
LECTURE 01: PRODUCTION ANALYSIS AND ESTIMATION
THE ORGANIZATION OF PRODUCTION
Production refers to the transformation of inputs or resources into outputs of goods and services. For example, IBM hires workers to use machinery, parts, and raw materials in factories to produce personal computers. The output of a firm can either be a final commodity (such as a personal computer) or an intermediate product, such as semiconductors (which are used in the production of computers and other goods). The output can also be a service rather than a good. Examples of services are education, medicine, banking, communication, transportation, and many others.

Inputs are the resources used in the production of goods and services. Inputs are classified into labour (including entrepreneurial talent), capital, and land or natural resources. Each of these broad categories, however, includes a great variety of the basic input. For example, labour includes workers, accountants, lawyers, doctors, scientists, and many others. Inputs are also classified as fixed or variable. 
Fixed inputs are those that cannot be readily changed during the time period under consideration. Examples of fixed inputs are the firm’s plant and specialized equipment (it takes several years for IBM to build a new factory to produce computer chips to go into its computers). 
On the other hand variable inputs are those that can be varied easily and on very short notice. Examples of variable inputs are most raw materials and unskilled labour.

The time period during which at least one input is fixed is called the short run, while the time period when all inputs are variable is called the long run. The length of the long run (i.e., the time period required for all inputs to be variable) depends on the industry.

THE PRODUCTION FUNCTION
Just as demand theory centers on the concept of the demand function, production theory revolves around the concept of the production function. A production function is an equation, table, or graph showing the maximum output of a commodity that a firm can produce per period of time with each set of inputs. Both inputs and outputs are measured in physical rather than in monetary units. Technology is assumed to remain constant during the period of the analysis.

	Q = f (L, K)
	(1)


Equation (1) reads: The quantity of output is a function of, or depends on, the quantity of labour and capital used in production. Output refers to the number of units of the commodity (say, automobiles) produced, labour refers to the number of workers employed, and capital refers to the amount of the equipment used in production. We assume that all units of Land K are homogeneous or identical.

A production function specifies the maximum output that can be produced for a given amount of input. Alternatively, a production function shows the minimum quantity of input necessary to produce a given level of output. Production functions are determined by the technology available for effectively using plant, equipment, labour, materials, and so on. Any improvement in technology, such as better equipment or a training program that enhances worker productivity, results in a new production function.
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Table (1) gives a hypothetical production function which shows the outputs (the Q's) that the firm can produce with various combinations of labour (L) and capital (K). The table shows that by using 1 unit of labour (1L) and 1 unit of capital (1K), the firm would produce 3 units of output (3Q). With 2L and K, output is 8Q; with 3L and 1K, output is 12Q and so on.

The production relationships given in Table (1) are shown graphically in Figure (1), which is three-dimensional. In Figure (1), the height of the bars refers to the maximum output that can be produced with each combination of labour and capital shown on the axes. Thus, the tops of all the bars form the production surface for the firm.
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There are two types of Production functions, one is discrete production function (shown in Table (1) and Figure (1)) and the other is a continuous production function. A continuous production function is one in which inputs can be varied in an unbroken fashion rather than incrementally.

TOTAL, AVERAGE, AND MARGINAL PRODUCT
Total product is the output from a production system. It is synonymous with Q in Equation (1). Total product is the overall output that results from employing a specific quantity of resources in a given production system. 
The total product concept is used to investigate the relation between output and variation in only one input in a production function. 

By holding the quantity of one input constant and changing the quantity used of the other input, we can derive the total product (TP) of the variable, input. For example, by holding capital constant at 1 unit (i.e., with K = 1) and increasing the units of labour used from zero to 6 units, we generate the total product of labour given by the last row in Table (1) which is reproduced in column 2 of Table (2). We can see that when no labour is used, total output or product is zero. With one unit of labour (1L), total product (TP) is 3. With 2L, TP = 8. With 3L, TP = 12, and so on.

	Q=f(L/ K = 1)
	(2)


From the total product schedule we can derive the marginal and average product schedules of the variable input. The marginal product (MP) of labour (MPL) is the change in total product, or extra output per unit change in labour used, while the average product (AP) of labour (APL) equals total product divided by the quantity of labour used. That is,
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Column 3 in Table (2) gives the marginal product of labour (MPL). Since labour increases by 1 unit at a time in column 1, the MPL in column 3 is obtained by subtracting successive quantities of TP in column 2. For example, TP increases from 0 to 3 units when the first unit of labour is used. Thus, MPL = 3. For an increase in labour 1 from 1L to 2L, TP rises from 3 to 8 units, so that MPL = 5, and so on. Column 4 of Table (2) gives the APL. This equals TP (column 2) divided by L (column 1). Thus, with 1 unit of labour (1L), APL = 3. With 2L, APL = 4, and so on.
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Column 5 in Table (2) gives the production or output elasticity of labour (EL). This measure the percentage change in output divided by the percentage change in the quantity of labour used. That is,
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By rewriting the above equation in a more explicit from and rearranging, we get
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That is, output elasticity of labour is equal to the ratio of MPL to the APL. In terms of calculus it can be expressed as: ∂Q / ∂L * L / Q
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In order to show graphically the relationship between the total product, marginal product and average product of labour, we assume that labour time is continuously divisible (i.e., it can be hired for any part of a day). Then the TP, MPL, and APL become smooth curves as indicated in Figure

(2). The MP L at a particular point on the TP curve is given by the slope of the TP curve at that point. From Figure (2), we see that the slope of the TP curve rises up to point G (the point of inflection on the TP curve), is zero at point J, and is negative thereafter. Thus, the MPL rises up to point G, is zero at point J, and is negative afterward.

The APL is given by the slope of a ray from the origin to the TP curve. From Figure (2), we see that the slope of the TP curve rises up to point H and falls thereafter but remains positive as long as TP is positive. Thus, the APL rises up to point H and falls afterward. Note that at point H the slope of a ray from the origin to the TP curve (or APL) is equal to the slope of the TP (or MPL) curve. So that MP L = APL at point H’. Note also that APL rises as long as MPL is above it and falls when MPL is below it.

MPL = APL when APL is maximum
MPL > APL when APL is rising
MPL < APL when APL is falling
Three points of interest, G, H, and J, can be identified on the total product curve in Figure (2). Each has a corresponding location on the average or marginal curves. Point G is the inflection point of the total product curve. The marginal product of L (the slope of the total product curve) increases until this point is reached, after which it begins to decrease. This can be seen in the bottom panel of Figure (2), where MPL reaches its highest level at G’.

The second point on the total product curve, H, indicates the output at which the average product and marginal product are equal. The slope of a line from the origin to any point on the total product curve measures the average product of L at that point, whereas the slope of the total product curve equals the marginal product.

The third point, J, indicates where the slope of the total product curve is zero and the curve is at a maximum. Beyond J the marginal product of L is negative, indicating that increased use of input L results in a reduction of total product. The corresponding point in the bottom panel of Figure (2) is J’, the point where the marginal product curve intersects the X-axis.

From Figure (2), we can also see that up to point G, the TP curve increases at an increasing rate so that the MPL rises. Labour is used so scarcely with the 1 unit of capital that the MPL rises as more labour is used. Past point G, however, the TP curve rises at a decreasing rate so that the MPL declines. The declining portion of the MPL curve is a reflection of the law of diminishing returns. This postulates that as we use more and more units of the variable input with a given amount of the fixed input, after a point, we get diminishing returns (marginal product) from the variable input. The law of diminishing returns states that the marginal product of a variable factor must eventually decline as more of the variable factor is combined with other fixed resources. The law of diminishing returns is sometimes called the law of diminishing marginal returns to emphasize the fact that it deals with the diminishing marginal product of a variable input factor. The law of diminishing returns cannot be derived deductively. It is a generalization of an empirical regularity associated with every known production system.

In Figure (2), the law of diminishing returns begins to operate after 1.5L is used (after point G’ in the bottom panel of Figure (2).

The relationship between the MPL and APL curves in the bottom panel of Figure (2) can be used to define three stages of production for labour (the variable input). The range from the origin to the point where the APL is maximum (point H’ at 2.5L) is stage I of production for labour. Stage II of production for labour extends from the point where the APL is maximum to the point where the MPL is zero (i.e., from point H’ at 2.5L to point J’ at 4.5L). The range over which the MP L is negative (i.e., past point J’ or with more than 4.5L) is stage III of production for labour. The rational producer would not operate in stage III of labour, even if labour time were free, because MPL is negative. In short:

THE THREE STAGES OF PRODUCTION IN THE SHORT RUN:
· Stage I: from zero units of the variable input to where APL is maximized (where MPL = APL) 

· Stage II: from the maximum APL curve to where MPL= 0 

· Stage III: from where MPL=0 and onwards 

In the short run, rational firms should be operating only in Stage II as in Stage III firm uses more variable inputs to produce less output; over- utilizing fixed input; MPL is negative. The question arises why not Stage I? Well the answer is it reflects underutilizing fixed capacity, so the firm can increase output per unit by increasing the amount of the variable input; in stage I MPK is negative.

OPTIMAL USE OF THE VARIABLE INPUT
How much labour (the variable input in our discussion) should the firm use in order to maximize profits? The answer is that the firm should employ an additional unit of labour as long as the extra revenue generated from the sale of the output produced exceeds the extra cost of hiring the unit of labour (i.e., until the extra revenue equals the extra cost).

The extra revenue generated by the use of an additional unit of labour is called the marginal revenue product of If labour (MRPL). This equals the marginal product of labour (MPL) times the marginal revenue (MR) from the sale of the extra output produced. That is,


MRPL = (MPL)(MR)
On the other hand, the extra cost of hiring an additional unit of labour or marginal resource cost of labour (MRCL) is equal to the increase in the total cost to the firm re-sulting from hiring the additional unit of labour. That is,

MRCL = ∆TC
   ∆L
The optimal use of labour requires that:

MRPL = MRCL
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Table (3) shows that the optimal use of labour is 3.5 units because only with 3.5L,

MRPL = MRCL = w = $20.

The marginal revenue product of labour (MRPL) schedule in column 4 of Table (3) represents the firm’s demand schedule for labour. It gives the amount of labour demanded by the firm at various wage rates. See Figure (3) where dL = MRPL is shown as a downward sloping curve.
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For example, if the wage rate per day (w) were $ 40, the firm would hire 2.5 units of labour because that would be where MRPL = MRCL = W = $40. If w = $30, the firm would demand 3 units of labour. If w = $20, the firm would demand 3.5L, and with w = $10, the firm would demand 4L. This is shown in Figure (3), where dL = MRPL represents the firm's demand curve for labour; The figure shows that if the wage rate per day (w) were constant at $20, the firm would demand 3.5L, as indicated above.
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