
CHAPTER i6

Investment in Goods in Process

Goods in process comprise thecommodities individualmanufac..
turers have begun to fabricate but thatare not yet ready for de-
liveryabout 20 percent ofmanufacturers' holdings (Ch.7). As
argued in Chapter 8, as faras they are held in continuousprocess
industries, that is, in industriesin which it is impossibleor in-
convenient to keep surplus stocks ofsemifabricated goodsover and
above the quantitynecessary to sustain a certain rate ofactivity,
stocks of goods inprocess move up and down with therate of pro-
duction. And I presentedestimates that make itseem likely that
these conditions,or a reasonably close approximationto them,
characterize a substantialproportion of all goods inprocess. In
such industries stocks ofgoods in process cannot lagbehind pro-
duction. On thecontrary, they are likely to lead.The lead, how-
ever, cannot exceed an intervalequal to a production period;thatis, it cannot exceed thetime elapsing between themoment work is
begun upon a prospectiveunit of output ina manufacturing estab-
lishment and the time it isready for delivery. Finally,I estimated
that the average lengthof the productionperiod in manufacturing
establishments is unlikelyto be less than15 days and is probably
from 20 to 25 days.

Concerning the action ofgoods in process heldin other indus-tries I am less certain.However, since inestablishments that com-
bine several stages ofproduction eachstage is, so to speak,a 'con-
tinuous' industry, at leastpart of the goods inprocess must behavelike the stocks ofcontinuous industries.Moreover, it is notneces-sary for the stocks 'betweenstages' to move inverselyduring any
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part of a production cycle. There is only a possibility that theymay
do so. Hence it seem.s likely that the behavior of goods inprocess
sketched above is characteristic of a widerrange of manufacturing
than 'continuous' establishments alone.

Our present concern, however, is with investment in goods in
process, that is, with the absolute rate of change in such stocks per
time unit, and their relation to business cycles. Now itturns out
that the relations between the rate of production and goods in
process in continuous industries exist also between the absolute
rates of growth in production and in goods in process. The rate of
investment in goods in process, we shall find,moves up and down
with the rate of increase in output. It will not lag behind therate
of output, and if it leads, as it is likely to do, the lead willnot be
longer than a production period. If these relationscan be estab-
lished, we can use the pattern of the rate of change in manufac-
turing production (Ch. I 5, Sec. 3) to determine the cyclicalpat-
tern of investment in goods in process.

z Theoretical Relations between Rates of Increase in Ouqiut
and Investment in Goods in Process

Although we are interested in the relation betweenoutput and
goods in process, it is more convenient to present theargument in
terms of the relation between goods in process and input. Since
output must lag behind input by a production period, the relation
between stocks and output can be stated bya verbal alteration of
the conclusions.

To simplify the argument we assume that a unit of prospective
output grows in value at the same absolute rate in dollars from the
time work is begun until it is ready for delivery, that is, from the
time the unit becomes a part of the stock of goods inprocess until
it becomes a part of the stock of finished goods. Letus denote the
number of units put into work continuously on successive days by
the symbols ai, a2, a, and so on; and let us assume thata unit of
input is worth x dollars after one day of processing, 2X after two
days, and so on; finally let us assume that the production period
is four days. Letp = the value of goods in process.

Since the value of goods in process on any given day equals the
sum of the values attained by the units of input on which work be-
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gan on the given day and the three precedingdays, wemay writethe value of goods inprocess at the end of the fourthday alterrnput begins as:

a4x a3x a2x a,xi) p= ++a3x+__+2a,x++3a
This expression tellsus that the units put intoprocess on thefirst day, az, have,on the average, received threeand one.jj

days' processing by the endof the fourth day, + 3a1x. Goocj5
put into process on the second dayhave acquiredtwo and one-half
days' processingon the average, + a2x, by theend of the
fourth day, andso on. The total value of goodsin proce at theend of the fourth dayor, in general, any day, is thestun of vaJuesacquired by goodsput into process during thegiven day and thenumber of precedingdays that togethermake up aproductionperiod.

Equatingx to unity, thisexpression simplifies to:
a4 a, a2 ai
2 2 2 2

In the sameway, the value of goods inprocess at the end of thefollowing day is:

During the fifthday goods inprocess have grown by thediffer-ence between p andft4:

P5P4=+a4+a3+a,(3a+al)
This expressiontells us that betweenthe fourth and 111th dai(or any two days)goods in processdecline byan amount propor.tionate to3. times thenumber of unitsput into process on thefirst day of thesequence of five. Theseare the units that were putinto work earliestand in oursetup have3. days' processingat theend of the fourthday. At theend of the fifthday all the unitshave moved intothe finishedgoods categoryand disappearedfrom goods inprocess. On the otherhand, goods inprocess grow
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by an amount proportionate to the sum of the number of units
of goods put into process on the second, third, and fourth days
plus half the number put into process on the fifth day. That is, the
batches put into process on the second, third, and fourth days have
each been given one more day's processing and the goods put into
process on the fifth day have, on the average, been given one-half
day's processing. The difference between the goods in process at
the end of any two days is, of couise, simply the difference be-
tween the amounts by which goods in process grow and decline in
the course of one day.

The fourth equation may be rewritten in more convenient
form:

5-4a4+a3+a2-3aI.+aa,
As long as input increases at an accelerating rate, goods in proc-

ess also will continue to increase at an accelerating rate. Consider
the growth of goods in pmcs on any two successive days during
a period when input has been growing at an increasing rate. Let
us call these two days, Day 5 and Day 6. The growth of goods in
process during these two days may be expressed as:

Day : - a = a4 -I- a3 + a2 - 3üi +
a, - a,

2

Day 6: P6-5 = a, + aa + a3 3a2 +a a2

The rate of growth of goods in process is increasing if the dif-
ference between these two expressions,e + a - 25, IS positiVe.
If the rate of growth of input is increasing this must be so. First,
the sum (in equation 7) of a + aa + a3 must, in that case, exceed
3a2 by more than the sum (in equation 6) of a ± a, + a, exceeds

The difference between the two is (a5 - a)3(a2 - al).
The difference between a5 and a is the sum of the following dif-
ferences: (a,a4) + (aaas) + (a3a2).Andaslongasin-
put grows at an increasing rate, each of these three differences is
larger than the difference, a2 - ai. Hence the sum of the three ex-
ceeds 3(az - ai). Under the same conditions, secondly, input on
Day 6 exceeds input on Day2 more than input on Day 5 exceeds
input on Day i.Thatis, (asa2) > (a5a1).Thismustbetrue
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since a6 exceeds as by more thana2 exceeds a,. Therefore (e
P5)> (p and, in general, the rate of investmentin goods in

process will increase as long as the rate of input isaccelerating,'
Since this is true, cyclical turns in the rate ofinvestment ingoods

in process cannot lead turns in therate of increase in input.In-
deed, unless the rate of increase in inputfalls sufficiently rapidly
after it reaches a peak, investment ingoods in process willcontinue
to rise for some time longer. Thismay be seen if we supp that
the rate of increase in input reachesa peak on Day 6. Nowcom-
pare the growth of goods in process during Day 6and Day7. The
equations are written in themanner of equation4.

aiDay: P6+a6+as+a4-2
7a3

2
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The rate of investment ingoods in process will be risingif the
difference between equations 8and is positive.
to) P7+Ps-2ps=

aT ab
+ (an - as) + (a5- a4) + (a4 a:)

If input has been growingat an increasing rate through Day 6,
as we assume, this expression is likelyto be positive. For in that
event, each of the three differences(a6 - as), (as a4), and
(ai - aT), is larger thanthe differencea3 - aT. Hence the sum of
the three larger differencesis likely to be larger (itis not necessarily
larger) than threeand one-half times thesmaller difference
a, - a2. In addition, the increaseof investment in goods inproce
between the two days isbolstered by half the differenceof input onDays 6 and7, which will be positive, except inthe unusual case in
which input beginsto fall immediately after ithas reached a peakin its rate ofgrowth. Equationto makes it clear also that the le
rapid the rate ofacceleration of input beforethe peak in the rateof growth and themore rapid the decelerationafter the peak, the
Since investment ingoods in process tendsto lag behind the peaks andtroughs of the rate ofgrowth of input (see thefollowing text), this statementshould bear thequalifying clause: except in the immediate vicinity ofatrough in the rate of increasein input.
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shorter will be the lag of investment in goods in process behind the
rate of growth of input. On the other hand, the more rapid the
acceleration before the peak in the rate of growth and the slower
the deceleration after it, the longer will be the lag.

Example 5 illustrates these points. In Part A the rate of accel-
eration of input before the peak in its rate of growth is exactly
the same absolutely as the rate of deceleration after the peak. The
peak of growth of goods in process, which comes on Day 8, lags
two days behind the peak of growth of input, which comes on
Day 6. Part B shows the effect of an acceleration of the growth of
input before the peak in the rate of growth that is less rapid than
the rate " 'Ie'e1eration after the peak. Goods in process grow most
rardly on Day ,, this time only one day after the peak in the
griwth of input. Part C reverses these conditions; as a result, the
peak in the growth of goods in process lags three days behind the
peak in the grow h nf output.

The cyclical turns Li the rate of investment in goods in process,
therefore, tend to lag bthind those in the rate of growth of input,
and the length of the lag varies with the rate of acceleration of
input growth before its peak d the rts of dteleration after its
peak. Whatever the conditions, however, the lag oi investment by
any single manufacturing establishment cannot be longer than one
production period. We may be assured of this by compa.-ing the
factors on which the growth of goods in process depends as they
appear three and four days after the peak in the growth of input.
As will be remembered, I assume that the production period is four
days. If we assume that the peak of input growth was reached on
Day 6, we need to examine the growth of goods in process on Days
gand io.

ii) Day9:

12) Day 10: ios = aS + aS + a? - 3as +
2

Investment on Day io cannot exceed that on Day 9 unless one
of two conditions is met: either au + as + a must exceed 3ae by
more than as + a + as exceeds 3as or else aio - as must exceed
as - as. The first condition, however, will be satisfied onlyif



EXAMPLE 5

Rates of Increase in Input andin Goods in Process
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'Calculated by equation 2.
b Calculated fromcol. 4, or by equation9.

(a9a6) >3(a6.as).But(asa6) = (asas) + (asaT) +
(ay - a6). No one of thesedifferences can exceedas - a5 since in-
put had reached a maximumrate of growth between Days5 and 6
(by hypothesis). Henceas a, cannot exceed 3 (a - as). For the
same reason ajo - all cannot exceeda9 - as.

We may conclude, therefore,that investment in goods inproc
will not lag behindturns in the rate of increase in inputby more
than one production period.These resultsare easily transformed
into statements aboutthe relation between investmentin goods in
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proce and increases in the rate of production. Since the rate of
production lags behind the rate of input by one production period,
investment in goods in process wifi not lag behind the rate of in-
crease in output; it is likely to lead, but not by more than one pro-
duction period.2 Since the average production period in inanufac-
turing establishments is about three weeks, or perhaps a little longer
(Ch. 8), this period defines the maximum lead of investment in
goods in process relative to the rate of growth of production.

This conclusion is subject to two qualifications. First, it applies
strictly only to goods in process in continuous industries and to
goods 'within stages' in other industries. These categories of stocks
account for most, but not all, goods in process. Goods 'between
stages' in discontinuous industries may or may not act in the fashion
described above. When they do not, the effect is probably to cause
goods in process in the aggregate to respond to changes in activ-
ity somewhat more tardily than they otherwise would. Hence in-
vestment in goods in process as a whole is likely to lead the rate of
growth of production by less than investment in continuous indus-
tries does. It may even lag by a short interval. It seems best, there-
fore, to say merely that investment in goods in process and the
rate of growth of output turn at nearly the same time.

The second qualification is that the relation described above ap-
plies directly only to the connection between goods in process and
production in individual establishments. It will be strictly true for
manufacturing as a whole only if total output weighted by value
added in manufacturing turns at the same time as output weighted
by the value of goods in process. This is, no doubt, approximately
true, but is unlikely to be exactly true (Ch. 8).

2 Pattern of Investment

If the conclusions of the preceding section are valid, we may gauge
the cyclical timing of investment in goods in process from the be-

2These conclusions are independirnt of the rate at which goods in process
grow in value during the production period. The equations and examples in
the text make the simplifying assumption that the growth in value is i per
unit of input per day. As may be seen from the symmetry of the expressions
compared in the argument above, however, any figure may be substituted,
and may differ from day to day during the production period without affect-
ing the conclusions.

j
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havior of the rates of change in manufacturingproduction Studied
in Chapter 15, Section. On this basis we may concludethat the
rate of liquidation of goods in process increases during thefirst part
of business contractions. The maximum rate ofliquidationOCCU,
near the middle of contractions, sometimes earlier,sometimes later,
but usually well before the end of the phase.

For expansions there is no simple rule. Therates of change in
output suggest that investment in goods inprocess is usually highat
the beginning of expansions. Thereafter therate of growth ofout-
put falls. In some cycles the decline continuesto the end of the
phase; in others there isa renewed spurt. In someexpansions,
therefore, investment in goods inprocess reaches its maximum long
before the peak in business and fallstoward the end of thephase.
In others, after a period of decline,investment turnsup again and
rises until very near the peak ofbusiness.3

From these inferences about the timingof investment in goodsin
process, we may judge its influenceon business cycles. In the early
stages of expansion and contraction,investment in goods inprocess
intensifies the cyclicalmovement. But later in contractions itmoves
against the cyclical tide and thedeclining rate of liquidationhelps
revive output and income. Insome expansions the secondpart of
the phase is characterized bya lower rate of accumulation which
helps bring on recession. Inother expansions, however,investmentin goods inprocess revives in the second half ofthe phase and thus
helps sustain the expansionuntil near the peak inbusiness.

'I say 'very near' becausethe cycle stage usedabove in measuring the rateof change in output doesnot pennit one to determinetiming precisely in theimmediate neighborh of the business cyclereference dates.


