Chapter 8:  Marginal This and Average That

Since you’ve got Midterms for Accounting, D&D, and Modeling coming up you probably haven’t spent a whole lot of time preparing for the Economics that isn’t on the quiz.  That’s all right.  Chapter will be here when you for you anytime.   

The Background:

The bulk of the material to this point has focused on the revenue and marketing side of the business.  How do we maximize profit through an understanding of the relationship between price and quantity demanded, and what is their effect on revenue and consequently profit?. Up to this point, costs have been depicted by a Total Cost (TC) function or constant Marginal Costs (MC).  But that will change.

The production side of the business requires a lot more management attention than you might think.  Managing plant, equipment, vendor relationships, and employees to transform raw materials (inputs) into consumable goods is a lot more complicated than a simple, straight-line Total Cost function indicates.  

Chapter 8 is a introduction to the production side of the business.  We will examine this more closely in Chapters 9 and 10. 

The Main Points
· Average Cost for a single product firm is AC(x) = TC(x) / x

· Average cost is driven by its position relative to marginal cost

· AC rises wherever MC is greater than AC

· AC falls wherever MC is less than AC

· If AC is bowl shaped, AC reaches its minimum where AC = MC.  The point of minimum AC is called efficient scale.  It can be found by setting MC = AC (or dAC(x) / dx = 0 )

· Profits are rising where MR exceeds MC; positive profits are where AR = inverse demand exceeds AC

· Multi-product firms present problems with the notion of average cost, but MC = MR is still the king

8.1 Average cost for a single-product firm

For one product firms, average cost per unit is pretty damn simple.  Take total cost and divide by the quantity:
     AC(x) = TC(x) / x

It is worth noting that around zero some weird things happen to the average cost function, but this isn’t something that is essential to understand.  Simply, as x approaches zero, if there are some fixed costs in the equation then the average cost will approach infinity.  See, I told you it was some weird stuff  (Check the p.220 if you want to further your understanding)

Profit Margin:  The profit margin is just the price obtained for the product less its average cost.  By now you are well familiarized with the formala for profit.  The final term establishes that profit is the product of quantity and profit margin per unit

Profit(x) = TR(x) – TC(x) = xP(x) – xAC(x) = x [ P(x) – AC(x) ]

Marginal vs. Average

Imagine you’ve interviewed 10 people, querying them for their height.  Say the average for the ten is 60 inches.  Now you ask an eleventh individual, and find that their height is 50 inches.  The average for the eleven will be less than for the 10.  Pretty straightforward, right?  So let’s relate it to costs:

Key insight:

· Marginal cost is less than average cost whenever average cost is falling 

· Marginal cost exceeds average cost whenever average cost is rising

· Marginal cost equals average cost wherever average cost is flat

On p. 218 there are proofs, one for discrete margins, the second using calculus and continuous margins to prove these things to you.  Enjoy them at your leisure (I will not reproduce them here)

Looking at the two graphs below, one can start to get an understanding of what is happening with Marginal Cost and Average Costs.  Early on, AC is greater than MC.  At a certain point, marginal cost starts to increase (the point of changed concavity in the graph on the left).  Further on, at the quantity indicated by the dotted line, MC = AC, is where AC is minimized.  This is key


Note:  P.219 goes into more depth about how to determine the shape of MC and AC using tangents to the TC line and slopes of line segments from the origin.  This could be worth exploring.  The most interesting point relating to this is where the dotted line is on the graph on the left.  Here the line segment from the origin is also tangent to the curve, i.e, it is where MC = AC.

There are six traditional cases of total, marginal and average cost that are worth examining.  Three are depicted below:

Graph 1


This is the simplest possible total cost curve, with no fixed costs.  It is a linear function, and TC(x) = kx for some constant k.  AC = MC in this scenario

Graph 2


Here the total cost is convex, which indicates that marginal cost is rising.  Average cost is increasing, but remains below marginal cost

Graph 3


In graph 3, the concave TC curve indicates that MC is decreasing.  AC decreases, but not so much as to catch up with MC

Graph 4

In graph 4, there is a fixed cost component.  Here the AC cost comes down over time, but never reaches MC, which is constant per unit x.

Graph 5


In Graph 5, there is a fixed cost plus rising marginal cost.  Note that AC bottoms out (is minimized) when MC = AC


Graph 6



In Graph 6, there are fixed costs and falling marginal costs.  Average costs fall steadily, but are always above marginal cost.
8.2 Adding Average Revenue (Inverse Demand) and Marginal Revenue to the Picture

· Marginal revenue and average revenue have been added to the graphs of MC and AC curves.   It may be worth looking at the figures (p.227) in the chapter because this reproduction may not due it justice.  Essentially, though, the graphs assist in understanding the relationship between average and marginal costs and revenues.  That is, where do those formulas come from?  

.  The key insights from this graph are as follows:

· Profit is positive wherever average revenue (inverse demand) exceeds average cost

· Profit is increasing wherever marginal revenue exceeds marginal cost

· Total profit goes negative where AC rises above AR

· Total profit maximizes at MC = MR

8.3 From Average Cost to Marginal Cost

The main point from this section is to establish that “one cannot simply plop down on a piece of paper four curves and call them marginal and average cost and marginal and average revenue”, even if they seem to be falling when they should and rising when they should.  The marginal rates and averages rates have a very specific, defined relationship.

The most important thing to note is that if an average cost curve is given, then a marginal cost curve is completely determined.  However, this is not true the other way around.  

8.4 Efficient Scale

The scale of production x where average cost is lowest (if it exists) is called the efficient scale of production.  The easiest way to compute efficient scale (the minimum of AC) is to set AC=MC.  Otherwise, set the derivative of AC to zero.  Note that efficient scale is not necessarily the point at which profit is maximized.  

8.5 Multi-product Firms and Cost Functions

To this point the chapter focuses on firms producing a single product.  However, most firms will have multiple products and divisions.  In some instances, the costs of producing the outputs (x1, x2 …) can be broken into individual components.  In most cases, costs can’t be broken out into independent pieces.  This causes problems in terms of valuing the “average cost” for a unit.  

The result of this issue is that shared costs and shared overheads make the notion of average cost for a product difficult and potentially nonsensical to consider.  The point of the chapter, and this examination, then, is to examine one-product firms and to understand the importance of marginal thinking when considering average costs and revenues.
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