The Theory of the Firm

Production and Costs
in the short run

Production and Costs in the short run

Q= F(K,L)

Total product (TP), Average product (AP), and

Marginal product (MP)

Law of diminishing marginal returns
TC, FC, VC

AC, AFC, AVC

MC

The short run production function

* Q=F(KL)
* Where Q is amount of output, K is amount of
capital, and L is amount of labor
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Law of diminishing marginal product

* As more of the variable input is used with a

fixed input, the marginal product first
increases, reaches a maximum, then
diminishes and even becomes negative.

AP & MP Relationship




Costs in the short run

* Total Cost (TC) = Total Fixed Cost (FC) + Total Variable cost (VC)

— Fixed costs — costs that are not related directly to
production — rent, rates, insurance costs, admin costs.
They can change but not in relation to output.

— Variable Costs — costs directly related to variations in
output. Raw materials primarily.

¢ Total Cost - the sum of all costs incurred in production
e TC=FC+VC
¢ Average Cost — the cost per unit of output
e AC=TC/Output

¢ Marginal Cost — the cost of one more or one fewer
units of production

¢ MC=TC,-TC,, units
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Costs and Production

e AVC & AP Relationship
AVC = w*L/Q
or AVC = w/(Q/L) = w/AP,

* MC & MP Relationship

AVC we AL w

C = = =
AQ  ALeMP, M,
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Production and Costs
in the long run
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Production and costs in the long run

* |soquant and MTRS

* |socost

* Least cost combination

* Elasticity of Substitution
* Returns to scale

* Economies of scale

* Homogenous degree one
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Isoquants

* Isoquant - a curve that shows the efficient
combinations of labor and capital that can
produce a single (iso) level of output
(quantity).

e Equation for an Isoquant:

q="f(L, K).
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Production Function
With Two Inputs

Q =f(L, K)
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Production With Two Variable Inputs

Isoquants show combinations of two inputs
that can produce the same level of output.

Firms will only use combinations of two inputs
that are in the economic region of production,
which is defined by the portion of each
iIsoquant that is negatively sloped.

Production With Two Variable Inputs

Capital

Economic
Region of
Production

Ridge line

Labor

Properties of Isoquants.

1. The farther an isoquant is from the origin,
the greater the level of output.

2. Isoquants do not cross.
3. Isoquants slope downward
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Substitutability of Inputs

Cereal per day
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How the Marginal Rate of Technical Substitution Varies
Along an Isoquant

Substitutability of Inputs

MRTS in a Printing and Publishing U.S. Firm
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Returns to Scale Returns to Scale (cont).
* Constant returns to scale (CRS) - property of a
production function whereby when all inputs

are increased by a certain percentage, output

* Increasing returns to scale (/RS) - property of
a production function whereby output rises
more than in proportion to an equal increase

increases by that same percentage.

f(2L, 2K) = 2f(L, K).
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in all inputs

f(2L, 2K) > 2f(L, K).




Returns to Scale (cont).

e Decreasing returns to scale (DRS) - property
of a production function whereby output
increases less than in proportion to an equal
percentage increase in all inputs

f(2L, 2K) < 2f(L, K).
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6.4

RETURNS TO SCALE

e Describing Returns to Scale

Figure 6.9
Returns to Scale

Capital
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A
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When a firm’s production process exhibits
constant returns to scale as shown by a
movement along line OA in part (a), the
isoquants are equally spaced as output
increases proportionally.

However, when there are increasing
returns to scale as shown in (b), the
isoquants move closer together as
inputs are increased along the line.

The Cobb-Douglas Production Function

* |t one is the most popular estimated
functions.

q = ALeKZ
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Elasticity of Substitution

Elasticity of Substitution (o) =

percentA(K/ L)
percent AMRTS

_d(K/L) , MRTS
dMRTS K/L

K
MRTS,
A
g |MRTS
(K/L)a
K/I-)A Q1
0 L




Elasticity of Substitution

(o= (co>-G>-0) (c=0)
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Bundles of Labor and Capital That Cost
the Firm $S100

Labor, Capital, Labor Cost, Capital Cost, Total Cost,
Bundle L K wL = $5L 7K = $10K wL + K
a 20 0 $100 $0 $100
b 14 3 $70 $30 $100
¢ 10 5 $50 $50 $100
d 7 $30 $70 $100
e 10 $0 $100 $100
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K, Units of capital per year

A Family of Isocost Lines
Isocost Equation

For each extra unit

of capital it uses, _ C
the firm must use K= r L
two fewer units of ..
labor to hold its Initial Values
cost constant. C=%$100
w=$5
r=3%$10

d

\I:C Slope = -1/2 = wir

DY T— ot _ 5100 iso00st
5 10 15 $100 _
55 - 20

L, Units of labor per year
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A Family of Isocost Lines

Isocost Equation
C w

5
() — -

- K= r r L
= 15 = $150 Ani inC ..

£ ¥ s10 nincreaseIin t.... |Initial Values

Y] —

< C=$150

;E; 10= $1100 IR wo®

> $ r=3%10

$100 isocost $150 isocost
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A Family of Isocost Lines

Isocost Equation
C w

Combining Cost and Production Information.

e The firm can choose any of three equivalent

7-39 L, Units of labor per hour

g K = - L approaches to minimize its cost:
@ r r
= $150 .
g B0 Adecrease inC.... Initial Values . . .
g — — Lowest-isocost rule - pick the bundle of inputs where
5 C=%50 ) . .
ﬂ w=$5 the lowest isocost line touches the isoquant.
= $100 -
10="-+~
=510 | _
— Tangency rule - pick the bundle of inputs where the
550 isoquant is tangent to the isocost line.
®= 10
$50 isocost $100 isocost $150 isocost — Last-dollar rule - pick the bundle of inputs where the
last dollar spent on one input gives as much extra
$50 _ $100 _ $150 _ output as the last dollar spent on any other input.
E =10 $—5—20 $T—3O
L, Units of labor per year 37 38
Cost Minimization Cost Minimization
2 1 - 100 soquant | Which of these Isocost Equation g 4= 100 isoquant Isocost Equation
g three Isocost would C 2 C W
5 allow the firm to K = WL g K= P L
g produce the 100 r r g
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100 p=== W - $24 100 p==" W = $24
r=98 N , r=$8
AN

11
L, Units of labor per hour




Cost Minimization

* At the point of tangency, the slope of the isoquant
equals the slope of the isocost. Therefore,

MRTS = -2
.

last-dollar rule: cost is
minimized if inputs
Q MP, are chosen so
MRTS =— '
that the last dollar
MP  w spent on labor adds
L — as much extra output
MP. r as the last dollar

MP, — MP, spent on capital.

K

w r
41

K, Units of capital per hour

Cost Minimization Initial Values
=100
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Units of capital per hour

K

Cost Minimization Initial Values
q =100
MP, = 0.60/L C =$2,000
g = 100 isoquant MPK — 04q/K W= $2’4
r=$8
_25 _ .
- 24 —
203 _ 013 _
¥ =g = 0.02
100
28 EZ\\
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L, Units of labor per hour
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K, Units of capital per hour

100
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Change in Factor Price

Minimizing Cost Rule

d = 100 isoquant MP,_ _ MP
Original . W r
isocoet, Adecrease inw.... Initial Values

q =100

C =$2,000

w = $24
New isocost, r=9%8
$1,032 W2 — $8

C,=$1,032

50 7 L, Workers per hour
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7.3 COST IN THE LONG RUN . .
How Long-Run Cost Varies with Output

['he Effect of Effluent Fees on Input

Choices

Figure 7.5

e expansion path - the cost-minimizing
combination of labor and capital for each

The Cost-Minimizing
Response to an Effluent Fee

When the firm is not *'-\Irn-u: D

S (machine
wastewter namien k| output level
wastewater in a river, it month)

chooses to produce a
given output using 10,000 .
gallons of wastewater 4000 \
and 2000 machine-hours 3500

of capital at A. W00 -
However, an effluent fee

raises the cost of

wastewater, shifts the

isocost curve from FC to

DE, and causes the firm 1000 -
to produce at B—a

process that results in

much less effluent.

2000

Output
Tons of Steel per Month

E
5000 10,000 12,000 18,000 20,000 Wastew ater

(gallons per month)
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7.3 COST IN THE LONG RUN 7.4 LONG-RUN VERSUS SHORT-RUN COST CURVES &:\\.
Cost Minimization with Varying Output Levels The Inflexibility of Short-Run Production
Figure 7.6 Cagital
P o L 53000 bt Linse Figure 7.7

A Firm’s Expansion Path and
Long-Run Total Cost Curve

T The Inflexibility of Short-Run ~ Capital
Production per g
In (a), the expansion path year
(from the origin through
points A, B, and C) o
illustrates the lowest-cost

combinations of labor and

When a firm operates in the

— short run, its cost of <
production may not be

minimized because of

capital that can be used W % 20 w inflgxibi_lity in the use of /Long-Run
to produce each level of e capital inputs. Expansion Path
output in the long run— Output is initially at level g;. A
ie., Whgn both inputs lto o In the short run, output g, PN
production can be varied. P can be produced only by ? | Short-Run
In (b), the corresponding increasing labor from L, to ! Expansion Path
long-run total cost curve L, because capital is fixed ¢ P L

e ——
(from the origin through at K. ! ] | q2
points D, E, and F) In the long run, the same ! 1
measures the least cost output can be produced ' ) h
of producing each level of more cheaply by increasing ! ! i q
output. labor from L, to L, and L L B L. D F

capital from K, to K.

Labor per vear




Economies of Scale

* economies of scale - property of a cost
function whereby the average cost of
production as output expands.

» diseconomies of scale - property of a cost
function whereby the average cost of
production when output increases.

7.4 LONG-RUN VERSUS SHORT-RUN COST CURVES \F_

Economies and Diseconomies of Scale

Economies of scale are often measured in terms of a cost-output elasticity, Ec.
E. is the percentage change in the cost of production resulting from a 1-percent
increase in output:

To see how EC relates to our traditional measures of cost, rewrite the equation
as follows:

Economies of Scale

Baht/Unit
LAC
E;:gnoiﬂles Diseconomies
of Scale g of Scale
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7.4 LONG-RUN VERSUS SHORT-RUN COST CURVES \F_

Economies and Diseconomies of Scale

As output increases, the firm’s average cost of producing that output is likely
to decline, at least to a point.

This can happen for the following reasons:

1. |If the firm operates on a larger scale, workers can specialize in the
activities at which they are most productive.

2. Scale can provide flexibility. By varying the combination of inputs
utilized to produce the firm’s output, managers can organize the
production process more effectively.

3. The firm may be able to acquire some production inputs at lower
cost because it is buying them in large quantities and can therefore
negotiate better prices. The mix of inputs might change with the
scale of the firm's operation if managers take advantage of lower-
cost inputs.




7.4 LONG-RUN VERSUS SHORT-RUN COST CURVES \’_

Economies and Diseconomies of Scale

At some point, however, it is likely that the average cost of production will
begin to increase with output.

There are three reasons for this shift:

1. Atleastin the short run, factory space and machinery may make it
more difficult for workers to do their jobs effectively.

2. Managing a larger firm may become more complex and inefficient as
the number of tasks increases.

3. The advantages of buying in bulk may have disappeared once
certain quantities are reached. At some point, available supplies of
key inputs may be limited, pushing their costs up.

Long-Run Average Cost

* Inits long-run planning, a firm chooses a plant
size and makes other investments so as to
minimize its long-run cost on the basis of how
many units it produces.

— Once it chooses its plant size and equipment,
these inputs are fixed in the short run.

* Thus, the firm’s long-run decision determines its short-
run cost.

Long-Run Average Cost as the Envelope of Short-
Run Average Cost Curves

Average cost, $

12
10

0 q; a, g, Output per cay
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How Learning by Doing Lowers Costs

* learning by doing - the productive skills and
knowledge that workers and managers gain
from experience

56




Figure 7.11 Learning by Doing

(a) Learning by Doing on C-141 Aircraft
2 500
o

({b) Economies of Scale and Learning by Doing

 pl
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C-141 planes q, Output per period

58 5

g

57

75 PRODUCTION WITH TWO OUTPUTS—
’ ECONOMIES OF SCOPE

Product Transformation Curves

Figure 7.10 Number

of
tractors

Product Transformation Curve

The product transformation
curve describes the
different combinations of
two outputs that can be
produced with a fixed
amount of production
inputs.

The product transformation
curves O, and O, are
bowed out (or concave)
because there are
economies of scope in
production.

0 Number of cars

e product transformation curve Curve showing the
various combinations of two different outputs (products)
that can be produced with a given set of inputs.

Economies and Diseconomies of Scope

PRODUCTION WITH TWO OUTPUTS—
ECONOMIES OF SCOPE

e economies of scope Situation in which
joint output of a single firm is greater than
output that could be achieved by two
different firms when each produces a
single product.

o diseconomies of scope Situation in
which joint output of a single firm is less
than could be achieved by separate firms
when each produces a single product.

7.5 PRODUCTION WITH TWO OUTPUTS—
: ECONOMIES OF SCOPE

The Degree of Economies of Scope

To measure the degree to which there are economies of scope, we should
ask what percentage of the cost of production is saved when two (or more)
products are produced jointly rather than individually.

_ Clq)+C(q,)-Clq,.9,)

SC <
C (4,-9, )

(7.7)

e degree of economies of scope (SC)
Percentage of cost savings resulting when
two or more products are produced jointly
rather than Individually.




*7 6 DYNAMIC CHANGES IN COSTS—
: THE LEARNING CURVE

Figure 7.11

Hours of labor

per machine lot

The Learning Curve 8 H

A firm’s production cost

may fall over time as

managers and workers ¢
become more experienced

and more effective at using

the available plant and 4
equipment.

The learning curve shows
the extent to which hours of al
labor needed per unit of
output fall as the cumulative
output increases. 0 . ! . .

10 20 30 40 50

Cumulative number of machine lots produced

e learning curve Graph relating amount of
inputs needed by a firm to produce each
unit of output to its cumulative output.

*7.6 DYNAMIC CHANGES IN COSTS—
’ THE LEARNING CURVE

Graphing the Learning Curve

The learning curve is based on the relationship

L=A+BNF

Learning versus Economies of Scale
Figure 7.12

Economies of Scale versus Learning

A firm’s average cost of production
can decline over time because of
growth of sales when increasing
returns are present (a move from A
to B on curve AC,),

or it can decline because there is a
learning curve (a move from A on
curve AC, to C on curve AC,).

Cost
(dollars
per unit

of output)

(7.8)

Economies of Scale

Cutput




