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Ec. 100B, Macvo~economics, Piofessour Gaffney
Class notes, January 21, 1981
Capital, Turnover, and Payback Time

1. What is Capital? A simple working definicion is, Capital is
the sum of goods that have beenr proeduczed but not yet used up. There is
an interval of time between the imput of labor @nd other prime factors)
and the final delivery of service 1o consumers. During this interval the
production must be "financed". Thi: means that an investor or capitalist
must "carry"the capital by advancing money to workers, lenders of meney,
landlords, sellers of raw material and utilities, tax-collectors and
others, thus finaoncing the product until he xecovers his advances from sales.

Almost all output goes through a pericd of being "capital". There is
little direct comsuming of products as they are produced, simultaneoualy.
Direct services like haircuts are an exception, although even they last a -
while (scme people make them last for years), end during this interval they
are called "human capital" because incorporated in & human body.

During the interval between production and consumpticn, capital is said
to be "ripening". (Another common wmetaphor is to say it is "in the pipeline.”)
The analogy is to food production. Seceds are capital, which slowly ripen iato
harvests. Maybe 20% of all capital fits this pattern. We will call it "growing"
capital, things like crops, livestock, cheese, ligucor, and tisber. With a
little use of statistical probability, we caa apply the model tc inventories
and to deposits of minerals, both of which have value addad to them while they
are held. c

Some other capital, like trucks and houses, delivers service as the capi~
tal wears out. When United Parcel comes to youy door, it ies delivering to you
{and you pay for) a little piece of the truck along with the package. 1In case
of the truck, you may ask how it is "ripening” when it is wearirg out? Think
of it as being annular, that i8 compesed of comcentric riungs, like a tree or
an onion. The outer ring represents the currently usable service flow. Each
vear (or other period) one outer ring is used up and wears off, exposiug the
next one for use. This next one is what has now “ripened" intec a higher value.
Sounds strange?! This is exactly the way mathematicians, appraisers and valu-
ation engineers view trucks and houses when they place a value on them. Thus
a house value is the sum of several annual "rings" of service, zach one of which
is appreciating or ripening as it moves forward in time to the year when it
will actually give service. Butr the sum of these appreclacing rings depreci-
ates, why? Because each year there is one less of them; and each succeeding
one is smaller.*

Capitalists create income when they advance capital to hired factors
like workers. This is "investuent". Investing consists of two stages orx
parts: paying money; and delivering the goods to back up the money. Here we
collapse these twe stages into one (for a while. The capitslist simply grub-
stakes the worker by advancing ripe goods to the worker, while the worker
wakes unripe goods for the capitalist.

*These rings really do apprecizmte. The 50th year of 1ife built into a house
adds only a little to cost today compared to 1ts vailue in the 5Uth year, as
a rule. Another $1,000 today might add a yeac's service worth $7,000 then
in coustant <ollars.
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3. Capitalists can advance capital to workers each time it comes
back to them ia sales. They comstantly "recycle” it this way. This is
the circulation of capital. . The flow of payrolls thus depends on the
quantity of capital times the number of times it is recycled each year.
The latter is called "Turnover." Volume (a synonym for flow) equals
capital times turnover. This formula i{s familiar to 21l merchants.

4, Let's take a simple introductory case. "Broilers" (poultry raised
for meat) take about 13 weeks from the chick to the slaughter. That is %
of a year. ' .

P = Payback Period = ¥ year

T = Turnover = 4/year = 1/P

V = Volume/year = 4K = TK (where K = Capital)

V/K = FPlow/Fund ratio = T = 4

K/V = Fund/Flow ratio = P = % ., (Often callad the Capital/Cutput ratioc.)

The last two ratios are obvious, yet sc easy to forget, so let's re-
peat. The flow/fund ratic is the same as turnover. Turmover is the reci~
procal of the payback period. The capital/output ratic is the same as the
payback pariod. Let's just lean on that last ome. The capital/output ratio
is the same as the payback pericd. This says that the longer is the payback
period, the more capital it takes tc produce a given ocutput (and to employ
a given number of workers.} This is an idea to conjure with. To make capital
sozk up the wnemployed, we need to reduce payback times. This increases the
valence of capital for labor.

. 5. Alas for simplicity, the simple case leaves out some Iimportant

factors. It does not account for the regular flow of current inputs {(cslled
“running costs", or "operation and maintenance") into the ripening stock as
value is added from chick to breilsr. There are running costs of feed, shelter,
waste removal, health care, managemant, etc. This changes the payback period
average. For example, the feed investment of week 12 is recovered in just one
week, not 13, To handle this, we need a more complex accounting. Fortunately,
the needed mathematics has all been worked ocut for us long siunce.

Besides the visible running costs there are invisible ones, notably the
reguiar plowback of iInterest on uarecovered capital. When capital is not re-
covered in sales, interest on the capital is etill figured, but it becomes
part of the value of the capital itself. Then in the next period we have to
figure interest both on the eriginal capital, and the accrued interest. This
is what compound interest is all about.

You can see that this might get a little heavy. But don't despair, that
means you are about to learn some worthwhile technlques, skills that will not
depreciate until you do and will stand you in good stead. As your dentist sayas,
it oniy hurts a little and it will sharpen your bite.

Some are prone to declare "impossibie” arything that strikes them as
difficult. This is true not only of unwilling students, but of the neo-
classical Micro-economists. Buit we will see that it iz possibie, and wore
interesting than difficult.
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One approach, which we follow here, is to model a "normalized" or
staggered operation. The idea is that you start one cohort of chicks
each week, and sell one cochort each week, thus evening out the flow of
your sales. This is called a “going concern” model.

Each week there will be sales; and there will be 2 constant amount
of capital on hand. The ratio of capital to sales, or K/V, is the pay-
back time. A formal proof of this would be interesting, and at soms stage
necessary, but here we content ourselves with saying we have already shown
it for the simple case, and assume it applies to the gemeral case.

I assume you know the formula for compound interest. If we invest
$1 at the beginning of week #1, it will grow to a value of (1 + 1) raised
to the 13th power at the end of week#13, (where i ies the rate of interest
per period, in this case per week.)

Say it costs $1 to start each cohort of broilers. Say that running

costs are zero (we'll put them in later.) Using §1 for startup costs doesn't

say that's what they really are, nor is it unrealistic, it just puts every-
thing on a per~dollar basis.

To justify tying up the capital for 13 weeks, sales from each cchort
must be: 1
ve(+1)l3

. Aggregating the capital is the only hard part. We'll do 1t at the
end of each week. For cohort #1, the value is now (1 4+ 1}; for cohort #2,

it is (1 + 1)2; for #3, (1 + 1)3; and sc on to #13, (1 + 1)13, 'Thia ie
the sum of a geometric progression, and a standard formula in the mathe-
matics of finance.
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Table 1 gives values of K/V for different values of n & 1.
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Next, let's add the factor of running costs (c). Startup costs were
$1. Let rumning costs be 10¢ or $.10. These will add to both sales and
capital. Sales must be higher in order to pay back the running costs, plus.
interest on these costs during their respective individual periods of in-
vestment.
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