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UNIT 1 ANALYSIS OF COSTS

verywhere that production goes, costs follow close behind like a shadow. In a world of
scarcity, firms have to pay for their inputs: steel, screws, solvents, engineers,
secretaries, computers, telephones, lights, and pencils. Profitable businesses are acutely aware
of this simple fact as they set their production strategies, since every dollar of unnecessary costs
reduces the firm’s profits by that same dollar. Indeed, too much production can be as dangerous
as too little; history shows that over-expansion can often drive a fast-growing company into
bankruptcy, by pushing up costs far faster than revenues. But the role of costs goes far beyond
influencing the level of production. Smart businesses also pay close attention to their costs when

they are making their operating decisions.

1-1  THE LINK BETWEEN PRODUCTION AND COSTS

What determines a firm’s cost curve? Clearly the prices of inputs like labor and land are
important factors influencing costs. Higher rents and wages mean higher costs, as any business
manager will tell you.

But the cost curve for a firm also depends very closely on the firm’s production function.
To see this, note that if technological improvements allow the firm to produce the same output
with fewer inputs, the firm’s costs will fall, and the cost curve will shift down.

Indeed, if you know factor prices and the production function, you can calculate the cost

curve, Suppose a firm is aiming to produce a particular level of output. The production function

(plus factor prices) will tell us what is the least costly combination of inputs the firm can select

that can yield that output. Calculate the total cost of the least-cost bundle of inputs.

We can see the derivation of cost from production data in the simple numerical example
shown in Table 1. Suppose Farmer Smith rents 10 acres of land and can hire farm labor to
produce wheat. Per period, land costs $5. 5 per acre and labor costs $5 per worker. Using
up-to-date farming methods, Smith can produce according to the production function shown in
the first three Columns of Table 1. In this example, land is a fixed cost (maybe because Farmer
Smith operates under a 10-year lease), while labor is a variable cost (maybe because farm
workers, unlike faculty members, can easily be hired and fired).

Using the production data and the input-cost data, for each level of output we calculate the
total cost of production shown in Column (6) of Table 1. As an example, consider the total
cost of production for 3 tons of wheat. Using the given production function, Smith can produce
this quantity with 10 acres of land and 15 farmhands. The total cost of producing 3 tons of
wheat is $130 (10 acres x $5. 5 per acre +15 workers x $5 per worker). Similar calculations
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will give all the other total cost figures in Column (6) of Table 1.

(1) (2) (3) (4) (5) (6{
Output Land Labor Rent Wage Total Cost

{(tons of wheat) (acres) {workers) ($ per acre) | ($ per worker) %)
0 10 0 5.5 5 55

1 10 6 5.9 5 85

2 10 11 5.5 5 110

3 10 15 5.5 5 130

4 10 21 5.5 5 160

5 10 31 5.5 5 210I

6 10 45 5.5 5 280
7 10 63 5.5 5 370’
8 10 85 5.5 5 480 ‘

Table 1.  Costs Are Derived from Production Data and Input Costs

Farmer Smith rents 10 acres of wheatland and employs variable labor. According to the farming production function,
careful use of labor and land allows the inputs and yields shown in Columns (1) to (3) of the Table At input prices

of $5. 5 per acre and $5 per worker, we obtain Smith’s cost of production shown in Column (6)  All other cost

concepts can be calculated from the total cost data.

Diminishing Returns and U-Shaped Cost Curves

The relationship between cost and production helps us explain why average cost curves tend to
be U-shaped. Recall that analysis of production distinguished two different time periods, the
short run and the long run. The same concepts can be applied to costs as well:

¢ The short run is the period of time that is long enough to adjust variable inputs, su§:h as

materials and production labor, but too short to allow all inputs to be changed. In the|short

run, fixed or overhead factors such as plant and equipment cannot be fully modiﬁ&;d or

adjusted. Therefore, in the short run, typically labor and materials costs are variable

costs, while capital costs are fixed.

® Inthe long run, all inputs can be adjusted including labor, materials, and capital. Hence,
in the long run, all costs are variable and none are fixed.

Note that whether a particular cost is fixed or variable depends on the length of time we are
considering. Typically, in the short run, we will consider capital to be the fixed cost and labor
to be the variable cost. That is not always true (think of your college’s tenured faculty),, but
generally labor inputs can be adjusted more easily than can capital.

Why is the cost curve U-shaped? Consider the short run in which capital is fixed but labor
is variable. In such a situation, there are diminishing returns to the variable factor (labor)
because each additional unit of labor has less capital to work with. As a result, the marginal
cost of output will rise because the extra output produced by each extra labor unit is going
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down. In other words, diminishing returns to the variable factor will imply an increasing
short-run marginal cost. This shows why diminishing returns lead to rising marginal costs after
some point.

Figure 1, which contains exactly the same data as Table 1, illustrates the point. It shows
that the region of increasing marginal product corresponds to falling marginal costs, while the
region of diminishing returns implies rising marginal costs.

We can summarize the relationship between the productivity laws and the cost curves as
follows:

In the short run, when factors such as capital are fixed, variable factors tend to show an
initial phase of increasing returns followed by diminishing returns. The corresponding cost
curves show an initial phase of declining marginal costs followed by increasing MC (marginal

cost) after diminishing returns have set in.

1-2  CHOICE OF INPUTS BY THE FIRM

Marginal Products and the Least-Cost Rule

Every firm must decide how to produce its output. Should electricity be produced with oil or
coal? Should cars be assembled in the United States or Mexico? Should classes be taught by
faculty or graduate students? We now complete the link between production and cost by using
the marginal product concept to illustrate how firms select the least-cost combinations of inputs.

(a) Diminishing Returns. . . (b) ... Produce Upward-Sloping MC
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Figure 1. Diminishing Returns and U-Shaped Cost Curves
The U-shaped marginal cost curve in (b) arises from the shape of the marginal product curve in (a). With fixed land

and variable labor, the marginal product of labor in (a) first rises to the left of B, peaks at B, and then falls at D as
diminishing returns to labor set in.

The marginal cost curve derives from production data. In the region to the left of B in (b) — such as at point A
— rising marginal product means that marginal cost is falling; at B, peak marginal product occurs at minimum
marginal cost; in the region to the right of B, say, at D, as the marginal product of labor falls, the marginal cost of
producing output increases.

Overall, increasing and then diminishing marginal product to the variable factor produces a U-shaped marginal cost
curve,
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In our analysis, we will rely on the fundamental assumption that firms minimize their costs
of production. This cost-minimization assumption actually makes good sense not only for
perfectly competitive firms but also for monopolists or even nonprofit organizations like colleges
or hospitals. It simply states that the firm should strive to produce its output at the lowest
possible cost and thereby has the maximum amount of revenue left over for profits or for other
objectives.

More generally, there are usually many possible input combinations, not just two. But we
don’t have to calculate the cost of every different combination of inputs in order to find the one
that costs the least. Here’s a simple way to find the least-cost combination: Start by calculating
the marginal product of each input. Then divide the marginal product of each input by its factor
price. This gives you the marginal product per dollar of input. The cost-minimizing
combination of inputs comes when the marginal product per dollar of input is equal for all
inputs. That is, the marginal contribution to output of each dollar’s worth of labor, of land, of
oil, and so forth, must be just the same.

Following this reasoning, a firm will minimize its total cost of production when the
marginal product per dollar of input is equalized for each factor of production. This is called the
least-cost rule.

Least-Cost Rule: To produce a given level of output at least cost, a firm should buy

inputs until it has equalized the marginal product per dollar spent on each input. This implies
that:

(marginal product of L)/ (price of L) = (marginal product of A)/ (price of A)

A corollary of the least-cost rule is the substitution rule.

Substitution Rule: If the price of one factor falls while all other factor prices remain the
same, firms will profit by substituting the now-cheaper factor for all the other factors.

Let’s take the case of labor (L). A fall in the price of labor will raise the ratio MP./P.
above the MP/ P ratio for other inputs. Raising the employment of L lowers MP, by the law
of diminishing returns and therefore lowers MP./ P,. Lower price and MP of labor then bring
the marginal product per dollar for labor back into equality with that ratio for other factors.

1-3 THE BALANCE SHEET

Business accounting is concerned with more than the profits and losses that are the economic
driving force. Business accounts also include the balance sheet, which is a picture of
financial conditions on a given date. This statement records what a firm, person, or nation is
worth at a given point in time. On one side of the balance sheet are the assets (valuable
properties or rights owned by the firm). On the other side are two items, the liabilities
(money or obligations owed by the firm) and net worth (or net value, equal to total assets
minus total liabilities ).

One important distinction between the income statement and the balance sheet is that
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between stocks and flows. A stock represents the level of a variable, such as the amount of

water in a lake or, in this case, the dollar value of a firm. A flow variable represents the

change per unit of time, like the flow of water in a river or the flow of revenue and expenses

into and out of a firm. The income statement measures the flows into and out of the firm, while

the balance sheet measures the stocks of assets and liabilities at the end of the accounting year.

The fundamental identity or balancing relationship of the balance sheet is that total assets

are balanced by total liabilities plus the net worth of the firm to its owners:
total assets = total liabilities + net worth
We can rearrange this relationship to find:
net worth = assets — liabilities

Table 2 shows a simple balance sheet for Hot Dog Ventures, Inc. On the left are assets,
and on the right are liabilities and net worth. A blank space has been deliberately left next to the
net worth entry because the only correct entry compatible with our fundamental balance sheet
identity is $200, 000. A balance sheet must always balance because net worth is a residual
defined as assets minus liabilities.

To Ilustrate how net worth always balances, suppose that hot-dogs valued at $40, 000
have spoiled. Your accountant reports to you: “Total assets are down $40, 000; liabilities
remain unchanged. This means total net worth has decreased by $40, 000, and I have no choice
but to write net worth down from the previous $200, 000 to only $160, 000.” That's how
accountants keep score.

Balance Sheet of Hot Dog Ventures, Inc. (December 31, 1997)

Assets Liabilities and Net worth
Liabilities

Current assets: Current liabilities:
Cash $20, 000 | Accounts payable $20, 000
Inventory 80, 000 | Notes payable 30, 000
Fixed assets: Long-term liabilities:
Equipment 150,000 | Bonds payable 100, 000
Buildings 100, 000 Net worth

Stockholders’ equity:

Common stock ...
Total $350, 000 | Total 350, 000

Table 2. The Balance Sheet Records the Stock of Assets and Liabilities, plus Net Worth, of a Firm

at a Given Point in Time.

Accounting Conventions

In examining the balance sheet in Table 2 you might well ask: How are the values of the
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different items measured? How do the accountants know that the buildings are worth $100, 000?

The answer is that accountants use a set of agreed-upon rules or accounting conventions to
answer most questions. The most important assumption used in a balance sheet is that the value
placed on almost every item reflects its historical costs. This differs from the economist’s
concept of “value”. For example, the inventory of hot-dog buns is valued at the price that was
paid for them. A newly purchased fixed asset — a piece of equipment or a building — is valued
at its purchase price (this being the historical cost convention). Older capital is valued at its
purchase price minus accumulated depreciation, thus measuring the gradual decline in
usefulness of capital goods. Accountants use historical cost because it reflects an objective
evaluation and is easily verified.

In Table 2 current assets are convertible into cash within a year, while fixed assets
represent capital goods and land. Most of the specific items listed are self-explanatory. Cash
consists of coins, currency, and money on deposit in the bank. Cash is the only asset whose
value is exact rather than an estimate.

On the liabilities side, accounts payable and notes payable are sums owed to others for
goods bought or for borrowed funds. Bonds payable are long-term loans floated in the market.
The last item on the balance sheet is net worth, or stockholders’ equity. This is the net value of
the firm’s assets less liabilities, when valued at historical cost. The net worth must equal
$200, 000.

1-4  OPPORTUNITY COSTS

In this section we look at costs from yet another angle. Remember that one of the cardinal
tenets of economics is that resources are scarce. That means every time we choose to use a
resource one way, we've given up the opportunity to utilize it another way. That’s easy to see in
our own lives, where we must constantly decide what to do with our limited time and income.
Should we go to a movie or study for next week’s test? Should we travel in Mexico or buy a
car? Should we get postgraduate or professional training or begin work right after college?

In each of these cases, making a choice in effect costs us the opportunity to do something

else. The alternative forgone is called the opportunity cost. The immediate dollar cost of going
to a movie instead of studying is the price of a ticket, but the opportunity cost also includes the
possibility of getting a higher grade on the exam. The opportunity costs of a decision include all
its consequences, whether they reflect monetary transactions or not.

Decisions have opportunity costs because choosing one thing in a world of scarcity means
giving up something else. The opportunity cost is the value of the good or service forgone.

One important example of opportunity cost is the cost of going to college. If you went to a
public university, you might calculate the total costs of tuition, books, and travel to be
approximately $14, 000 in 1996. Does this mean that $14, 000 is your opportunity cost of going
to school? Definitely not! You must include as well the opportunity cost of the time spent

studying and going to classes. A full-time job for a 19-year-old high school graduate would on
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average pay around $16, 000 in 1996. If we add up both the actual expenses and the earnings
forgone, we would find that the opportunity cost of college is $30, 000 ($14, 000 +$16, 000)
rather than $14, 000 per year.

Business decisions have opportunity costs, too. Do all opportunity costs show up on the
profit-and-loss statement? Not necessarily. In general, business accounts include only
transactions in which money actually changes hands. By contrast, the economist always tries to
“pierce the veil of money” to uncover the real consequences that lie behind the dollar flows and
to measure the true resource costs of an activity. Economists therefore include all costs —
whether they reflect monetary transactions or not.

There are several important opportunity costs that do not show up on income statements.

For example, in many small businesses, the family may put in many unpaid hours, which are

not included as accounting costs. Nor do business accounts include a capital charge for the

owner’s financial contributions. Nor do they include the cost of the environmental damage that

occurs when a business dumps toxic wastes into a stream. But from an economic point of view,

each of these is a genuine cost to the economy.

Let’s illustrate the concept of opportunity cost by considering the owner of Hot Dog
Ventures. The owner puts in 60 hours a week but eams no “wages. ~ At the end of the year the
firm earns a profit of $22, 000 — pretty good for a neophyte firm.

Or is it? The economist would insist that we should consider the value of a factor of
production regardless of how the factor happens to be owned. We should count the owner’s own
labor as a cost even though the owner does not get paid directly but instead receives
compensation in the form of profits. Because the owner has alternative opportunities for work,
we must value the owner’s labor in terms of the lost opportunities.

A careful examination might show that Hot Dog’s owner could find a similar and equally
interesting job working for someone else and earning $45, 000. This represents the opportunity
cost or earnings forgone because the owner decided to become the unpaid owner of a small
business rather than the paid employee of another firm.

Therefore, the economist continues, let us calculate the true economic profits of the
hot-dog firm. If we take the measured profits of $22, 000 and subtract the $45, 000 opportunity
cost of the owner’s labor, we find a net loss of $23,000. Hence, although the accountant
might conclude that Hot Dog Ventures is economically viable, the economist would pronounce
that the firm is an unprofitable loser.

1-5  OPPORTUNITY COST AND MARKETS
At this point, however, you might well say: “Now I'm totally confused. First I learned that
price is a good measure of true social cost in the marketplace. Now you tell me that opportunity
cost is the right concept. Can't you economists make up your minds?”

Actually, there is a simple explanation: In well functioning markets price equal
opportunity cost. Assume that a commodity like coal is bought and sold in a competitive
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market. If I bring my ton of coal to market, I will receive a number of bids from prospective
buyers: $25. 02, $24.98, and $25.01. These represent the values of my coal to, say, three
electric utilities. I pick the highest — $25. 02. The opportunity cost of this sale is the value of
the best available alternative, that is, the second-highest bid at $25. 01 — which is almost
identical to the price that is accepted. As the market approaches perfect competition, the bids
get closer and closer until in the limit the second highest bid (which is our definition of
opportunity cost) exactly equals the highest bid (which is the price). In competitive markets,

numerous buyers compete for resources to the point where price is bid up to the best available
alternative and is therefore equal to the opportunity cost.

Opportunity Costs Outside Markets. The concept of opportunity cost is particularly
crucial when you are analyzing transactions that take place outside markets. How do you
measure the value of a road or a park, of a health or safety regulation? Even the allocation of
student time can be explained using opportunity cost.
® The notion of opportunity cost explains why students watch more TV the week after exams

than the week before exams. Watching TV right before an exam has a high opportunity

cost, for the alternative use of time (studying) would have high value in improving grade
performance. After exams, time has a lower opportunity cost.

® Say the federal government wants to drill for oil off the California coast. A storm of
complaints is heard. A defender of the program states, “What’s all the ruckus about?

There’s valuable oil out there, and there is plenty of seawater to go around. This is very

low-cost oil for the nation. ” In fact, the opportunity cost might be very high. If drilling

leads to oil spills that spoil the beaches, it might reduce the recreational value of the
ocean. That opportunity cost might not be easily measured, but it’s every bit as real as the
value of oil under the waters.

Opportunity cost, then, is a measure of what has been given up when we make a decision.
The crucial point to grasp is this: Economic costs include, in addition to explicit money
outlays, those opportunity costs incurred because resources can be used in alternative ways.

NOTES

1. assets: the entire property owned by a person that can be used to settle debts %=

2. balance sheet: a statement of a firm’s financial position as of a given date, listing assets
in one column, liabilities plus net worth in the other. Each item is listed at its actual or
estimated money value. Totals of the two columns must balance because net worth is
defined as assets minus liabilities. ¥ 7= ffi#%

3. diminishing returns: a law stating that the additional output from successive increases

of one input will eventually diminish when other inputs are held constant. Technically, the
law is equivalent to saying that the marginal product of the varying input declines after a
point. WX 2% 3% 0,

4. fixed cost: the cost a firm would incur even if its output for the period in question were
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