THEORY OF PRODUCTION AND COST





Production is concerned with the relationship between inputs and outputs and is defined to be the use of factors of production to produce and market goods and services.





Inputs include the broad categories of land, labor, capital, other intermediate inputs and entrepreneurship.





In a market economy, firms organize production.  In a mixed economy, firms and governments each organize the production of various goods and services.





An input that cannot vary in quantity during the relevant time period is called a fixed input or fixed factor.





An input having a quantity which can change in the relevant time period is called a variable input or variable factor.





The short-run is a period of time such that at least one factor of production cannot be changed; there is at least one fixed factor.  The long-run is a period of time such that all inputs are variable in quantity.





A production function summarizes the relationship between all combinations of inputs and the corresponding maximum attainable levels of output, for a given technology.





Consider production theory in the short-run.





The total product, TP, of a variable input is the amount of output produced over the period when that input is used with fixed quantities of all other inputs.  (With only one variable input, all other inputs are fixed in quantity.)





Consider a farmer’s production of potatoes as the amount of fertilizer varies, holding the quantities of all other inputs fixed.  





Total and Marginal Products of Fertilizer
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The marginal product of an input F, � EMBED Equation.2  ���,  is the additional output per unit increase in the input, holding all other inputs (and technology) constant;     � EMBED Equation.2  ���.





For example, in the above table, the marginal product of the fourth unit of fertilizer is 35 bushels of potatoes per 100 pounds of fertilizer.  Total output increases by 35 units as a result of the fourth unit of fertilizer being used. 





Diminishing marginal product:  As more of a variable input is employed, with the quantities of all other inputs held constant, the marginal product of the variable input will decline after some point.





Diminishing marginal product results from the process of adding additional units of a variable input to given quantities of other inputs.  





(In the above example, marginal returns start to diminish after the fourth unit of input (fertilizer).  For each additional input unit, the marginal product is lower than for the previous unit.)





Figure 1 shows the total product of fertilizer in the production of potatoes from the above example.  The corresponding marginal product is shown in Figure 2.  (Separate graphs are needed because TP is measured in bushels of potatoes while MP is measured in bushels of potatoes per unit of fertilizer.








Measuring costs and profits





Total (Economic) Cost is the monetary value of all inputs used in a particular activity over a given period.





Explicit Costs correspond to the monetary payments for inputs.





Implicit Costs are the opportunity costs of inputs that have no explicit monetary payments as a result of the inputs not being purchased in markets.  Examples include the durable goods, labor, risk taking, and financial assets provided by the owner as well as environmental damage.





Financial capital refers to the monetary resources invested in a business.


Physical capital or “capital goods” refers to the long-lived physical assets that are produced and in turn used in production.  





The opportunity costs of both are part of economic costs.





Economic depreciation is the reduction in the value of a capital good over the relevant period that results from wear and tear as well as from obsolescence.





Accounting depreciation measures the annual accounting cost of capital and is expressed as some portion of the capital’s monetary cost.





Even though accounting depreciation is intended to reflect economic depreciation, the two will often differ since accounting practices require the use of rules-of-thumb.





The (economic) cost of capital will include the opportunity cost of using the capital.





Economic profits and accounting profits are defined below:
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Accounting costs measure the explicit costs of production during a given period plus accounting depreciation.





Economic profits measure the net (private) economic gain resulting from some economic activity.





Economic profits are important in signaling the desirability of reallocating resources in a market economy.


Economic profits are negative when revenues do not cover the opportunity costs of producing the good.  In this case there will be a tendency for resources to move to other activities.


Economic profits are positive when there are no alternative uses of the resources that are as profitable as the current use.  In this case resources will move from other production activities.


Economic profits are zero when the returns to owner supplied inputs exactly equal the opportunity costs of the inputs.  These returns are called normal profits.








The following definitions and analysis focus on economic costs.





Variable cost, VC, is the cost of the variable input(s) used to produce any given level of output.  VC changes with the level of output because the quantity (ies) of the variable input(s) change.   





Fixed cost, FC, is the cost of all fixed inputs.  FC does not vary with the level of output since quantities of fixed inputs do not vary.





Total cost, TC, is the sum of the costs of all inputs used to produce output during the period. 


Note that TC = VC + FC.





Consider the relationship between production and costs using the following example which  builds upon the above example where fertilizer is the only variable input.  It is assumed that the price of fertilizer is $50 per unit of fertilizer and that the costs associated with all the fixed inputs are $40.�
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Marginal cost, MC, is the increase in total or variable cost per unit increase in output, Q; � EMBED Equation.2  ���.


For example, the marginal cost of production at 68 units of output is $1.67 per unit of output.  In increasing output from 38 to 68 units, variable (total) costs increase by $50.  With the 30 unit increase in output (� EMBED Equation.2  ���) variable costs increase by $50 (� EMBED Equation.2  ���).  It follows that the marginal, or incremental, cost per unit of output is $1.67.





Average variable cost, AVC, is the variable cost of production per unit of output; � EMBED Equation.2  ���.


For example, with the variable cost of 211 units of output (i.e., bushels of potatoes) being $400, this translates into an average variable cost of $1.90 per unit of output (= $400/211 bushels).


Average fixed cost, AFC, is the fixed cost per unit of output; � EMBED Equation.2  ���.


For example, the average fixed cost at 137 units of output is $0.29 per unit of output.





In general, AFC decreases as output increases since fixed costs remain unchanged.








Average cost, AC, is the total cost of all inputs per unit of output; � EMBED Equation.2  ���.


As shown below, AC is also the sum of AVC and AFC.





� EMBED Equation.2  ���





As an example, consider the average cost of producing 235 bushels of potatoes.  With 235 bushels, the total cost  is $540.  This translates into an average cost of $2.30 per bushel (=$540/235 bushels).  Note that the average variable cost of 235 bushels ($2.13) and the average fixed cost of the 235 units ($0.17) sum to the average cost of the 235 units ($2.30).
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The variable, fixed and total costs in the above example are shown in Figure 3.


The marginal and average costs are shown in Figure 4.





Marginal cost is directly related to the marginal product of each variable input:  � EMBED Equation.2  ���.


The marginal cost of output directly depends upon the marginal productivity of the variable input and the price of that input. For example,  if � EMBED Equation.2  ���and the wage rate is unchanged at $10.00 per hour, MC = $20 per widget.





Consider the relationship between marginal cost and the marginal product of the variable factor in the context of the above example.  To produce 38 units of potatoes requires 2 units of fertilizer.  The marginal product of the second unit of fertilizer is 23 units of potatoes per unit of fertilizer. It follows that to produce one unit of potatoes requires 1/23 units of fertilizer. Each unit of fertilizer costs $50.  It follows that the marginal cost of producing the extra unit of potatoes is $2.17 (= $50 x (1/23) = $50/23) which is the same number calculated in the above table.





Second numerical example:  Suppose that the wage rate is $10 per hour and the marginal product of labor is 2 units of widgets (output) per hour of labor.  One half hour of labor is needed to produce one more unit of output at a cost of  � EMBED Equation.2  ���.





Note that if the price of a variable input goes up, the marginal cost of output rises when the marginal product of the variable input is unchanged.





Often we talk about MC increasing as output increases (after some point).  The underlying reason is diminishing marginal product of the variable input(s).


�
Costs in the Long-run





Consider the long-run in which the quantities of all inputs are variable.





Note:  The cost of producing a given level of output in the long-run is always less than or equal to the short-run production cost, provided that input prices and technology remain unchanged.





The long-run average (total) cost curve in general will be flatter than the short-run curves.  





Economies of scale are present when LRAC declines as output rises.





There is constant returns to scale when LRAC remains unchanged as output increases.





There are diseconomies of scale when LRAC increases as output rises.





Whether firms in an industry are subject to increasing, constant or decreasing returns is important in determining market structure.  More on this latter.
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