
Consumers and Producers/Production Costs

Review

Market economies rely on individual decision makers guided by prices to coordinate activity.  Overview of supply and demand indicates how prices are determined in market economies and how the government influences prices.  Now we want to look more closely at individuals (consumers and producers) to understand how they make decisions.  More importantly, we want to develop consumer and producer behavior theories to will help us predict how they will respond to changing conditions (e.g., changing relative scarcity).

Consumers and Producers Objectives

If we want to predict behavior, we have to have some notion of the individuals' objectives.  If we don't know objectives, we can't predict behavior.  If we have an idea of objectives, we can predict general responses.  Economics assumes that individuals (consumers and producers) are motivated by their own self-interest.  Consumers want to maximize well-being (called utility).  Firms want to maximize profits.  Sometimes these decisions may be unconstrained (e.g., firms have unlimited access to capital), and sometimes they may be constrained (e.g., consumer's have limited budgets or firms have limited access to capital).  Thus, we want to understand the general approach to maximization (and minimization).  This is the foundation of economics as a method.

Aside:  are utility and profit maximization appropriate objectives?  For consumers, well-being can be defined to include social concerns (e.g., concern for others and the environment).  So utility maximization is not inconsistent with charitable and moralistic behavior.  We typically omit these terms when developing the general theory because they are hard to quantify, but the theory is general enough to include them.  

For firms, what are some of the other objectives firm's can follow?  Maximize sales subject to a minimum profit constraint, maximize managers' perquisites subject to minimum stock return, satisficing, etc.).  Argument has been that firms may not be maximizers because it requires too much information.  Particularly true when separation between ownership and management widens.  Owners (stockholders) are generally a diffuse, poorly organized group so managers may be able to pursue objectives other than profit maximization.  Counter is that market for managers and ownership may exert sufficient control to ensure most firms act like profit maximizers.  If managers fail to maximize profits, the firm will be taken over or other managers may be able to gain control by offering owners a better deal.  This is reason given by some for recent wave of take-overs (financial bankers argue that takeovers have increased efficiency by more closely linking ownership and management).  For simplicity, we will assume that firms maximize profits.  Accepted by tradition and similar results as other maximization objectives.  Satisficing theory is not clearly articulated.

Unconstrained Optimization

In general, all activities have a benefit and a cost (costs should be measured as opportunity costs, i.e., what we give up to increase that activity).  In general, the more we engage in an activity, the greater the costs and benefits.  Maximizing self interest requires that we find the appropriate balance between costs and benefits.  Thus, we want to maximize the net benefits of activity A, where:


NB(A) = TB(A) - TC(A).

To maximize with respect to the level of A, we want to determine how TB(A) and TC(A) change as we change A (called the marginal benefit and marginal cost of A, respectively) and engage in more A until MB(A) = MC(A).  In general, we expect MC to increase at an increasing rate (diminishing marginal productivity) and benefits to increase at a decreasing rate (satiation).  As long as the MB(A) exceeds the MC(A), more of the activity adds more to benefits than it does to costs; NB increases by continuing to do more A.  If MC > MB, more of the activity adds more to costs that to benefits, so NB would decrease.  Where MB = MC, the contribution to costs and benefits are equal, so NB doesn't change.  We get a unique global optimum where MC = MB.

For example, suppose a firm is trying to decide how much to produce.  It knows that total costs are given by TC = 100 + 10Q, and demand is given by P = 60 - 5Q.  How much should the firm produce to maximize profits?  First express the problem in the general form given above NB(Q) = TB(Q) - TC(Q), where Q is the activity.  In this case, TB is the revenue the firm receives from selling its output.  Thus, TB = TR = PxQ = 60Q - 5Q2, and NB(Q) = (60Q - 5Q2) - (100 + 10Q 

The intuition and relationships between TB, TC, MB, MC, and NB are illustrated in the Figures and Tables below.  MB and MC are the slopes of the TB and TC curves, respectively.  The difference between the TB and TC curves is the greatest where the slopes of these two lines are equal (i.e., MB = MC).  This corresponds to the point of maximum net benefit.  (Note:  MB = MC implies that the marginal NB is zero, but the total NB is the sum of all marginal NBs, so it is maximized where marginal NB is zero.).  This is the level of output that maximizes the firm’s profits.  From the NB equation, the firms profits are 25 at this level of output.  (Note that the MC = MB rule tells us the optimal level of output, but not the NB at that level of output.  We have to calculate NB from the NB equation at that level of output.  However, this simplifies the calculation because we only have to calculate one NB).

Equating MC and MB is the general rule that is used in all unconstrained optimization problems (both minimization and maximization).  Should you completely insulate your house if it costs $1000 and saves $1500/year in heating bills?  Maybe not.  If weather stripping on doors costs $100 and gets $1400 of the annual savings, the extra $900 spent on insulation may not be worth the additional $100/year savings.  Should we eliminate all pollution?  Should we eliminate all drugs?  

	Quantity
	Price
	TR
	MR
	TC
	MC
	NB (π)
	MNB

	0
	60
	0
	
	100
	
	-100
	

	
	
	
	55
	
	10
	
	45

	1
	55
	55
	
	110
	
	-55
	

	
	
	
	45
	
	10
	
	35

	2
	50
	100
	
	120
	
	-20
	

	
	
	
	35
	
	10
	
	25

	3
	45
	135
	
	130
	
	5
	

	
	
	
	25
	
	10
	
	15

	4
	40
	160
	
	140
	
	20
	

	
	
	
	15
	
	10
	
	5

	5
	35
	175
	10*
	150
	10*
	25
	0*

	
	
	
	5
	
	10
	
	-5

	6
	30
	180
	
	160
	
	20
	

	
	
	
	-5
	
	10
	
	-15

	7
	25
	175
	
	170
	
	5
	

	
	
	
	-15
	
	10
	
	-25

	8
	20
	160
	
	180
	
	-20
	

	
	
	
	-25
	
	10
	
	-35

	9
	15
	135
	
	190
	
	-55
	


*Interpolated values.
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CONSTRAINED OPTIMIZATION:  TOTAL BENEFITS

	Units
	Unskilled
	
	Skilled
	
	Managerial
	

	0
	0
	
	0
	
	0
	

	1
	19
	
	55
	
	51
	

	2
	36
	
	68
	
	60
	

	3
	51
	
	79
	
	67
	

	4
	64
	
	88
	
	72
	

	5
	75
	
	95
	
	75
	

	6
	84
	
	100
	
	76
	

	7
	91
	
	100
	
	75
	

	8
	96
	
	98
	
	73
	

	9
	99
	
	93
	
	70
	

	10
	100
	
	87
	
	64
	

	11
	99
	
	80
	
	57
	

	12
	96
	
	72
	
	49
	


CONSTRAINED OPTIMIZATION:  MARGINAL BENEFITS

	Units
	Unskilled
	MBus
	Skilled
	MBs
	Managerial
	MBm

	0
	0
	
	0
	
	0
	

	
	
	19
	
	55
	
	51

	1
	19
	
	55
	
	51
	

	
	
	17
	
	13
	
	9

	2
	36
	
	68
	
	60
	

	
	
	15
	
	11
	
	7

	3
	51
	
	79
	
	67
	

	
	
	13
	
	9
	
	5

	4
	64
	
	88
	
	72
	

	
	
	11
	
	7
	
	3

	5
	75
	
	95
	
	75
	

	
	
	9
	
	5
	
	1

	6
	84
	
	100
	
	76
	

	
	
	7
	
	0
	
	-1

	7
	91
	
	100
	
	75
	

	
	
	5
	
	-2
	
	-2

	8
	96
	
	98
	
	73
	

	
	
	3
	
	-5
	
	-3

	9
	99
	
	93
	
	70
	

	
	
	1
	
	-6
	
	-6

	10
	100
	
	87
	
	64
	

	
	
	-1
	
	-7
	
	-7

	11
	99
	
	80
	
	57
	

	
	
	-3
	
	-8
	
	-8

	12
	96
	
	72
	
	49
	


*Interpolated values.

Constrained Optimization

So far we have assumed that we are unconstrained by money, time, resources, etc.  We have been free to choose any level of the activity we like.  Many decisions are constrained (e.g., what is the best way to produce a given level of output; what is the most output we can produce with a given budget; how should candidates allocate campaign time and budgets; how should police allocate their budgets across patrols, detectives, gang sweeps, etc.; how should we allocate the defense or service budgets across procurement, manpower, reserves, etc.; etc.?).

Tables above illustrate intuition.  Suppose we want to maximize output subject to a budget constraint.  We have three types of inputs:  unskilled labor, skilled labor, and managers.  Objective is to find the balance of three types of labor that maximizes output.  Total output produced by each type of labor is illustrated in the first table.  

Assume for now that all three types of labor have the same per unit cost ($10), and we have a budget of $120.  Can we tell from this table how much of each type of labor to hire?  Would be very hard, but we could look at total output for all combinations of labor we can afford (i.e., 12 unskilled, 11 unskilled and 1 skilled, 11 unskilled and 1 managerial, etc.).  There are many combinations so this would be a tedious process.

As an alternative, we can consider how much output an additional unit of each type of labor provides (i.e., MB).  We will spend the first $10 on the labor that gives the highest output (i.e., 1st skilled labor), the next $10 on the unit of labor that gives the next highest output (1st managerial labor), etc.  In other words, we will always spend the next $10 on the unit of labor that buys the biggest increase in output.

What condition exists if we have the optimal distribution?  MBus = MBs = MBm (this would be true for all budget levels if we could buy fractional amounts of labor).  If MBus > MBs = MBm, (i.e., MBus = 13 and MBs = MBm = 8) we could increase output, without increasing costs, by hiring more unskilled labor and less skilled and managerial labor (i.e., we would lose 8 units of output if we hired one less skilled or managerial worker but gain 13 if we replaced one of these units with one unit of unskilled labor).  We always want MBs equal (with diminishing marginal productivity, as we hire more of the labor where MB is the greatest, MB decreases.  Conversely, as we hire less of the labor where MB is the lowest, MB increases.  Thus, shifting from the lowest MB to the highest MB will tend to equalize MBs.)

What if each type of labor has a different cost (e.g., Pus = 5, Ps = 10, Pm = 20)?  Now, we have to normalize contribution to output according to the cost of that contribution.  We do this by dividing MB by the Pl, to get MB per dollar spent on each type of labor (see third table above).  Then we follow the same process as before.  Now at the optimal point MBus/Pus = MBs/Ps = MBm/Pm.  This can be expanded into a general result for constrained optimizations.  P here represents the MC of an additional unit of labor (measured as opportunity cost).  Thus, the general result is MBx/MCx = MBy/MCy = MBz/MCz.
PRODUCTION
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Production

Now it is time to turn to the supply curve.  We have already determined that firms are the decision-making units on the supply side (legal structure is not important) and their objective is to maximize profits (other objectives typically produce similar responses).  Why do we have firms?  Economize on market transactions.  Why not just one big firm?  Bureaucratic costs typically increase with firm size.  Optimal firm size examines the trade-off between market transactions and bureaucracy costs.

What general rule should firms follow in choosing the output that maximizes their profits?  Unconstrained maximization problem, so they should equate MC and MB.  MB in this case is the extra revenue that you receive when you sell one more unit of output (i.e., marginal revenue or MR).  MC is the extra cost you incur when you produce an extra unit of output.  As long as the addition to revenues exceeds the addition to costs, your total profits will increase as you increase output.  If additional costs exceed the additional revenues, total profits would decrease if you expanded output.
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First we will look at MC, then MR, then combine the two.

What determines production costs?  Technology and input prices determine production costs.  Technology determines the physical relationship between inputs and outputs.  Input prices convert these physical relationships into costs.  In most cases, the physical relationships determine the cost relationships.  Thus, we will start by characterizing the physical relationships between inputs and outputs.  Then we will associate costs to these physical relationships.

What kinds of inputs do firms use in production? 


Labor



Capital

Materials


Machines


Utilities, etc.


Facilities






Land, etc.

It is too confusing to keep track of all these inputs (and hard to graph).  We will lump all inputs into two categories:  Variable Inputs (represented by labor) include all inputs where we can change the quantity used relatively quickly; Fixed Inputs (represented by capital) include all inputs where the quantity used can not be readily changed.  Thus, we can express output as a function of our representative inputs:  Q = f(K,L).  (Note that the distinction between fixed and variable inputs is based on the time required to change the quantity used.  Variable and fixed costs are the monetary costs associated with variable and fixed inputs, respectively.  However, variable costs can be fixed on a per unit basis (i.e., by contract) and fixed costs can vary on a per unit basis (i.e., variable rate mortgages).  Fixed and variable refers to the number of units used, not the value of the costs.)

Isoquants

We can represent technology by isoquants.  In particular, several different combinations of inputs can typically be used to produce a given level of output (i.e., there is substitutability between inputs).  If we want to produce 100 shirts/day, we can use needles and thread (lots of labor with little capital) sewing machines (more capital and less labor) or computer-controlled machines with robots (lots of capital and little labor).  We can represent the different combinations of capital and labor that produce a given output level by an isoquant (similar to an indifference curve).  If we have diminishing marginal productivity in both inputs, the isoquants will have the shape shown below (we will discuss diminishing marginal productivity further below).  There are an infinite number of isoquants (in fact there is one going through every point in the positive quadrant).  
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What do you think is the slope of an isoquant?  Similar to indifference curves, it is related to marginal productivity (isoquants show how much of each input we can give up and keep output constant, so the slope should be related to the marginal output we get from each input).  In fact, the slope of the isoquant is -MPl/MPk, where MPl = ∂Q/∂L and MPk = ∂Q/∂K.

Long Run Versus Short Run

Now suppose we want to produce 100 shirts per day, what combination of capital and labor should we use?  Want to find the combination of capital and labor that minimizes the cost of producing 100 shirts.  Mathematically, this is a constrained optimization problem.  We want to minimize cost subject to a minimum output constraint:  Min Y = PkK + PlL + (100 - f(K,L)).  The first order conditions for an constrained optimization imply that the optimal solution will satisfy MPk/Pk = MPl/Pl and the constraint 100 = f(K,L).  Graphically, we can draw an isocost curve (similar to a budget constraint).  The isocost curve shows all the points where total costs are the same.  The slope is -Pl/Pk.  The vertical and horizontal intercepts are E/Pk and E/Pl, respectively, where E is total expenditures.  Thus, total expenditures increase as the isocost line shifts out from the origin.  To minimize costs, we want to find the point on the isoquant for 100 shirts/day that is on the isocost line closest to the origin.  This occurs where the isocost line is just tangent to the isoquant, as shown below.  At this point, the slopes of the two lines are the same, so -MPl/MPk = -Pl/Pk  =>  MPk/Pk = MPl/Pl.  Thus, both approaches give the same answer.

We can repeat this operation for Q = 200, 300, 400, 50, etc.  The locus of tangency points shows the optimal combinations of capital and labor as output varies (called the expansion path because it shows the optimal way to expand output, see figure below).  If I have a shirt company and my logo catches on, can I use the expansion path to tell me the best way to increase my output?  No, not if I want to increase my output in the short run.  This is a long run planning curve because both capital and labor vary.  Only labor can vary in the short run.  Therefore, my short run expansion path is a horizontal line whose height reflects the amount of capital I currently own.  (See figure.)
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Short Run Expansion Path

From this short run expansion path, we can determine the physical relationship between inputs and outputs (i.e., how does output change in the short run as I add more variable inputs?).  We can also determine this relationship from the production function Q = F(K*,L).  Suppose we find that outputs and inputs have the relationship shown in the following table, where:

Technology:  Q = 4L1/2K1/2
K = 25  =>  Q = 20L1/2  =>  L = Q2/400

PK = 1000; Pl = 10

	Q
	L
	MPL
=∆Q/∆L
	Q
	FC
=Pk*K
	VC
=Pl*L
	TC
=FC+VC
	AFC
=FC/Q
	AVC
=VC/Q
	ATC
=TC/Q

=AFC+AVC
	MC
=∆TC/∆Q

	0
	0
	
	0
	25000
	0
	25000
	
	
	
	

	
	
	2.00
	
	
	
	
	
	
	
	5

	200
	100
	
	200
	25000
	1000
	26000
	125.00
	5.00
	130.00
	

	
	
	0.67
	
	
	
	
	
	
	
	15

	400
	400
	
	400
	25000
	4000
	29000
	62.50
	10.00
	72.50
	

	
	
	0.40
	
	
	
	
	
	
	
	25

	600
	900
	
	600
	25000
	9000
	34000
	41.67
	15.00
	56.67
	

	
	
	0.29
	
	
	
	
	
	
	
	35

	800
	1600
	
	800
	25000
	16000
	41000
	31.25
	20.00
	51.25
	

	
	
	0.22
	
	
	
	
	
	
	
	45

	1000
	2500
	
	1000
	25000
	25000
	50000
	25.00
	25.00
	50.00
	

	
	
	0.18
	
	
	
	
	
	
	
	55

	1200
	3600
	
	1200
	25000
	36000
	61000
	20.83
	30.00
	50.83
	

	
	
	0.15
	
	
	
	
	
	
	
	65

	1400
	4900
	
	1400
	25000
	49000
	74000
	17.86
	35.00
	52.86
	

	
	
	0.13
	
	
	
	
	
	
	
	75

	1600
	6400
	
	1600
	25000
	64000
	89000
	15.63
	40.00
	55.63
	

	
	
	0.12
	
	
	
	
	
	
	
	85

	1800
	8100
	
	1800
	25000
	81000
	106000
	13.89
	45.00
	58.89
	

	
	
	0.11
	
	
	
	
	
	
	
	95

	2000
	10000
	
	2000
	25000
	100000
	125000
	12.50
	50.00
	62.50
	


Short Run Product Curves

What happens to the relationship between output and labor as we hire more labor?  Output increases as we hire more labor.  Typically, the rate of increase increases at first, hits a maximum, and then begins decreasing.  This has to do with the productivity of labor.  When the quantity of labor is small, labor cannot specialize.  Thus, productivity is relatively low.  As the quantity of labor increases, specialization increases, and labor becomes more productive.  After a while, however, opportunities for specialization begin decreasing.  Adding more labor adds to total output, but the rate of increase decreases.  (If we hire enough, people might just get in each other’s way or distract each other and total output could even decrease, i.e., labor would have negative productivity).

When we talk about productivity, what do we mean?  There are two concepts, average productivity (Q/L) and marginal productivity (∆Q/∆L).  We can calculate both in the Table below.  (Note, MPl is listed between the values for Q and L signifying that it is the MPl as L varies between the two values (i.e., it is a linear approximation of the MPl at the midpoint of the two values.)  Note that MPl increases at first and then decreases.  This decease is due to decreasing marginal productivity as just described.  It is a phenomenon that we typically observe as we add more of one input holding all other inputs constant.  What about APl?  It has the same general trend.

We can also graph both curves.  As with table, graph MPl at mid-point between the two values of L.  Have you drawn graph carefully?  Does MPl intersect APl at its highest point?  Does this always happen?  Yes.  Why?  If marginal value is higher than average value, it brings average up.  If marginal is below average it brings average down.  This is always true (grades, batting averages, etc.).  Thus, MPl is the key factor in determining the shape of both these curves.  When MPl is increasing, APl increases as well.  Eventually MPl begins decreasing and becomes less than APl.  This brings APl down.

Costs

This gives us relationship between changes in inputs and outputs.  What we want is MC, or the relationship between changes in output and costs.  Thus, we need to associate costs with changes in inputs (MC = ∆Inputs x Price of Inputs as output changes by one unit).  Why did we discuss inputs versus outputs if we want outputs versus costs?  Generally find that input prices remain constant as we change the quantity hired.  Thus, shape of the relationship between outputs and costs is determined by relationship between inputs and outputs.  Prices simply monazite this relationship (will discuss further later).

To associate costs to inputs, where do we get costs?  Form prices?  Prices are probably a good proxy for the cost of variable inputs, but what about the price of a machine that we own?  Does it matter whether it is paid for?  We should use opportunity cost (i.e., what we give up by using the machine ourselves).  This is the value we could receive if we sold or leased the machine to someone else.  If the machine has a value to someone else, there is a cost to us of using the machine (what we give up by not selling the machine) even if we have paid for the machine.  If it has no alternative use, the cost is zero, even if we are still making payments (we couldn't receive anything if we stopped using the machine).  What relationship does this have to depreciation as used in bookkeeping?  Nothing.  That is simply an accounting mechanism that shifts the cost of the machine over several years for tax purposes.  It has nothing to do with the actual value of the machine, or even its useful life.  What about our brand name?  Again, it has a cost if someone else would buy or lease the rights to our name.

Lets contrast accountant's definitions of costs and profits.






Accountant
Economist

Variable Inputs



PlL =   50k
PlL =   50k


Capital ($1 million, 10yrs.)

          100k
          250k

Brand Name



               0
           50k

President/Owner


          100k
          150k
Total Costs



          250k
          500k

Revenue



          500k
          500k
Profit




          250k
               0

Would accountant advise you to stay in business?  Probably look at return on investment (250k/1m = 25%) to decide if return on investment is sufficient for the risk in this industry.  If rate of return is sufficient, stay; if not, leave.  What about economist?  If π ≥ 0, can't do better elsewhere.  If π < 0, leave.  Because costs are opportunity costs, we have required that the revenue be greater than the value of our resources in their next best use.  If revenue is sufficient to cover this, the current use is better than the nest best use.  If profits are not sufficient to cover this, the current use is not as good as the next best use.

Will economists and accountants give different answers?  Not necessarily.  Accounts must make the same assessments as economists, they just do it at a different stage of the analysis.  Economists look at other opportunities in determining opportunity costs.  Accountants make this assessment in determining an adequate return on investment.  As long as both have the same assessment of the value of alternative uses for resources, both will give the same advise.  The difference is that the controversial step is hidden in the cost assessment for the economist.  Once the economist has a profit figure, the optimal response is obvious.  For the accountant, profits have to be interpreted to determine the appropriate response.  Surprisingly, we will use the economist's approach here.  However, we assume that we can measure opportunity costs.  All cost figures are assumed to accurately reflect opportunity costs but we will not discuss how we measure them.  (For an accountant, this is equivalent to assuming we know the required rate of return for each industry, but not discussing how to determine it.)

Short Run Cost Curves

Now we can associate costs to the input/output data in the table above.  In particular, assume Pk = $1000, and Pl = $10.  We can calculate FC, VC, TC, AFC, AVC, ATC, and MC. If we have TC, can we calculate FC and VC?  Yes, if we know TC when Q = 0.  At that level of output, TC = FC.  Can we calculate MC in another way?  MC = ∂TC/∂Q = ∂VC/∂Q.  Why?  In the short run, VC is the only costs that change as output increases.  Therefore, the change in total cost must equal the change in variable costs (this is also true in the long run, but in this case all costs are variable).  Considering this, what effect will a change in fixed costs have on marginal costs?  None.  It will change total costs at all levels of output by the same amount, so marginal costs will not change.

Because optimal output choice requires MC = MR, we will focus on the unit cost values (AFC, AVC, ATC, and MC).  We can graph these curves (see graph).  Do we need to draw AFC?  No.  TC = FC + VC  =>  TC/Q = FC/Q + VC/Q  =>  ATC = AFC + AVC.  Thus, AFC is the vertical distance between AVC and ATC.  Notice these curves are getting continuously closer together.  Why, when FC doesn't change with output?  Because FC get averaged over a larger output base as output increases, so AFC continuously decreases.  Have you drawn your graph carefully?  Does MC cross AVC and ATC at their minimum values?  Should this always occur?  Yes.  Why?  The same reason as above.
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Why does MC have the shape drawn?  Diminishing marginal productivity.  Whenever MPl is increasing, MC is decreasing.  When MPl is decreasing, MC is increasing.  Why?  Mathematically, MC = ∆TC/∆Q = ∆VC/∆Q = (∆LxPl)/∆Q = (∆L/∆Q)Pl  =>  MC = Pl/MPl.  As MPl increases, MC decreases, and vice versa.  Intuitively, assume MPl = 0.1.  Thus, we need 10 units of L to produce 1 additional unit of output.  If L costs $1, MC = $10.  Now suppose labor becomes more productive, and the MPl increases to .2.  We now need 5 units of labor to produce one unit of output and MC = $5.  Thus as MPl increases, MC decreases because it takes fewer additional units of L to produce an additional unit of Q, and vice versa.

Thus, diminishing marginal productivity is the central notion of or product and cost curves.  It determines the shape of both MPl and MC.  In turn, MPl and MC determine the shapes of APl in the product graph and AVC and ATC in the unit cost graph.  Note that point 1 and point A are equivalent (i.e., both involve the same L and Q), and point 2 and point S are equivalent).  What would happen to the shapes of the curves if we had continuously increasing MPl?  MPl would always increase, bringing APl up with it.  Similarly, MC would continuously decrease, bringing AVC and ATC down with it.  The opposite would occur if MPl were continuously decreasing.

Long Run Costs

This completes our description of short run costs, but what about long run costs?  We could associate Pl and Pk with capital and labor along the supply curve and derive the LRTC, LRAC and LRMC curves.  However, this would not illustrate the relationship between short run and long run costs.  We will use a different approach.  (Do we need to derive the LRVC, LRFC, LRAVC, and LRAFC curves?  No.  There are no fixed costs in the long run, so LRFC and LRAFC do not exist and LRVC and LRAVC are the same as LRTC and LRATC, respectively.)

Consider what happens to short run costs as we change K.  As K increases, we get new sets of SR cost curves.  They will shift to the right, as shown below, indicating that we can produce a higher level of output as we increase the size of our plant.  Typically, the minimum point of the SRAC curve will decrease as K increases at first, then it may remain relatively constant for a while, and finally it will begin increasing as K increases.  This reflects economies of scale.  At first labor and capital can specialize as K increases, and we can buy bigger more efficient machines.  These "economies of scale" serve to decrease average costs.  Later we may exhaust the potential efficiencies of specialization and size.  At this point, the returns to scale are relatively constant.  Finally, the costs of a big bureaucracy become excessive and the min ATC begins increasing as we add K.

In the long run, how should we select the quantity of K and L we want to use to produce a given level of output?  As we worked out last time, we want to pick the combination that minimizes the cost of producing that level of output (i.e., along the long run expansion path).  Thus, at each Q, we would choose to be on the SRAC curve that gives us the lowest SRAC.  This is the cost minimizing combination of capital and labor (the quantity of K is determined by the SRAC curve because each curve is based on a unique quantity of K; the quantity of L is determined by the position on that SRAC curve).  Doing this for different levels of output derives the LRAC curve as the lower envelope of all the SRAC curves.  As we add more levels of capital, we get more SRAC curves.  This tends to smooth out the LRAC curve as shown in the bold line.

The slope of the LRAC curve indicates returns to scale (i.e., what happens to output when we increase all factor by the same proportion).  If the production function is of the form q = f(K,L), then we can measure returns to scale as zq = f(K,L).  If z > , we have increasing returns to scale (IRS) (i.e., output more than doubles when we double all inputs).  In this case, LRAC decreases as output increases (costs have doubled but output more than doubled so average costs decrease).  Why might we have increasing returns to scale?  Specialization, technology becomes more efficient as scale increases, large initial start-up or administrative costs that get spread more efficiently as scale increases.  If z = , we have constant returns to scale (CRS) (i.e., output doubles when we double all inputs).  In this case, LRAC remain constant as output increases (if outputs and inputs both double, average total costs will not change).  If z < , we have decreasing returns to scale (DRS) (i.e., output less than doubles when we double inputs).  In this case, LRAC increases as output increases.  Why might we have decreasing return to scale?  Exhaust specialization and more efficient technology, administrative burden increases.

Each point on the LRAC curve is tangent to a SRAC curve (SRAC and LRAC curves must be tangent if the LRAC is the lower envelope curve).  Thus, when the LRAC curve is declining (IRS), the corresponding SRAC curve is also declining.  The SRAC curve is increasing when the LRAC curve is increasing (DRS).  The only time that the minimum point of a SRAC curve is on the LRAC curve is when the LRAC curve is at its minimum (or horizontal i.e., CRS).  Intuition is not obvious.  Suppose there is IRS and I want to increase output beyond the tangency point.  If I maintain the same plant, I can capture some gains from specialization or more efficient use of administration, but not from more efficient technology or other sources that require increasing K.  Therefore, I am better off increasing capital as well as labor.  On the other hand, if I am operating where there is DRS, I am beyond the economic capacity of the SRAC curve.  It would seem that I could increase efficiency by moving to a larger plant, but the added management and coordination costs involved with the larger plant more that outweigh the efficiency gains of the larger plant.
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From the LRAC curve, we can derive LRTC and hence LRMC.  It has the same general shape as the SRMC curve, but it is flatter.  It also crosses the LRAC curve at its minimum point.  The relationship between the SRMC and LRMC is that LRMC = SRMC at the level of output where the LRAC curve is tangent to the corresponding SRAC curve.  This is only important if we are deciding the optimal plant capacity given an expected future price.  We will not address that issue this quarter, but we would have the information if we wanted to.

Note that we always operate on SR cost curves.  At any point in time we have a specific capital stock at our disposal.  That determines our SR cost curves.  As with the long run expansion path, LRAC and LRMC are LR planning curves.
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