Topic VI: Production in the Short Run
March 2, 2006

Introduction:  A Schematic Comparison of the Neoclassical Approaches to the Studies Between the Theories of the Consumer and the Firm

A.  The Theory of Consumer Choice:
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B. The Theory of the Firm









Chapter 9 Summary

Starting with Chapter 9 the discussion shifts from a focus on the consumer to a focus on production and the firm. Chapter 9 is primarily concerned with the theory of production. The text begins with an example of a production worker, Woody Allen, to illustrate the point that production includes not only widgets and automobiles but any good or service that people desire.

The first section deals with production functions. After a discussion of fixed versus variable inputs, a production function with one variable input (labor) and one fixed input (capital) is considered. The concepts of total, marginal, and average product are developed and the text spends a great deal of time distinguishing between average and marginal products, including a carefully worked out example involving maximizing the amount of beef produced from 2000 steer who can graze on one of two pastures.

The next section covers production functions with two variables It begins with a discussion of isoquants. The topics of increasing, decreasing, and constant returns to scale conclude the chapter. The more technical mathematical elements of production theory are presented in an appendix.
Concepts Check List
A.
The Short Run: Fixed Plant

The short run is a time frame in which the quantities of some resources are fixed. In the short run, a firm can usually change the quantity of labor it uses but not its technology and the quantity of capital.

a.
The resources that cannot be changed are called fixed factors of production. Fixed factors of production are the firm’s technology, capital, and management and are called the firm’s plant.

b.
The factors that can be changed are called variable factors of production. Variable factors of production include labor.

c.
To change output in the short run, firms must change the quantity of variable factors it uses.

B.
The Long Run: Variable Plant

The long run is the time frame in which the quantities of all resources can be varied.

a.
A long-run decision is not easily reversed. The difference between the cost of a plant and its resale value is a sunk cost. A sunk costs is irrelevant to a firm’s decisions.

C.
Total Product 


Total product is the total quantity of a good produced in a given time period. The total product curve, graphed with the quantity of labor on the x-axis and total product on the y-axis, is upward sloping until it reaches its maximum, after which it becomes downward sloping.

D.
Marginal Product

Marginal product (MP) is the change in total product that results from a one-unit increase in the quantity of labor employed. The marginal product curve is upward sloping, reaches a maximum, and then declines.

Increasing Marginal Returns
Increasing marginal returns occur when the marginal product of an additional worker exceeds the marginal product of the previous worker. Most production processes experience increasing marginal returns initially.

Decreasing marginal returns occur when the marginal product of an additional worker is less than the marginal product of the previous worker..

a.
The law of decreasing returns states that as a firm uses more of a variable input, with a given quantity of fixed inputs, the marginal product of the variable input eventually decreases.

E.
Average Product

The average product (AP) is the total product divided by the quantity of an input. The average product of labor is total product divided by the quantity of labor employed. The average product curve is upward sloping, reaches a maximum, and then declines. The marginal product curve intersects the average product curve at the AP curve’s maximum point.

Marginal Grade and Grade Point Average

The relationship between the marginal grade and grade point average is the same a the relationship between marginal product and average product:

a.
When the marginal product is greater than the average product, the average product is increasing.

b.
When the marginal product is less than the average product, the average product is decreasing.

1. The Firm and its Objective:

What is a firm?  A functional definition of a firm is as follow.  A firm is an organizational entity engaged in production activities of goods and services for the sole purpose of attaining a stated economic objective.  Examples are Farmer XYZ, family doctor, AT&T, K-College, and so on.

One central issue in the above definition of a firm is production activity.  In broad terms production activity involves the creation of values and such activities encompass virtually all phases of economic activities except consumption.  At operational level, production activity entails a series of activities by which resource inputs (labor, capital, etc.) are transformed using a specified production technique over some period of time into goods and services. An ‘input’ is just another way of saying factor of production e.g. land, labour, capital and enterprise.

The above definition of the firm also conveys that firms’ operate with a clearly stated economic objective.  In this respect, the common approach taken is to assume that firms are primarily guided by profit motivation, hence, firms’ main objective is to maximize profit. 




Max.:  ( = TR – TC= PQ - TC
2. The Production Technology of the Firm

2.1 Introduction

The formal analysis of the physical relationship between a firm’s inputs of productive resources (L, K, etc.) and its output of goods and services is done using a concept known as production function.  It is defined as function that maps the maximum attainable output that can be produced from a given combination of inputs used for production holding technology constant. Consider a production process that employs two inputs, capital (K) and labor (L), to produce meals (Q). 




Q = F(K, L).
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The production function illustrates how many workers and machines it might take to produce, for example, one car, two cars, etc.  The table below contains a hypothetical firm’s total production data for cars during a certain period of time.

	# of Workers
	Production of Cars (TP)

	0
	0

	1
	3

	2
	7

	3
	15

	4
	19

	5
	22

	6
	23


As you can see, total production rises with additional workers.  The rise in production is not proportionate though.  The first few workers contribute more per worker than the last few.  The drop in additional production after a certain number of workers (in this example the third worker) is known as the Law of Diminishing Marginal Product.

2.2 Fixed and Variable Inputs

Typically the production analysis of a firm is done using two distinct time frameworks—the short-run and the long-run.  The short-run refers to a period of time so short that the firm can not readily vary some of its inputs.  That is, in the short-run some of the inputs of the firm are fixed.  On the other hand, long-run refers to a span of time long enough that the firm can readily vary all of its inputs (except technology). 

In economics, the short run is not a period of weeks or months but it is a period of time during which some of the inputs in a productive process cannot be changed. Just how long this is depends on the business we are looking at. For industries such as nuclear power it would take a very long time to change capacity but in retailing it may only take a few weeks to find new premises, refit them, hire staff and get the stock in. 

In the short-run, according to our definition, we are working with some kind of constraint. For example, it could be the size of our buildings, our workforce or our capital equipment that is constrained. If we want to increase our output sooner or later we will be struggling against one or more of those constraints.

Variable input is an input that can be varied in the short run. Fixed input is an input that cannot be varied in the short run. 
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3. Production in the Short Run

3.1 THE LAW OF DIMINISHING RETURNS: As a firm uses more of a variable input, with the quantity of fixed inputs constant, its marginal product eventually diminishes.
“Marginal product” is the extra output you would produce if you employed another unit of an input.
The marginal product of labor is :
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The law states that when a firm uses a variable input, such as labor, the productivity of workers who are hired at a later stage is less than the additional productivity of workers who were hired first.  In the table above the firm can hire form 0 to 6 workers.  The additional production of the second and third workers increases.  This occurs because two and three workers are in a position to specialize and work more efficiently.  The specialization opportunities diminish for workers 4, 5 and 6 though.

Because of the fixed inputs, there are not enough machines and offices to comfortably accommodate these employees.  Subsequently, these workers are not as productive as the third worker.  Additional output of the fourth worker is 4 products, the fifth brings in 3 and the sixth employee only contributes an extra one product.  Diminishing marginal product takes affect after the third worker.

Keep in mind that this law applies to production behavior of a firm in the short run, i.e. one or more factors of production are fixed (in most cases land or machinery are fixed inputs).  In the long run it is possible to add machines and increase the size of an office, etc., so the reasons for diminishing returns are non-existent.  It is possible, in the long run, that marginal production declines, but it is for different reasons.  In the next unit this concept, called diseconomies of scale, is explained.
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More Examples:

Example A: 

Let us make the variable inputs in the definition seed and fertiliser. The fixed factors could be one man and a plot of land measuring 10 metres by 10 metres.

It will be possible to grow some crops by getting our farm labourer to sow some of the seeds and to fertilise them with some of the fertiliser. We could produce more crops by getting our labourer to use even more seed and even more fertiliser. Now, I’m sure you see that this process must come to an end otherwise we could provide for the entire world’s food needs just by throwing enough seed and fertiliser at this plot of land.

What the law of diminishing returns is saying is that there is some optimal mix of resources in any productive process. We cannot expect in our example to increase output ad infinitum just by adding more and more seed and fertiliser. Growth in output will improve at first as we approach the optimal mix of resources but, the closer we get to that optimum, the slower total output will rise. If we go past the optimal mix of resources things will get worse rather than better.

In our example, we can improve output as we approach the optimal mix of land, labour seed and fertiliser but if we use too much seed and fertiliser we will actually see output from our plot fall. If we were stupid enough to keep on doing this we would kill the soil and produce nothing at all from our plot.
Example B: 

If you have a 50,000sq. ft. manufacturing plant producing ladies coats there will be an optimal combination of space, machines, raw materials and labour for that business. It could operate below this optimum and it could operate beyond that best-mix but there will be an optimum.

The same will be true for a store. There must be a combination of space, equipment, stock and staff that is the most efficient at any particular time.

Because this principle seems to apply everywhere, it qualifies to be called a ‘law’.

The existence and acknowledgement of this law is what lies behind the way economists view the behaviour of costs in the short-run and I will refer back to it during the rest of this unit.

3.2 Total, Marginal, and Average Products

[image: image6.wmf]L

TP

L

Q

AP

L

=

=

                                                    (2)


[image: image7]
· MP and AP curves intersect at the maximum value of the AP curve;
· When the MP curve lies above the AP curve, the AP curve must be rising;

· When the MP curve lies below the AP curve, the AP curve must be falling.

Practice 1: Consider a short-run production process for which APL=10=7, MPL=10=12. Will APL=10.1 be larger or smaller than APL=10 ? Why?
Practice 2:
	# of Workers
	Total Production
	Avg. Prod.
	Marg. Prod.

	0
	0
	-
	-

	1
	3
	3
	3

	2
	7
	3.5
	4

	3
	15
	
	

	4
	19
	4.75
	4

	5
	22
	
	3

	6
	23
	3.83
	


Suppose you are the boss. You have 4 workers already and are thinking about hiring more workers. The cost of a worker in terms of the product is 3.5. How many more workers should you hire?  
Topic VI (Continued): Production in the Long Run
March 7, 2006

1. Isoquants (similar to indifference curves)

“Iso” = “same”

“Isoquant” = “same quantity

Isoquants defines the quantities of inputs (K,L) that yield the same level of output (Q).

Isoquants farther from the origin are associated wit higher levels of output.

1.1 Linear Isoquants

Capital and Labor are perfect substitutes.

1.2 Leontieff Isoquants

Capital and labor are perfect complements, i.e. capital and labor are used in fixed proportions

1.3 Benchmark Case

· Inputs are not perfectly

substitutable


· Diminishing marginal rate 

of technical substitution (MRTS)
· Most production processes

have isoquants with this shape



2. Marginal Rate of Technical Substitution (MRTS) 
2.1 Definition: The rate at which a producer can substitute between two inputs and maintain the same level of output.

· Given by the slope of the isoquant.

· Equal to the ratio of the marginal products.
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2.2 Law of Diminishing Marginal Rate of Technical Substitution– As less of one input is used, increasing amounts of another input must be used to produce the same level of output. 

· The more of one input you use, the less productive it is relative to the other input.

· Yields typical “bowed-in” isoquants.

3. Returns to Scale

Q: In the long-run (when all inputs are variable), what happens to output when all inputs are increased by exactly the same proportion?

Increasing Returns to Scale – A proportional increase in all inputs yields a more than proportional increase in output (aka “Economies of Scale”).

Constant Returns to Scale – A proportional increase in all inputs yields an equal proportional increase in output.

Decreasing Returns to Scale – A proportional increase in all inputs yields a less than proportional increase in output (aka “Diseconomies of Scale”).

Note: A production function can exhibit different degree of returns to scale over different levels of output.
Common pattern: 

- Increasing returns to scale at low levels of output

- Constant returns to scale at medium levels of output

- Decreasing returns to scale at high levels of output 

Caveat: Decreasing returns to scale and the law of diminishing returns are completely unrelated!

· “Decreasing returns to scale” is a long-run concept based on simultaneously varying all inputs.

· “Diminishing returns” is short-run concept based on varying one input while all others are held fixed.
· 
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Production Technologies
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