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The concept of Work-
ing Capital Require-
ment provides a con-
venient accounting
measure of the amount
of capital & firm has
tied up in its operating
cycle, and may prove to
be a better measure ol a
firm's investment in its
operating cycle than
the traditional concept
of Net Warking Capital.
After examining 4
sample of 1,181 firms
from thirty-six indus-
tries over a period of
nineteen years, the an-
thors conclude that
there is indeed a sig-
nificant and persistent
industry effect on a
firm’s investment in
working capital. Their
results are also consis-
tent with the notion
that firms adhere to
definite industry
benchmarks when set-
ting their working cap-
ital investment poli-
cies. Ed.

Industry

Influence on Corporate

Working Capital Decisions
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Ashok Vora

Most nonfinancial firms have a substantial
amount of cash tied up in their operating
cycle in the form of net investment in work-
ing capital. Here we describe a measure of
firms’ investment in working capital which
we call Working Capital Requirement. We
have formulated a simple proposition re-
garding investment in short-lived assets:
within an industry the ratios of firms' Work-
ing Capital Requirement to Sales should be
similar, but they should differ among indus-
tries. Over the period we examined, firms in
the “Computing Equipment” industry have
made, on average, a net investment of up to
thirty-six cents in their operating cycle in
order to generate a dollar of sales. In some
other industries, such as “Air Transporta-
tion” and “Telephone,” firms, on average,
made little or no net investment in their
operating cycle in order to generate sales.

What Is a Firm’s Investment in
Working Capital?

A firm’s investment in working capital has
been traditionally measured by the differ-
ence between its current assets and its
current liabilities and referred to as Net
Working Capital (NWC). Current assets are
essentially made up of cash and short-term
marketable securities {C}, accounts receiv-
able {AR), and inventories (INV). Current
liabilities are short-term borrowings (STB),
accounts payvable (AP), and short-term net
accruals (NA). Hence we can write:?

NWC = [C + AR + INV] — [STB + AP+ NA]J

(1)

The grouping of these short-term items to
provide a measure of a firm’s investment in

INSEAD
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working capital is usually justified by the
fact that they are all closely related to the
firm's operating cycle, that is, the process of
procurement, production, and sales. But this
traditional concept of working capital can be
criticized on the grounds that some of the
components of NWC are not closely related
to the firm's operating cycle and should not,
therefore, be considered a part of the firm's
investment in working capital.

Specifically, items such as cash and mar-
ketable securities (C), as well as overdrafts
and notes payable to banks (STB), should
be viewed as decision variables which are
purely financial in nature and, as such, not
directly related to a firm's investment in its
current operations. For example, an increase
in long-term borrewing to finance capital in-
vestment may temporarily raise the firm’s
cash position and artificially inflate its NWC.

If we rearrange equation (1) in the follow-
ing manner:

NWC = [[AR + INV) — [AP + NA)]

+ [C - STB], (2)
then the four items within the first set of
brackets are directly related to the firm's
operating cycle, whereas the two items
within the second set of brackets are essen-
tially the outcome of purely financial deci-
sions.

We define the difference between the sum
of accountis receivable and inventories
(AR + INV) and the sum of accounts payable
and net accruals (AP + NA] as the firm’s
Working Capital Reguirement, or WCR,
while the difference between cash and mar-
ketable securities — the two itemns related to
the firm’s financial decisions — is referred to
as the Net Liquid Balance, or NLB.

Far the reascns given above, we believe
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that a firm’s Working Capital Requirement is
4 better measure of a firm's investment in its
operating cycle than the traditional concept
of Net Working Capital. Working Capital
Requirement provides a convenient account-
ing measure of the amount of capital a firm
has tied up in its operating cycle. The rela-
tionship between the two measures of work-
ing capital follows directly from equation (2)
which can now be written as:

NWC = WCR + NLB (3.1}
or

WUR = NWC — NLB. (3.2)
Working Capital Requirement is thus the dif-
ference between the traditional Net Working
Capital and what we call Nel Liguid Balance.
A firm’s Net Working Capital will equal its
Working Capital Requirement only if the
firm’s Net Liquid Balance is zero, that is, if
its cash holdings equal its short-term bor-
rowing.

How to Determine Working Capital
Requirement

A firm's Working Capital Requirernent is de-
termined by the level of the four components
that define it: accounts receivable, inven-
tories, accounts payable, and net accruals. In
turn, the level of each of these components is
a function of some basic variables. These are
the firm's technology, the degree of ef-
ficiency with which the firm manages its
operating cycle, and the firm's Ievel of sales;
that is, three basic variables determine the
atnount of Working Capital Requirement.
By the firm’s technology we mean the na-
ture of the product it sells and the process it
empioys to manufacture and deliver its out-
put. Typically, a manufacturer of industrial
equipment would need a higher WCR to sus-
tain the same level of sales as a chain of
grocery stores. This is simply due to the na-
ture of each firm’s operating cycle. To
achieve a level of sales equal to that of the
manufacturer of industrial equipment, the

chain of grocery stores will carry a relatively
[ower level of inventories and will probably
hold a smaller amoun! of accounts receiv-
able, since its business is mostly conducted
on a cash basis. For certain companies, WCR
may even be negative. In this case, the firm’s
operating cycle becomes a permanent source
of financing rather than a use of funds. Such
firms will be encountered mostly in the retail
and service sectors of the economy. They
will usually carry small inventories and col-
lect the proceeds of their sales before they
pay their suppliers for products of small
added value.

Despite the constraints imposed by a firm’s
operating cycle on its investment in working
capital, different levels of WCR are still pos-
sible for firms with similar technologies and
equal level of sales. This can oceur as a result
of differences among firms in their degree of
managerial efficiency. For example, an in-
crease in the efficiency with which a firm
manages its operating cvcle can, to some ex-
tent, reduce that firm's investment in work-
ing capital as a result of, say, tighter control
over inventories and receivables,

Finally, given technology and managerial
efficiency, the level of sales is the major de-
terminant of a firm’s Working Capital Re-
quirement. In sectors where WCR is positive,
increased sales will call for additional in-
vestment in working capilal, assuming that
technology and the degree of managerial
efficiency remain the same. If the efficiency
with which the components of WCR are
managed is measured by their ratio to sales, a
proportionate change in sales will call for an
equal proportionate change in WCR in the
same direction.?

Typically, firms within an industry have
similar degrees of managerial efficiency and
similar technologies. This is justified as fol-
lows. In reasonably competitive markets, we
should not expect to observe wide differ-
ences in the degree of managerial efficiency
among firms within an industry. Consider,
for example, accounts receivable. A firm may
not be able to significantly reduce its in-
vestment in receivables by, say, imposing
stricter terms of trade to its customers. These
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Description of the Sample of Tndustry Groups®

Table 1
Industry
Reference
Number Industry Name
i Nonferrous Moetals
2 (il & Natural Cas
3 Food
4 Beverages
5 Textile
] Apparel Products
7 Wood Products & Buoildings
Paper
Publishing
10 Chemicals
i1 rugs
12 Soaps & Perfumes
13 Rubber Products
14 Plastic Products
15 Steel Works
16 Refining: Nonferrous Metals
17 Ilardware
18 Machinery & Equipment
19 Computing Equipment
20 Electronic Components
21 Motor Vehicles
22 Aircraft
23 Measurement Instruments
24 Trucking
25 Air Transportation
26 Telephone
27 Electric Services
28 Natural Gas: Distribution
29 Gas Services
30 Wholesale: Durables
31 Wholesale: Nondurables
32 Department Slores
33 Grocery Slores
34 Retail: Nongrocery Stores
33 Service®
36 Conglomerates
Total

SIC Codes

1000102310311 041
T3111381/1382/2911

2000

2082/2085/2086

22002270

2300

24002450

2600426492650

2711272102731

2500/2810/2820

2830

2541/2544

3600

3079

3310

3330/3341/3350
3429/3430/3449/3452/3480/3494/149%
3510/3520/353 1/3533/3536/3540/3540/3558/3560
3537013573

38R 1/3652M66 13662367 NART 3659
A711/13713/3714/3716

37203721/3728
3811/36820/3823/3825/3830/3841/3843
4210

4511

4811

4911

4492314924/4926/4927/4928

4931/4932
5012/5030/5040/606(0/50635064/5065/5070/5080/5093/5099
512045140/5199

5311/5331

3411

5912/5944/5948/596 1/5962/598MH5999
7311/7349/7370/7391/7392/73493/7 3u4/7 390
aa7

Number of
Firns within
Indusiry

30
73
18
22
31
a3
17
36
17
26
20
21
1h
16
36
21
56
a7
22
79
41
149
36
17
23
15
64
42
51
an
21
35
31
o
23
17

1,181

*Spurce. Lompustal Industrial Tape

*Advertising. vleaning. data processing. R&D. management consnlting. leasing. ete.
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may simply switch to the competition.
Hence, “optimal” industry norms will de-
velop to which most firms are expected to
adhere. Also, it is reasonable to assume that
technology is the same among firms within
an industry but different across industries.
This is consistent with the standard assump-
tion in the financial literature of constant
business or operating risk within an indus-
fry.
If the degree of managerial efficiency and
technology is assumed to be the same for all
the firms making up an industry, then the
ratios of Working Capital Requirement to
Sales of firms belonging to the same industry
should not difffer significantly and their
average should constitute that industry’s
benchmark WCR-to-Sales ratio. The indus-
tries’ mean WCR-to-Sales ratios should,
however, be significantly different from one
another,

WCR-to-Sales Ratios

To check whether firms within industries
have similar Working Capital Requirement-
to-Sales ratios while firms across industries
have significantly different ones, we studied
the behavior of this ratio over the period
1960 to 1979 for 1,181 U.S. firms grouped
into thirty-six industries using alternative
statistical techniques.

Data were taken from the Compustat In-
dustrial Tape. Industries’ reference num-
bers, names, corresponding SIC codes, and
the number of firms in each industry are
given in Table 1. In order to form our thirty-
six industry groups we proceeded as follows.
We first eliminated all companies that had
less than fifteen consecutive years of data
available on the tape and then grouped the
remaining companies according to their
four-digit SIC codes. All industry groups
containing fewer than fifteen companies
were eliminated from the sample. All firms
belonging to the financial sector of the econ-
omy were also eliminated. We were left with
thirty-six industry groups which contained a
tolal of 1,181 companies. The largest indus-

Working Capital Decisions

try group has eighty-seven companies and
the smallest has fifteen companies.

In measuring the WCR-to-Sales ratio we
noted that this ratio has a stock variable in its
numerator, WCR, and a flow variable in its
denominator, Sales. Since the relevant data on
the Compustat tape are annual data, we took
the arithmetic average of WCR at the begin-
ning and at the end of the year to compute
that year’s WCR-to-Sales ratin.? This ratio was
computed for each of the 1,181 companies in
the sample and for every one of the nineteen
years from 1960 to 1979.

Table 2 shows the value of the industry
medan ratio for three of the nineteen years: the
first (1961), the middle (1970], and the last
year {1979). The value of the industry mean
ratio varies from a low of —.0301 {Air Trans-
portation) to a high of .3592 (Computing
Equipment); that is, in 1979, firms belonging
in the Air Transportation industry managed,
on average, 1o use their operating cycle as a
source of funds rather than a use of funds
(WCR is negative). At the other extreme are
firms belonging in the Computing Equip-
ment industry. In 1970 they had, on average,
invested close to thirty-six cents in their
operating cycle for every dollar of sales they
made.

To check for an industry effect we com-
puted the ratio of the variability of the
WCR-to-Sales ratio across industries to its
variability within industries for each of the
nineteen years. For an industry effect to be
statistically significant {that is, not due to
pure chance], this ratio should be larger than
1.43.% In none of the nineteen years did we
find a ratio lower than this value. Its mini-
mum value is 5.40 (1961) and its maximum
value is 24.46 (1971). We conclude from
these resuits that there exists a significant
industry effect on firms’ investment in work-
ing capital.

However, the preceding analysis has a
major drawback, It does not identify the par-
ticular industries with mean WCR-to-Sales
ratios that differ significantly from the other
industries in the sample. Thus, we under-
took an analysis of the 630 possible pairs of
industries which can be formed using the 36
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Ashok Yora 18 ¥TORe Table 2 Means of Working Capital Requirements-to-Sales Ratios? for Thirty-six Industries over
sor of Finance and
. Three Years

Economics at Baruch

College, City Univer- Industry Year

sity of New Yark. . Reference

Yora holds fhe EB.Sc. Numher® 1961 1970 1879

degree from the Uni-

versity of Bombay, the 1 1839 1854 2342

M.B A, degree from the 0713 927

Indian Institute of 2 A 1 0661

Management, and the 3 13040 .1459 1363

Ph,D}.ldegree from 4 .3047 2512 677

Northwestern Univer-

. . F 2937 .

sity. He is the author of ? 2794 2813

numerous articles that 6 2637 2704 -2813

have appeared in such 7 .2000 .2069 2372

journals as Journal of s 1609 1879

. . 12849

Futures Markets, Jour- ]

nal of Portfolio Man- -1987 2405 1633

agement, Review of 10 .1886 .2455 1749

B‘usmess, and Finan- 11 1802 2452 2438

clal Management.
12 1134 2284 2278
13 2624 L2935 2283
14 1961 2281 .2022
15 L2032 2372 L1508
16 3oa2 2954 2179
17 2418 2654 L2040
18 3151 .3347 L2516
19 .2432 .3592 .2482
20 2275 .ab0a L2464
21. 2027 2157 1608
22 L1630 2777 AB17
23 L2027 2147 1608
24 0463 0319 0237
25 0103 0135 —.0301
26 0055 0168 —.0215
27 0534 D426 .0536
28 1176 0714 0449
29 D426 0472 il
a0 1960 L2669 2097
31 .2250 1471 1030
3z 1902 .1343 1275
33 .0493 0445 0245
34 1854 1338 1051
15 1433 .1518 1134
36 2344 .2196 1451

“Working Capita] Reguirement is dafined as the sum of aceounts tacsivable and inventeries minus the suin of aucounts payable and short-term net

accrials
"Spe Table 1.
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Figure 1 Pairwise Analysis of the Industries’ Means of Working-Capital-Requirement to Sales Ratios

i 2 3 4 5 6 7 8& 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 18 249 30 31 32 33 34 35 36

Nonferrous Metals 1

Gil 2%

Foud 3

Beverages 4 *

Textiles 5% [+ |+

Apparel Gk [ |*

Wood 7 * |+

Maper 8 * E R ES

PuhlishingPrinting 49 *

Chemicals 14 ¥ |+ % |+ *

[hrugs 11 * | * 1 1=

Soap 12 * |% * | * *

Rubhber 13 L # * * 1]

Plastics bE ] LR *

Steel Works 15 * * [*

Refining IGIESERE: # | # %= * # | =

Hardware 17 * |% * #

Machinery 18 | # |* LB EAE NN RE: * L %

Computing Equipment 19{% | % )% B ¥ * * %

Radia TV 200* [% 1% * [ * * # P #®

Aty 21 Ll . * |* * B * | %

Aircrall 220 [ [+ | * 1 *

Measuring Instroment 23|+ [+ |+ # & [ |% [# |+ * |k * # |k

Trucking 24| * LR LA AR E A A R E R R E A R AR E R E R R E R E R E

Atr Transportation 200 | # da & | | [ Dk [ | [ |k Pk | [ | | |3 | [ [% (% |#

‘Telephone 2hik [ |w gk |k |k |k Pk [k | |k k| k |k [k |k ik [k |k [k [& [k %

Electrival Services 271 = bk ok [ [ | [ [H [ Fa |k fok [ | |k | PR [# |F [% |* ®| |

Cias Distribution 28| * d |l [ [k |k | |k Ik e [k |k [k |k [k ok |k Lk P& k| %k * |

Cas Services 290 * EER LA E R E R E R E R R E N E N E A E A E R E R E R E R E R

Durable Wholesala 30 * | * * * * |k (% | % | = | * {*
Nundurable Wholesale 31 ¥ |* e i [ b foe b [ | | | [ [ [ [ [ [
Department Stores 3z * I L A P g [ Db [ Lk L e Lk L D D [® Dk (kL | [k
Grocery Retail 331 A ENEAE R ERERERERERERE LA ENEREN ENERENE ST * [k | *
Nungrocery Retail 31 * | % % % |% | % IR ERERERES LR ERERE R E R R E AL *
Services 33 * * | % L * % & |+ | * LRERERERER ENE *
Congloimerates 16 *® * |# * # g o | = % | % & |+ | % | % "

sAn asterisk indicates that the industry pair has significantly ditferent mean ratios for at least
ten oul of nincteen vears af the 5 prreent leve! of significance usiog an Foralio lost. See

K.\ Smith. Guide to Working Capital Munagement |New York: McCGraw-Hill, 1979).
“Industry reference number, See able 1.
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industries in our sample, The results are
given in Figure 1. Each cell in the matrix
refers to an industry pair. An asterisk in a cell
indicates that the two industries making up
the corresponding industry pair had mean
WCR-to-Sales ratios that were significantly
different in at least ten out of the nineteen
years of available data,5 Out of the 630 possi-
ble industry pairs 378, or 60 percent of the
lotal, had mean ratios that differed. That is,
60 percent of all possible industry pairs had
working capital investment policies that
were different for at least ten years hetween
1960 and 1979. This percentage varies from a
maximum of 85 percent for industry pairs
that had different mean ratios in at least one
year, toc a minimum of 22 percent for those
industry pairs that had different ratios in all
nineteen years of available data. These statis-
tical results show, again, that there is a sig-
nificant industry effect on firms’ investment
in working capital. They are also consistent
with the notion that there are industry
benchmarks to which firms adhers when set-
ting their working capital investment poli-
cies.

The preceding two analyses have two
common shortcomings. First, they are per-
formed for a given year and hence say noth-
ing about the behavior of the structurc of
interindustry differences in investment in
working capital over time. Second, the pair-
wise test does not tell us if there are distinct
clusters such that industries within these
clusters are all similar but with significant
differences still existing between these clus-
ters at @ moment in time (cross-sectional
comparison) and over time (time-series
comparison). The third test is designed to
capture the relative strength of the intertem-
poral behavior of interindustry differences in
firms® investment in working capital.

The method we designed is an adaptation
of conventional cluster analysis.® For each of
the 630 industry pairs in the sample we
define an Intertemporal Similarity Index,
(ISI):

ISI, = N9 (4)

where s = 1, ..., 630 identify the industry

pair and N is the number of years between
zero and nineteen for which two paired in-
dustries have mean WCR-to-Sales ratios
which are significantly similar to each other.
If the IS] is zero then the two industries had
significantly different mean ratios over each
one of the nineteen years covered by our
sample. If the ISI equals one then the two
industries had, statistically, the same mean
ratios over each one of the nineteen years.
An ISI between zero and one indicates some
similarity between mean ratios of the two
paired industries with the strength in simi-
larity rising as the ISI approaches one.
Hence, the ISI captures the degree of similar-
ity between the mean of the WCR-to-Sales
ratios of two industries over time,

Omnce ISI is computed, conventional clus-
ter analysis can be performed. Through an
iterative process, a search is made to find the
first two industries in our sample that are
temporally most similar — that is, with the
ISI closest to one. Once detected, these two
industries are merged together to form a
single group or cluster. Since we started
with thirty-six industries we are now left
with thirty-five clusters: thirty-four single-
industry clusters and one cluster made up of
the two industries that merged first. The pro-
cedure is repeated and a search is made to
find two of the remaining thirty-five clusters
that are now most similar.? The process is
carried out until all thirty-six indusiries
merge into a single cluster. An examination
of the resulting pattern of merging industries
and the value of the 1Sl at which merging
oceurs will shed more light on the structure
of the sample than either one of the two tests
discussed earlier.

Figure 2 summarizes the intertemporal
cluster analysis with the help of what is
called a dendrogram. This diagram shows
the structure of industry aggregation as the
Interfemporal Similarity Index (ISI) goes from
one to zero. For example, when the IS] is at
the level of one, industries 27 (Electric Ser-
vices) and 29 {Gas Services) have already
clustered. This means that these two indus-
try groups do.not have mean WCR-to-Sales
ratios that differ significantly in any one of
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Figure 2 Intertemparal Chister Analysis”
26 Telephone 111
25 AirTranspotiation — 10
2 Oil o
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29 Gas Services —:—J

27 Electrical Services :

33 {rocery Retail < 8
24 ‘Tnucking ' 7
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19 Computing Equipment 2—_
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16 Refining

5 Textiles

20 Radic/TV |

13 Rubbor ‘g
¥ Paper -
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12 Soap "

17  Hardware i 2
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*This diagram is called a dendrogram, 1t sbimws how industey groups cluster when the degeee af similacity [imeasured as the
Interlempaoral Similarity [ndex) between the meany of the WCR-1o-Sules rutios of two induslries. or groups of industries.,
invreasas. For sxample, when 18T = 84, industry groups form eleven clusters,

Number of clusters at an I85[ of 84,
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the nineteen years covered by the sampie.®
Essentially, the Gas Services industry and
the Electric Services indusiry have similar
warking capital investment policies as re-
flected by their mean WCR-to-Sales ratio.
When the ISI reaches the level of .84
(meaning that out of nineteen years, the clus-
ters contain industries that have similar
mean WCR-to-Sales ratios in sixteen years
and different mean ratios in three years) we
have eleven clusters as indicated in Figure 2
by the vertical line at ISI = .84. Note that
the industries that cluster first tend to be
those which belong in the same two-digit
code. From a statistical point of view, an IS]
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industries to its variabilily within industries, in the case
of a sample size of 1,181 campanies grouped into 36
distinct industries at the 5 percent level of significance.
Hence, whenever a computed F-ratio exceeds 1.43 we
have a statistically significant industry cffect in that
vear.

3
Statistical significance is determined by an F-ratio test
described in Smith (1979).

6

For a clear exposition of clustering analysis, see, for
example, D.B. Panton, V.P. Lessig, and O.M. ]y,
“Camovement of International Equity Markets: A
Taxonomic Approach,” Journal of Financial ond
Quantitative Analysis, September 1976, pp. 415432,

7

The 181 of a cluster is calculated as the arithmetic
average of the ISTs of the industries making up that
cluster.

B
Statistical significance is determined by an F-ratio test
described in Smith {1979).
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The statistical significance of the overall dendrogram is
tested as follows. The probability of concluding that
over a given year two industries have different mean
ratios of WCR to Sales when they actually have the same
mean is 5 percent (Type | error) at the lave! of
significance we have chosen earlier. Also, the
probability of concluding that they have different ratios
when it is indeed the case is 95 percent (comrect
decision). Since we have 19 years of data and 19 F-ratios
[sce Smith [1979)] for each industry pair, the prubability
of having similar mean ratius for “x" years (out of 19) is
given by a bingmial distribution with N =19.4 = .05
and p = .94. Referring toa binomial distribution table
we find that there is a 6.7 percent chance that we reject
an observation of 16 or less F-ratios indicating similarity

even though it is carrect. Recall that when an industry
pair has similar mean ratios for 16 out of 19 years then
its 181 pquals .84. Hence .84 is our critical value for the
Intertemporal Similarity Index. In other words, we can
state that there is a 6.7 percent chance that we are wrong
when we claim that the sample data can be viewed as
made up of 11 distinct clusters.

10

We also performed the same tests with working capital
defined as Net Working Capital rather than Working
Capital Requirement. In most cases we found no
significant differences in the results of the tests. This is
because, far most industries, Net Liquid Balance is close
to zero, thus making Net Working Capital and Working
Capital Requirement practically equal to each other.



