph shows is that when capital is assumed to be fixed at certain level, K*, a firm can not any more be able to follow its expansion path as it attempts to expand output due to changes in demand for its product.  
For example, for output levels below q2, for any level of output it wishes to produce, the firm will be put in bind to use input combinations that under utilize labor and over utilize capital (that is, MPL/MPK > we/re).  
Similarly, for output level above q2, the firm will be forced to use input combinations that increasingly indicates over an over utilization of labor and under utilization of capital (that is, MPL/MPK < we/re. 
Given that the capital is fixed a level of K*, only at q2 level of output is the firm producing using input combination that is at its expansion path.  The implication of this is that, for any given size of capital that is held constant (plant size), there is a single point where the short-run and long-run costs of the firm are the same.  In any other situations, the production cost of the firm is higher in the short-run than in the long-run.  This conclusion should not be surprising given the apparent loss of flexibility in input usage in the short-run. 

4.2  The Relationship Between Long-Run and Short-Run Cost Curves
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1) The LAC curve is an “envelope” of all the short-run average 

2) To the left of the SAC-LAC tangency, the firm has “too much” capital, with the result that its fixed costs are higher than necessary;
3) To the right of the SAC-LAC tangency, the firm has “too little” capital so that diminishing returns to labor drive its costs up;

4) SMC(Q1)=LMC(Q1), SMC(Q2)=LMC(Q2), SMC(Q3)=LMC(Q3);
5) At the minimum point, SMC=LMC=LAC=SAC(ATC).
5. Summery of Short-run and Long-run Production and Cost

1) In the short run the firm can increase output only by increasing the variable factor, usually assumed to be labor; the amount of the fixed factor cannot be increased. In the long run the firm has grater flexibility and can vary output by changing both labor and capital.
2) Assuming constant input prices and the given technology, there will be a set of short-run total cost curves, one curve for each level of the fixed factor; however, there will be only one long-run total cost curve. The long run total cost is calculated from the cost minimization input combination for any output level.
3) Short-run total (and average) cost cannot be less than long-run total (and average) cost. At only one output level will the short and long-run total (and average) costs be equal. Short-run marginal cost, however, may be greater than, less than, or equal to long-run marginal cost.

4) When graphed together, each short-run total cost will be tangent at one output level to the long-run total cost. Each short-run average cost will also be tangent at the same output level to the long-run average cost.
5) A change in the price of an input will lead to a shift in both the long-run cost and short-run total cost curves. Either short-run variable (and marginal) or short-run fixed cost will shift, depending on whether the input whose price has changed is the variable or the fixed variable.
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