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I. GENERAL ANALYTIC APPROACH

A. Introduction

The financial responsibility regulations under RCRA reproposed on
May 19, 1980 included a financial test as an option for demonstrating a
firm's capability to meet the costs of its facility‘closure and post-
closure obligations. The proposed financial test for closure and post-
closure care included elements designed to verify the current ability of
a firm to pay such costs (net working capital equal to or greater than
twice the estimated closure and/or post-closure costs: a minimum of $10
million in net worth), and a financial ratio designed to indicate the
overall viability of a firm (a total liabilities to net worth ratio of
less than 3 to 1). . The financial test provision prompted many public
comments. Several commenters expfessed general reservations about the
validity of the finéncial ratio use& as an indicator of viability, or
questioned the net working capital or net worth requirements, and
suggested that an evaluation of financial test performance should be
carried out to determine the effectiveﬁess of financial tests, The
Agency agreed with this proposal, and conducted a rigorous and compre-
hensive evaluation of over 300 alternative financial tests.

This Appendix describes the methodology emploved in performing this
evaluation and summarizes the results of the analysis which provide a
set of “best” candidate tests, The results of special analyses,
performed to determine the comparative effectiveness of one-year versus

three-year eligibility requirements, and the need for specialized,

i
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industry-specific ratio tests, are also summarized in this Aprendix.
The tbestt candidate tests were further evaluated against a set of
algorithms désigned to estimate the total direct public and private
costs that would result from their implementation. The results of the
cost calculations performéd, and their implications for the final selec-
tion of a financial test, are discussed in Appendix B of this.Background
Document.

B. Possible Elements of Financial Tests

The ideal financial test would pass all firms capable of meeting
their closupe and post-closure obligations while failing a;l firms that
would enter bankruptey and not .be able to meet those obligations.
Unfortunately, no method of financial forecasting -is capable of
achieving this ideal. It is therefore useful to examine a range of
possible financial tests., Some of these tests have the advantage of
eliminating almost all firms that would be unable .to meet their closure
and post-closure oblizations, but at the same time they also eliminate a
large number-of firms that could meet those obligations: other tests
have the advantage of passing a much higher percentage of the firms that
could meet those obligations but they eliminate fewer firms that could
not meet their obligatioms. |

A firm may be unable to .meet its closure and post-closure
obligations for a variety of reasouns. In addition to the ordinary
business misfortunes which may lead a firm into bankruptcy, a firmm
" owning a hazardous waste.treatment, storage or disposal facility (TSDF)

might fail to meet those specific obligations as a result of unique
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events. For example, a firm that might otherwise not have entered
bankruptcy may be forced into bankruptcy if_ its permit is suddenly
withdrawn and it suddenly has to put up the necessary funds for closure
and post-clogsure. A firm also might enter bankruptcy unexpectedly as a
result of large cleanup or repairrexpenditures unique to a hazardous
waste TSDF or of a large liability judgment,

This Appendix analyzes the performance of different possible finan-
cial tests, with respect to the percentage of firms which pass the tests
and could meet their financial obligations, and thé percentage of firms
that could not meet their obligations but still pass a given test. The
question of what test is to be preferred must then be determined by the
relative costs associated with the different tests.

Three types of elements which might be used as criteria gg/f{nan-
cial tests are considered in this Appendix:

(1) Figancial rat;os: These are ratios of the financial variables
found in the income statements or balance sheets of firms.

(2) Multiples: 1In this text, these are measures of unencumbered
assets and/or liquidity as multiples of the specific financial obliga-
tion considered (closure and post-closure).

(3) Net worth: This is a requirement, independent of the multiple
requirement described ébove, that a firm must have net worth above a
specified level.

Each‘of these possible elements of financial tests has avnotential
role in limiting the number of firms that will fail to meet their finan-

clal obligations. By requiring firms to meet specific requirements with
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respect to their financial ratiﬁs-in order to pass a financial test, it
is possible to limit the percentage of firms which pass the financial
test but which ultimately enter bankruptey. Multiples servé to ensure
that the financial obligation itself does no* have so great an effect on
the firm that it is a cause for bankruptcyil Without multiples as a part
of the test, a small firm with excellent financial ratios might still be
unable to meet its closure and post-closure obligations because of the
large size of their obligations relative to the size of the £firm
itself. A minimum net worth requirement serves two purposes: (1) it
has been found that the larger the firm the less likely it is to fail,
and (2) significant size enables the firm to withstand unusual
contingencies associated with the ownership of hazardous waste TSDFs.
Financial ratios and minimum net worth requirements both can help to
ensure that the failure rate of the firms which will pass the financial
test is lower than the average failure rate for all firms. The multiple
element of the test and the minimum net worth requirement help to ensure
that the failure rate of the firms considered is not higher than that
for firms in all industries, due to the unusual size of Chese special
financial obligations relative to'the'size of the firm or due to contin-
gencies associated with the ownership of hazardous waste TSDFs.

C. Overview of the Methodology

This Section, and Figure I-l1, provide an overview of this Appendix
by outlining the major steps of the methodology emploved. Detailed
discussions of the topics outlined in this section are then presented in

the following sections of this Appendix. Figure I-1 illustrates in

I-4



Share of
All Firms
Which Fail
(F)
>
Effect of
Multiples
Average Baseline
Failure Faflure
Rate for Rate
All Firms (F)
Effect of
Net Worth
Requirement
Share of
All Firms
Not Failing
(1-F)

Percentage

of Bankrupt

Sample That
Pass Test

FoxMy (1, = Mis-
: classified
bankrupt Bankrupt
firms) Firm
Sample
Ratios Evalz;tion
F x Employed Individual
" x 10,000 = E, Tests ~—— in Tests patve dua
(l I-‘)AN + (Fx M ) Ratios
B and Cut- Apalnst
(Firms which do go of f Points S:m les
bankrupt as a P
share of all firms
passing test)
Non-
Bankrupt
Firm
Percentage “///,/////’ Sample
of Non-Bank-
_ rupt Sample
(-F)Ag, — That Pass
Test
()
FIGURE I-1

APPENDIX A METHODOLOGY

Previous
Studies
Possible Ratings
Ratius =TT Service
comments



particular the steps which were used to derive the effectiveness measure
(EP) of any given test, that is, the most probable estimate of the
number of firms per 10,000 which pass a given financial test but later
fail without providing alternative financial assurance. v

1. Determination of Baseline Failure Rate

In order to compare the effectiveness of various tests; with
respect to the relative costs associated with these tests, it is neces-
sary to determine the failure rates of the set of firms which may use a
financial test as evidence of financial responsibility. The baseline
failure rate (F) is derived by first determining the average failure
rate for all firms based on the historical data, and then by adjusting

"this rate to account for the effect of a net worth requirement on the
average failure raté for firms which may be eligible for a financial
test. In addition to determining the failure rate of firms, a financial
test includes a multiple requirement to provide assurance that at the
time a firm ceases to pass the test it will continue to possess assets
sufficient so that 1t 1is able to pay for closure and post-closure
costs., Otherwise, it is possible that the attempt to pay these costs
will be sufficient to force the firm into bankruptcy before these
closure and vpost-closure costs have been fully vpaid. In the
nomenclature adopted in this Appendix, the fraction of all firms consid-
ered which will go bankrupt is designated as F: the fraction of all

firms considered which will not go bankrupt is equal to l-F.



2. Selection of Financial Ratios

The financial ratios to be evaluated as candidate ratios for the
financial test were selécted from three sources: (1) comments received
on the May 19, 1980 regulation; (2) surveys of opinions of bond rating
services and credit analysts; and (3) existing literature on bankruptcy
forecasting. The 1list of ratios assembled was extensive and varied
widely in content and estimated effectiveness.

An initial set of financial ratios was chosen for further evalu-
ation because they satisfied three basic conditions: (1) they produced
significant predictive results in the prior literature; (2) they were
frequently identified by bond rating services and credit analysts as key
parameters: and (3)<chéir values were readily available from corporate
balance sheet data.

3. Samnle Selection

In order to determine the effect of financial ratio tests, the
Agency gathered samples of non-bankrupt and bankrupt firms. Non-
bankrupt firms, also referred to as viable firms, are firms that did not
enter bankruptcy within three years of the time period for yhich data
were gathered, For bankrupt firms, financial data were gathered for
three years prior to the time the firm entered bankruptcy. The sample
of bankrupt firms was gathered ffom a variety of sources. The sample of
non-bankrupt firms was gathered using the Industry Index of Moody's

Industrial Manual to determine members of industrial categories that

generate, treat, store, or dispose of hazardous waste on-site.



4, Evaluation of Financial Ratios

These ratios were first tested individually against the primary
bankrupt and non-bankrupt firm samples, using a variety of pass-fail
cutoff points for each ratio derived from the bankruptey forecasting
literature, A second set of financial ratios was then selected and
tested agginst a sample of bankrupt and non-bankrupt firms which were
consistently misclassified by the original ratios, to determine if there
were additional financial ratios which would improve the predictive
ability of a test.

5. Design of Financial Tests

The most promising ratios were combined to f&rm 151 alternate
multi-ratio tests. The ratios were combined in three ways: (1) two-
ratio tests (firms must pass both elements of the test to pass): (2)
three-ratio tests (firms must p#ss all three elements of the test to
pass): and (3) three-ratio contingent tests (firms must pass two of
three conditions to pass). The tests were then retested against the
primary sample to derive for each test the percentage of bankrupt firms
of the sample that pass the test and are therefore misclassified by the
test (Mp) and the percentage of the non-bankrupt firms sampled which
pagss the test (Ayg).

6. Determining the Effectiveness Measure (Ep) for a Given Test

The effectiveness measure for any given test is calculated accord-
ing to a two-step process (see Figure I-1 above.) First, the fraction
of all firms which will go bankrupt (F) is multiplied by the percentage

of the bankrupt firm sample that is misclassified by a given test (Mp),
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that is, pass the test but later enter bankruptcy. This provides the
fraction of all firms considered that pass a particular test and later
go bankrupt (F x MP). Similarly, the share.of ali firms that will not
fail (1-F) is multiplied by the percentage of the non-bankrupt firm
sample which pass the test (ANB)' This provides the fraction of firms
that pass a given test and do not go bankrupt (1-F)Ayg.

Finally, the Agency uses F x MP and (l—F)ANB to calculate what
fraction of all firms that pass a given test are firms which will go
bank;upt (in Figure I-1 this operation.is represented by F x MP divided
by the total of all firms which pass the test ((1-F)Ayg + (F x MP))‘
This fraction is then multiplied by 10,000 to yield the number of firms
per 10;000 that pass a given financial test that will go bankrupt. This
number (EP) is the measure of effectiveness of a given test.

7. Use of Performance Curves to Select the Best Financial Test

As discussed above, a financial test has two basic performance
measures: (1) the percentage of non-bankrupt firms that can pass the
test (ANB): and (2) the numbgt of firms ﬁer 10,000 that pass the test
that will later enter bankruptcy without providing alternative financial
assurance (EP)' -The Agency developed performance curves consisting of
those tests which pass the maximum percentage of non~bankruot firms for
any given percéntage of firms that pass the test and later enter bank-
ruptcey. | The Agency used these curves in the analysis described in
Appendix B to evaluate the relative costs of alternative tests and to

determine a best single financial test,



8. Comparison to Other Tests

The resulting performance curves for the tests developed in this
study were then compared to the May 19, 1980 proposed financial tests
and the results of other bankruptey forecasting studies.

9. Industry-Specific Problems

Although a given financial test may serve duite well for most
industries, it is possible that unique characteristics of a specific
industry may cause a high percentage of the viable firms in that
industry to fail a given test. 1In order to determine the importance of
such problems, the Agency examined the financial characteristies of
firms in various manufacturihg industries likely to dispose of hazardous
waste, electric utilities, and hazardous waste management firms.

10. The Role of Bond Ratings in a Financial Test

Section VII of this Appendix discusses the use of bond ratings as
either a substitute for or a supplement to other elements of the finan-

cial tests considered elsewhere in this Appendix.

D. Comparison to Alternative Methodological Approaches

The methodology adopted by the Agency and outlined in Section I.C.
is not the only methodology that might be employed to derive a set of
financial tests. This Section considers three alternative approaches:
(1) the use of functions of financial ratios rather than cutoff points
for financial ratios: (2) the development of industry-specific financial
tests rather than single tests for all industries: and (3) the use of
population sampling instead of the sampling procedure employed in this

analysis.
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1. The Use of Functiouns of Financial Ratios.

The apﬁroach used by the Agency was to examine é series of finan-
- cial tests consisting of requirements that specific financial.ratios be
at certain.levels. An alternative app?oach would be to design financial
tests . that coﬁsisted of linear or nonlinear functions of a set of finan-
cial ratios (for example, a linear functién of financial ratios would be
a test that required that (a x R;) + (b x Ry) + (¢ x Ry) > d, where a,
b, ¢, and d are constants and R;, Ry, and Ry are ratios). Three methods
have been proposed in the literature for developinz fina?cial tests that
consist of functions of financial ratios.,

One approach is to rely on expert judgment to decide thch ratios
should be included and what values should be associated with them (see
Tamari, 1966). This approach has the disadvantage that there is no
statistical method of determining whether the ratings or the financial
ratios chosen have been approoriétely determined. |

A second approach that has been proposed is to develop a functional
model of the factors that lead to business failure and to usé this ﬁodel
to estimate the probabilities of business failure for any specific
firm. Though theoretically elegant, this approach has only been
attempted once in the literature reviewed for this study, and that
attempt did not include any statistical validation of the model (Wilcox,
1§71, as discussed in McWilliams, 1977). |

The Agency decided not to develop a functional model for two
reasons. First, the time aQailable in which to carry out the study of a

financial test option was relatively short and might not have allowed
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sufficient research and refinement of the model to produce. useful
results, Second, because the technique was untested in this applica-
tion, the Agency was concerned that it might prove unsatisfactory, and
that, if it were not effective, insufficient time would be available to
carry out am alternative analysis.

The third approach, and that most commonly used in the bankruptey
forecasting literatﬁre, is that of multi-discriminant analysis. This is
a statistical search technique for -arriving at the best linear or nén—
linear function for a set of chosen financial ratios for discriminating
between bankrupt and non—baﬁktupt firms. This is the most statistically
sophisticated approach to the problem. The use of this approach was
rejected in this study for two reasoms: (1) a function of financial
ratios would be more difficult to compute, more difficult to administer,
and more‘difficult to check quickly than a simple set of ratio require-
ménts: and (2) it has been pointed out several times in the literature
on bankruptcy forecasting that multi-discriminant analysis has not
yielded more accurate forecasts of bankruptcy than the simpler approach
adopted here (Deakin, 1972 and McWilliams, 1977). A comparison of the
results of the financial tests developed in this Appendix to financial
tests developed in bankruptcy forecasting studies that emplo?ed malti-
discriminant analysis is included in Section V.

2. Use of Industry-Specific Tests

A number of commenters suggested that the:  Agency adopt specific
tests for different industries. The problem with this approach is the

extreme difficulty of gathering sizable samples of bankrupt firms. An
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extensive search (described in Section III) for firms which had gone
bankrupt and which had publicly available financial statements yielded>a
total of only 95 firms, of which maﬁy were retail firms and none were
electric utilities. To further subdivide this sample into, for example,'
two~digit SIC codes would result in samples of bankrupt firms too small
to be significant. Thus, while industry-specific tests might be theore-
tically desirable, they cannot be developed from the data currently
available. A review of the bankruptcy forecasting literature found only
one study which had developed industry-specific tests (Altman, 1973).
This study was of the extremely bankruptcy-prone railroad industry, and
still had to use bankruptcies over a period of 50 years in order to
develop an adequate sample size.

3. Use of Population Sampling

As outlined in Section I.C., the performance of a financial test
was developed in two steps: first, the development of a baseline
failure rate, and second, the determination of how this baseline failure
rate was reduced by the performance of a specific test. The performance
of each test was measured against the samples of bankrupt and non-
bankrupt firms. An alternat;ve procedure would be to gather relevent
data for a large population of firms, determine which ones later entered
bankruptcy and which ones did not, and then examine each test aninsc
this entire sample for its ability to forecast bankruptcy. The proﬁlem
with this approach is that bankruptcy is a relatively rare event. The
average business failure rate in the post-war period has been approxi-

mately 44 per 10,000 firms per year. This implies that in order to
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obtain a sample of bankrupt firms as large as that used in this study.
it would have been necessary to obtain data on a total of 15,000 firms.
Such an effort would have been beyond the scope of this study, and has
not been attempted in any previous study of bankruptcy forecasting. The
structured sample employed in the study should orovide, however,

approximately equivalent results,
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II. BASELINE FAILURE RATES AND DETERMINATION OF MULTIPLES

A. Baseline Failure Rates:

This Section explains how the Agency determined a baseline failure
rate applicable to large firms from the existing data on failure rates
by size of firm. For the purposes of this study, "large firms" were
considered to be firms with over $10 million in net worth.

Table II-1 is a compilation by Dun & Bradstreet of historical
failure rates per 10,000 firms, incorporating all sizes of firms. As
shown in the Table, the arithmetic mean for the period 1950-1978 is 44
business failures per -year per 10,000 firms. This is probably too high
a baseline failure rate for the kinds of large firms considered in this
study. Greater assets and net worth reduce the probability of corporate
failure. The failure rates shown in the Table for all firms thus. may
overstate the rate of failure for large firms. Altman suggests a reason
for this phenomenon:

[M]any of these companies are not permitted to fail. Except in

the event of fraud, or where the failing company is simply too

large, we rarely observe in the decades before 1970 firms of

over $25 million in assets actually going bankrupt. In @many

cases, the financially troubled firms can expect to be wooed by

a highly liquid or managerially rich firm, usually resulting in

a merger absorption before insolvency in a bankruptcy sense

occurs. (Altman, 1971)
During the period from 1969 to 1974, for example, Douglas Aircraft,
Ling-Temco-Vought, Lockheed Aircraft, and Mohawk Data Sciences came very
close to failing, but failure was prevented by government intervention
or private sector efforts (Altman et al., 1977).

Precise quantitative data on failure rates by size of firm are not

available., Dun & Bradstreet, which maintains the only extensive failure
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TABLE II-1

ANNUAL BUSINESS FAILURE PER 10,000 FIRMS

Number

Arithmetic Maximum of Years
Years Mean Year OQver 60
1970-78 36 _ 44 0
1960-69 52 64 2
1950-59 42 56 0
1940-49 26 63 1
1930-39 86 154 8

| 1950-1978 44 64 2

1930-1978 49 154 11

SOURCE: Derivation from Dun & Bradstreet (1979).
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rate déta now.publiéhed, does unot regularly provide data on failure
rates by size of assets, sales, or net worth. Although'a good deal of
indirect evidence suggests that larger firms have substantially lower
failure rates, a combination or comparison of the different data Bases
is difficult. The estimate in this study of the baseiine failure rate
for lgrge firms was derived from the following sources:
(1) Dun & Bradstreet publications on the relationship between
credit ratings and failure rates;
(2) Quantitative data frﬁm Altman (1971) combined with IRS
statistics on the number of corporations above a given

size; and

(3) A study bleichard C. Edwards on long-term failure rates
for very large firms.

1. Failure Rates By Credit Ratings and Firm Size

Dun & Bradstreet credit ratings are coﬁposed of two elements --
size and creditworthiness. Size is defined as the companieé"tangible
net worth. Creditwérthiness is ;ated from 1 (high).to 4 (limited).
Table II-2 provides the key to the ratings classificatiomns.

A study of the relationship between business failures and these Dun
& Bradstreet ctedit ratings has been published. The results of the
study are presented in Table II-3. Because the size categories are
approximatély equal to the tangible net worth of the firm, two conclu-
sions can be drawn from the results in this Table. First, firms in the
top two categories for financial strength (representing firms of above

$50 million in tangible net worth and firms of between $10 and $50
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TABLE 1I-2

KEY TO RATINGS

Composite Credit Appraisal
Estimated Financial Strength
- High Good Fair Limited
5A Over $50,000,000 1 2 3 4
44 $10,000,000 to 50,000,000 1 2 3 4
3a 1,000,000 to 10,000,000 1 2 3 4
24 750,000 to 1,000,000 1 2 3 4
1A 500,000 to 750,000 1 2 3 4
BA 300,000 to 500,000 1 2 3 4
BB 200,000 to 300,000 1 2 3 4
CB 125,000 to . 200,000 1 2 3 4
cc 75,000 to 125,000 1 2 3 4
DC 50,000 to 75,000 1 2 3 4
DD 35,000 to 50,000 1 2 3 4
'EE . 20,000 to 35,000 1 2 3 4
FF 10,000 to 20,000 1 2 3 4
GG 5,000 to 10,000 1 2 3 4
HH Up to 5,000 1 2 3 4

SOURCE: Dun & Bradstreet.
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TABLE II-3

RELATIONSHIP OF D&B CREDIT RATINGS WITH BUSINESS FAILURES

Percent Failures to Listings Rated

High

Good

Fair

Limited
Numeral

Blank

Total Failures

Percent of Percent of Percent of Percent of
Failures Failures Failures Failures
Rated High Rated Good Rated Fair Rated Limited
Rating
Category 1971 1972 1971 1972 1971 { 1972 1971 1972
SA%; 0.00%] 0.00% 0.00%} 0.00%Z | 0.00%} 0.00%Z| 0.00%Z| 0.00%
4A§/ 0.00 | 0.00 0.00 0.00 0.00 | 0.00 0.00 0.00
3A= 0.00 | 0.01 0.90 0.02 0.33 | 0.50 0.00 0.00
2A 0.00 |} 0.00 0.09 | 0.04 0.37 0.23 0.00 | 0.00
1A 0.00 | 0.00 0.00 | Q.00 0.36 | 0.25 4.00 0.00
BA 0.00 | 0.00 0.05 0.03 0.30 0.15 0.31 0.00
BB 0.00 | 0.00 0.02 0.02 0.35 0.18 1.50 { 0.00
CB 0.00 | 0.01 0.04 | 0.05 0.31 0.28 1.17 1.02
cC 0.00 | 0.01 0.05 0.04 0.39 0.36 1.65 1.48
DC 0.01 0.00 0.05 0.05 0.37 0.43 1.46 2.46
DD 0.01 0.02 0.06 0.06 0.41 0.52 2.05 2.04
EE 0.01 | 0.00 -{ 0.08 0.08 0.46 0.52 1.89 0.00
FF 0.00 | 0.02 0.08 | 0.09 0.46 0.49 1.70 | 1.70
GG 0.05 0.06 0.08 0.08 0.43 3.63 1.33 | 1.40
HH 0.00 | 0.00 0.07 0.06 0.21 3.50 0.50 3.49
SUMMARY

per 10,000 listings

1971 1972
0.004% 0.007%
0.07 0.06
0.40 0.40
1.42 1.51
0.06 0.07
0.75 0.64

42 38

;éategory represents firms with over $50 million in tangible

net worth.

gé(epresent:s firms with between $10 and $50 million in tangible

net worth.

éﬁepresents firms with between $1 and $10 million in tamngible

net worth.

SOURCE:

Sanzo (1974).
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million in net worth) have substantially fewer failures for every credit
appraisal rating than do firms in lower categories, including firms with
from $§1 to $10 million in net worth.. The Table shows that the percent
of failures is .00 percent for the top two credit ratings. However, the
failure rate for firms in the financial strength category of 3A or
lower, i.e., firms with.less than $10 million in tangible net worth,
increases, especially for those firms with a "fair" credit rating. The
"limited” rating 1is given to firms for which insufficient data are
available to provide a more specific rating. As the Table shows, the
majority of firms with a "limited” rating are smaller firms in the lower
financial strength categories.

One problem in using these data is that Awhen very large firms, such
as W. T. Grant, are believed to be approaching failure, they are not
given a "limited”™ rating but rather are given a special rating indicated
by a double hyphen. This means that if Dun & Bradstreet thinks that
failure 1s a possibility for a very large firm, it is not rated at
all. Nevertheless, this tends to be a relatively small category (Backer
and Gosman, 1978). |

Table II-3 also shows that Dun & Bradstreet has greater difficulty
accuratgly rating small firms than large firms. For every credit
rating, there are significantly more failures in the small-firm cate-
gories than in the respective large-firm categories.

2. Quantitative Data from Altman Analysis and IRS Statistics

In 1970, 12 firms of over $10 million in assets filed for bank-

ruptcy (Altman 1971). At that time, there were 23,300 corporations of

II-6



over $10 million in assets (U.S. Internal Revenue Service, Statistics of
Income, Corporate Income Tax Returns). Thus, the implied bankruptcy
rate in 1970 for firms of over $10 milliom in assets is approximately 5
per 10,000. Given that the failure rate for all firms is over 44 per
10,000, this implies that the failure rate for firms of over $10 million
in assets is only about 1l percent of that reported for all firms.

3. Long-Term Failure Rates for Very Large Firmgs: Data from Edwards
Analysis

In a study conducted in 1975, Richard C. Edwards traced the corpo-

rate development of 225 very large firms from the years 1919 to 1969.
Very large firms in the Edwards study were defined as firms with over
$50 million (in~ 1967 dollars) in assets in the year 1919. This is
approximately equivalent to $100 million -in assets in 1980 dollars. The
purpose of Edwards' study was to determine the extent to which large
size alone might effectively prevent the possibility of business
failure. Table II-4 shows the results of this study. For comparison,
the average failure rate for all firms for this period, as derived from
Dun & Bradstreet data, ig 61 firms per 10,000. As is shown in the
Table, the failure rate for large firms as é percentage of the failure
rate for all firws varies ffom 18 to 32 percent, depending on which
class of firms is examined. This wide variance is largely due to the
inclusion in the sample of 15 urban transit firms, virtually all of
which failed during the 1920's and 1930‘3.

4., Summary of Failure Rate Data Bases and Conclusions

Table II-5 summarizes the results discussed above. These results

strongly suggest significantly lower failure rates for larger firms, but
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TABLE II-4

FAILURE RATES OF VERY LARGE FIRMS

Implied
Failure
Rate as a
Implied Percentage
of Dun &
Annual
Rate Per Bradstreet
Number Number Failure Rate
10,000 _
of 1/ of 1/ 2/ For all Firms
Class of Firm Firme= | Failures= Firms— (61/10,000)3/|
Manufacturing . 110 8 15 24
All Firms Except 210 11 11 18
Urban Transit
All Large Firms 225 22 19.5 32

-l/Number of firms and failures are from Edwards (1975).
-g/Implied failure rate calculated as:

1/50
1 - number of failures
number of firms

é-/Der:l.vati.on from Dun & Bradstreer data.

SQURCE: Derivation from Edwards, 1975.
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TABLE II-5

SUMMARY OF EVIDENCE ON FIRM FAILURE RATES
BY SIZE OF NET WORTH

Failure Rate
as a Percentage
of Failure Rate

for All Firms

Size Category

+510 Million in Net Worth with a D&B Fair Credit 1
Rating (1971-1972) : -

+$25 Million in Net Worth (1970) ‘ o 11

+$100 Million in Assets (1919-1969) , ' 18-32
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a precise estimate 15 impossible to determine éiven the quality of the
data bases. For example, the estimate of a 1 percent failure rate for
firms with over $10 million in net worth as a percentage of the failure
rate for all firms based on firms with a Dun & Bradstreet "fair" credit
rating is probably an underestimate. Since Dun & Bradstreet provides no
data on the distribution of firms by size, it is impossible to determine
from Table II-3 1if the entries of .00 percent, which Dun and Bradstreet
states may be any percentage less than or equal to .004, represent a
significant number of firms. Further uncertainty arises from the fact
that large firms that are expected to fail are not rated at all.

Although it is impossible to derive a precise failure rate for
large firms from the data available, all of the data suggest that the
failure rate is at least 50 percent lower than the failure rate for all
firms. The Agency concluded that an estimated baseline failure rate of
22 per 10,000 for firms with over $10 milliom in net worth was reason-
able, assuming that the failure rate for large firms would be at least
50 percent lower than the estimated failure rate of 44 per 10,000 for
all firms. Considering the quality of the data, however, even smaller
failure rates than 22 per 10,000 are possible.

B. Ability to Pay

The fact that a firm has not actually entered bankruptcy does not
ensure that it has adequate funds available to meeﬁ financial responsi-
bility obligations. This Section therefore describes how the Agency
determined if adequate funds would be available to those financially

weakest firms which pass a financial test to meet their financial
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responsibility obligéCiéns. If a néﬁ-bankrupt firm does not have
adequate funds, then such obligations may themselves be a cause of
bankruptcy. This Section‘also descriﬁes how the Agency determined what
additional requirements are necessary to ensure that such obligations
can be met without incréésing the failure rate. These determinations
were made primarily through the examination of the characteristics of
several firms that would pass many possible financial tests and enter
bankruptecy within three years'of pasSing the test. Such firﬁs were the
financially weakest of all firms that could pass financial tests.

l. Availability of Funds

To analyze the adequacy'of the funds available to financially weak
firms immediately prior to bankruptéy,fche Agen;y examined a sample of
12 bankrupt firms. Thesg firms passed many ratio tests (see Sectionms
III and IV) three years prior to baﬁkruptcy, and tests which were
stringent enouéh to eliminate them also eliminated a large percentage of
viable firmsf The fact that séveral of the 12 firms also passed a
number of tests two years prilor to bankruptcy indicates that ﬁheir
financial status deteriorated very rapidly. They therefore represent
the type of firms most likely to fail a financial test only at the point
where they ‘lack sufficleant funds to establish an alternate form of
financial assurance. The Agency examined financial data for these firms
to determine whether they would have been able to meet financial respon=-
sibility obligations at the time they were eliminated by a £financial

test.
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Table II-6 shows, for the 12 firmﬁ, the changes in net working
capital, net worth and quick assets occurring over the three years
preceding bankruptcy. As can be seen from this Table, even if ‘these
firms did not fail a financial test until two years prior to bankruptcy,
all of the firms still would have had posiﬁive net worth and some quick
. assets. In fact, the quick assets of most of these firms increased
between the third and second year prior to bankruptcy. Therefore, if
these firms had failed a financial test two years prior to bankruptcy,
they would have had significant amounts of cash and other liquid assets.
Current assets would have exceeded current liabilities for two~thirds of
the firms, and total assets would have exceeded total liabilities for 11
of the 12 firms.

If the estaﬁlishment of an alternative means of financial assurance
for these firms were delayed by, for example, legal proceedings, Table
1I-6 shows that 66 percent of the firms (8 out of 12) still would have
had positive net working capital one year prior to bankruptcy. All
except one firm would have had positive net worth, and all would have
had significant quick assets. Therefore, with a delay up to one year
prior to bankruptcy, 66 percent of the_ firms would have maintained
adequ#te cash and net working capital to pay at least some of their
obligations. Furthermore, negative net worging capital alone does not
necessarily imply that a firm canmot pay any of its debts. A conser-
vative conclusion would be that if legal proceedings normally took one
year or less, at least 50 percent of ché firms that pass the test up to
two years prior to bankruptcy would still have sufficient funds to

establish an alternative form of financial assurance.
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TABLE I1-6

CHANGES IN KEY FINANCIAL PARAMETERS FOR 12 BANKRUPT FIRMS LIKELY

TO0 BE MISCLASSIFIED BY A FINANCIAL TEST

Percent of
Decline From
3 Yrs To 2 Yrs
Prior to Bankruptcy

Percent of
Decline From
2 Yrs to 1 Yr
Prior to Bankruptcy

Percent of
Decline From
3 Yrs to 1 Yr
Prior to Bankruptcy

Company :

Name NWK NW QA NWK NW QA NWK NW QA
Waltham + ¥ ] s _ 2/ 92.8 | 35.5 - 9.2 | 7.3
Bowmar + + + 76.4 | 12.9 || 50.7 | +
Polarad 60.9 | 41.9] + + 16.7 | 26.1 || 34.8 | 51.6 | 15.0
Beck + + + + + + + +
Unishops ; S11.5%) + - - + - - -
Uniservices + + + 66.7 | 48.5 | 27.3 40,0 | 32.0 | 20.0
Remco 39.7 9.0| + 75.6 | 84.0 | 12.3 || 85.3 | 85.4 | 6.5
Maule Industries - + + - 11.6 | 50.5 - +- | 38.1
M.H. Fishman 4.9 5.7) 13.6 2.6 4.6 + 7.4 10.0 +
National Video NA + |s1.6 || 21.1 | 21.2 | 26.9 || 21.1 | 18.9 | 64.6
Dolly Madison + + + 83.8 5.8 + 75.7 + | +
King Resources 89.5 + NA - 65.7 | NA - 38.6 | NA

1
—jA plus sign indicates that there was an increase in value rather than a decline.

2/

—" A negative sign indicates that there was .a negative value so calculating the
percentage decline 1s meaningless.

NA: Not available -




To test this hypothesis,. the Agency examined the net. working
capital and net worth of the entire sample of 66 bankrupt firms. Table
II-7 shows that over 88 percent of all of these bankrupt firms had
positive net working capital and positive net worth three years prior to
bankruptcy. In fact, even one year prior to bankruptcy, 89 percent
still had positive net worth and 72 percent still had positive net
working capital.

2. Multiple Requirements

Adequate funds will only be available if the net working capital,
net worth and. quick assets of a firm are large enough to cover its
required financial responsibility obligation, without the expenditures
themselves causing bankruptcy. -~ Financial test criteria which require
net working capital and net worth t:oA be equal to some multiple of the
costs of closure and post-closure would help ensure the availability of
adequate funds. Table II-6, which gives the rates of deterioration of
net working capital, net worth and quick assets for the 12 bankrupt
firms discussed above, shows that the quick assets for most of these
firms deteriorated relatively slowly. This suggests that a financial
test requiring minimum lévels of quick assets will not necessarily
ensure that adequate funds are available when needed. The percentage
declines in net working capital and net worth are significant, and
suggest that a test should require that net working capital and net
worth be multiples of closure and post—closure costs.

Under normal circumstances, a firm with net working capital equal

to twice the estimated closure and post-closure costs would be able to
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TABLE II-7

GENERAL ABILITY TO PAY CHARACTERISTICS
OF FIRMS APPROACHING BANKRUPTCY

N Years Prior to Bankruptcy
x-3 x=2 x-1

Percentage of All Bankrupt 88 79 72
Firms with Positive Net

Working Capital
Percentage of All 97 97 89
Bankrupt Firms With
Positive Net Worth
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pay these costs without threatening its continued viability. Inspection
of the financial data of bankrupt firms, however, indicates that net
working capital may often decline precipitously as bankruptcy unears.
Furthermore, firms approaching bankruptcy may frequently experience
negative cash flow, which will place additional burdens on available net
working capital. Nine of the 12 firms sampled, for exémple, had nega-
tive cash flows in the year prior to bamkruptcy. Therefore, a financial
test should require that net working capital be a multiple of closure
and post=-closure costs, in order to provide the Agency with a reasonable
probability that a firm will have resources available for the establish-
ment of an altermative form of financial assurance.

The Agency determined the appropriate multiple by assuming that if
a firm mef this multiple requirement three years priér to bankruptcy,
then it would still have sufficient funds for its financial responsi-
bility obligations one year prior to bankruptcy. This requirement can
be derived in the following way:

(1) V3> MxFR
(2) Vv, > FR,

where V3 is the value of net worth or net working capital three years
prior to bankruptcy, V; is the value of net worth or net working capital
one year prior to bankruptcy, M is the value of the multiple, and FR is
the value of the financial responsibility obligation (closure costs,
post-closure costs, and/or liability requirements). Solving for M

vields:
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This multiple has been calculated for each of the 12 firms in the
sample discussed ;boVe, with the results shown in Table II~8. The
average value of the multiple for the firms that experienced a decline
in net working capital but still had éositive net working capital is
2.8. That is, if net working capital had been equal to 2.8 times the
cost of financial responéibility obligations three years prior to bank-
ruptcy, then adequate funds would still have been available one year
prior to bankruptcy (i.e., after the firm's net working capital had
deteriorated). The average multiple for net worth for firms which had
positive net worth remaining one year prior to badkruptcy was 3.3.

These multiples only ensure that thesé firms would have had net
working capital and net worth exactly eqdal to their financial respon-
sibility obligations. As noted above, this provides no margin of safety
after the financial responsibility.obligations have been met. If both
of the above multiples are rounded to 3, and then multiplied by 2 to
provide a reasonable margin of safety and to ensure that the firm has
some funds remaining to cover other liabilicies which wmay not be
recorded on the balance sheet, then multiples of 6 result. These
multiples provide a margin of safety to ensure that the failure.rates
are not greater than those estimated in the previous Section (22 per
10,000), and to ensure that adequate funds are avéilable even in the

event of lengthy legal proceedings to obtain the funds.
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TABLE II-8

MULTIPLES OF FINANCIAL PARAMETERS NECESSARY TO INSURE
AGAINST FIRM DETERIORATION

Company Name Net Working Capital| Net Worth | Quick Assets
Waltham 6£/ 10.2 1.1
Bowmar *g/ 2.0 +
Polarad 1.5 2.1 1.2
Beck + + +
Unishops - - +
Uniservices 1.7 1.5 1.3
Remco 6.8 6.3 1.1
Maule Industries - + 1.6
M. H. Fishman 1.1 1.1 +
National Video 1.3 1.2 2.8
Dolly Madison 4.1 + +
King Resources - 1.6 NA

Average Multiple 2.8 3.3 1.5

No. of firms that 10/12 9/12 6/12
decline in value

%Z of firms that 83% 75% 50%

decline in value

A/Negative sign indicates negative value

2/

years to one year prior to bankruptcy

NA: Not available
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III. PROCEDURES USED IN SELECTING FIRM SAMPLES AND CANDIDATE
FINANCIAL RATIOS

A, Sample Selection

The Agency assembled an initiai sample of 95 firms that filed under
either Chapter 10 or Chapter 11 of the Federal Bankruptcy Act between
1966 and 1979. These firms were identified in two ways. Previous
articles on bankruptcy forecasting by Altman, Haldeman and Narayanan
(l§77) and Elam (1975) listed the bankruét entities investigated in each
study. The Agency included these firms in its sample if financial data
for the three-year period preceding bankruptcy could be located. Addi-
tional bankrupt firms were identified through a two-step process. The
Agency compiled a list of all companieé that had ceased to be listed in

Moodf's Industrial Manual between 1968 and 1978 (excluding all firms

specifically didentified as having undergone name changes, mergers,
etc.). The fate of these firms was then determined by consulting the

company section of Funk and Scott's Annual Periodical Index. Actual

bankruptcy filing dates for firms in this sample were identified either

_from Funk and Scott or the Bankruptcy heading of the annual Wall Street

Journal Index.

The Agency then compiled financial data for each sampled firm for
the three years immediately prior to bankruptcy. These data were

collected primarily from Moody's Industrial Manual and supplemented when

necessary by the company Form 10-K reports submitted annually to the
Securities and Exchange Commission. As a result of serious data gaps,
three firms were dropped from the original list of 95. Still later, the

Agency decided to exclude all firms primarily engaged in wholesale,
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retail and/or transportation service activities from the sample, since
these are not likely to be TSDFs, further reducing the final sample size
.to 66 firms.

The average net worth of the 66 bankrupt firms sampled (in the
third year prior to bankruptcy) was $14.5 million; only one non-retail
firm had a net worth greater than $100 million. The average asset size
of the bankrupt firm sample was $46.5 million. Thus, as shown in Table
III-1, the Agency obtained a sample with a higher average asset-size
than the samples in almost all previous studies (Beaver, 1968; Altman,~
1968; Altman, et al. 1977; Deakin, 1972).

The Agency then assembled a sample of 190 non-bankrupt firms iden-

tified by the industry index of Moody's Industrial Manual as members of

industrial categories that generate and dispose of large quantities of
hazardous waste on-site (e.g., primary metals, petroleum refining,
chemical and plastics manufacturing, textiles). Data were collected
from Moody's, for these firms for the three-year period 1973-1975.. The
recession year of 1975 was deliberately chosen to evaluate the effects
of business cycle fluctuations on financial ratio performance. Twelve
of these firms were later eliminated because they were primarily engaged
in wholesale, retail, or transportation service activities.

Of the 178 firms in the finai non-bankrupt sample, slightly more
than half had net worth (in 1973) of less than $100 million. For the
smaller firms, the averages for net worth and asset size were $33.6
million and $69.8 million, respectively; for the larger firms, $519.5

and $985.7 million, respectively.
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TABLE III-1

AVERAGE ASSET SIZE OF BANKRUPT FIRM SAMPLES
' (In Millions of Dollars)

Number of . Average
Sample Firms Asset Size

EPA 66 46.5

1/

Altman, et al. 1977 53 96.0~
Deakin, 1972 79 | 20.0
Altman, 1968 31 6.4
Beaver, 1966 79 6.3

i/Five non-bankrupt firms (Douglas Aircraft, Ling-Tempco-Vought,

Lockheed Aircraft, Memorex Corp., and Mohawk Data Sciences) with
very large assets were included in the bankrupt firm sample because
the firms remained non-bankrupt only due to extraordinary external
support.
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Several bankruptcy forecasting studies have utilized matched bank-
rupt and non-bankrupt firm samples. Each firm in the bankrupt sample
had a counterpart in the non-bankrupt sample that had a'relatiyely equal
asset size and belonged to the same industry category.  After careful
deliberation, the Agency decided that use of such a matched sample would
not satisfy the needs of this evaluation. Although the sample of bank-
rupt firms assembled for this study is one of the most comprehensive
ever develoved, iﬁ contains very few firms with greater than $50 million
in net worth, because very few firms of this size fail. Several of the
most highly publicized business failures of the Last decade (W.T. Grant,
Penn Central, United Merchants & Manufacturers) were excluded frdm the
sample because those firms were primarily involved in activitiés other
than manufacturing, and this.reduced still further the number of large
firms. As a consequence, matched sample techniques would not have
provided information about the effectiveness of the various ratio tests
in accurately classifying the large, viable firms most likely to make
use of a financial test provision. The Agency did add a representative
sample of large firms to the non-bankrupt group, in order to verify
whether test options were effective over all size ranges.

The Agency also chose not to undertake a one-for-one matching of
sampled firms by industrial category. In order to‘assemble a sample of
bankrupt firms of sufficient size to provide statistically significant
results, it was necessary to include a substantial number of firms
involved in manufacturing activities not commonly associated with haz-

ardous waste generation (such as bakeries). The Agency determined that
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ﬁhe improvements in classification. accuracy that would result from
evaluating test alternatives against a set of firms likelj to seek to
use a financial test greatly outweighed any potential inaccuracies
engendered Ey the use of an unmétched sample. To yerify this conclu~
sion, the Agency performed .a supplementary comparison of industry
financial ratio averageé, as described in Section VI of this Appendix.

Many commenters on Ithe May 19, 1980 regulation suggested that
electric utilities and hazardous_waste management firms possessea unique
financial characteristics and should be provided with a separate finan-
cial test. To test these'premises, special samples of 26 utilities and
two representative large hazardous waste managément firms were examined.
These results are described in Section VI.

The fundamental limitation of this analysis with respect to the
samples of firms, particularly the non-~bankrupt firm sample; is uncer-
tainty with respect to how well they matéh the financial characteristics
of firms that own or operate TSDFs. In the absence of information about
the population which the samples are to represent, there is no real way
to check fof biases created-by the methods used to assemble the samples.

The firms in the non-bankrupt sample were not randomly selected
from firms listed in Moody's. Juﬁzment was applied to ensure that firms
were chosen from the specific industries considered most likely to own
or operate TSDFs and to ensure a greater representation of smaller firms
than a random sample ‘from Moody's would have produced. Because the

sample was not randomly drawn, the possibility exists that the judgment
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employed may have inadvertently resulted in the selection of firms
exhibiting unusually strong or weak financial characteristics. To check
this possibility, the Agency compared the mean values of the non-
bankrupt firm sample to those of other samples used in past studies of
this kind. (This full comparison is given in Section V.D.2.) Where
data on comparable ratios were available, the average values of ratios
for the non-bankrupt sample in this study was either very similar to
that for other studies (within 10 to 20 percent), or fell between the
values given by other studies (average values for cash flow to total
liabilities vary widely among samples in other studies). As a further
.check for possible bias, the distribution of specific ratios for the
non-bankrupt firm sample was compared to the population of all firms in
specific industries reportd in the Expanded Coverage section of the 1980

Moody's Industrial Manual (Volume I) (see Section VI.A of this Appen-—

dix). This comparison showed that most industries had from 5 to 10
percent more firms meeting a given ratio cutoff point than are found in
the non-bankrupt firm sample for 1975. This would indicate that either
due to changes in industry financial performance between 1975 and 1980,
or due to differences between the two samples, the percentage of viable
firms passing a test could be higher than that reported in this study.

B. Holdout Procedures

In an analysis in which numerous combinations of financial ratios
are tested on a randomly drawn set of firms, it ié important to avoid
the possibility of search bias. If many combinations of financial data

are tested, the test which is evaluated as the most effective may attain
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this result because it is peculiarly sensitive to the precise charac-
teristics of.the sample being analyzed. To ensure that such search
biases did not influence the final -conclusions of this amnalysis, the
Agency created a “"holdout” sample comprised of firms randomly selected
by a computér from the original bankrupt and non~bankrupt samples
(Frank, Massy, and Morrison, 1965). The testing procedure was then
conducted in two phases. All tests were evaluated initially against the
136 non-bankrupt and 42 bankrupt firms which remained in the "primary”
sample. Those tests which provided the best results were then validated
against the 42 non~bankrupt and 24 bankrupt firms in the holdout sample.

C. Selection of Financial Variables to be Tested

In selecting the fingncial ratios to be tested in this ;nalysis,
the Agency consulted a broad spectrum of opinion, placing particular
weight on available empirical results. Candidate financial ratios were
drawn from three principal sources: the comments received on the May
.;9, 1980 proposed regulation, the surveyed opinions of bond rating
service personnel and credit analysts, and the existing literatﬁre on
bankruptcy forecasting. The recommendations from each of these sources
are summarized below.

1. Recommendations of Commenters

Several commenters proposed other financial ratios as better indi-
cators of firm viability than the total liabilities/met worth ratio.
Alternative ratios most frequently mentioned involved cash flow, net
income, net worth, total liabilities, debt and equity. Other measures

identified were the quick ratio, estimates of return om investment,
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total fixed assets, retained earnings, and net sales. In addition, ;
number of commenters proposed that qualitative measures of a firm's
financial position, such as corporate bond ratings or an affirmative
auditor's statement in the company's annual Form 10-K report, be used to
supplement or to substitute for a ratio test. None of these commenters
provided quantitative data om the expected classification accuracy of
their preferred alternatives, and only a few suggested what an appro-
priate pass—-fail cutoff point would be for the ratios proposed. Conse-
quently, these comments were used to identify candidate ratios, but did
not play a significaﬁt role in the critical assessment process.

2. Bond Rating and Credit Analysts

Detailed interviews with senior financial analysts from the bond
rating agencies, leading investment banking firms, and a number of major
urban banks conducted for a study (Backer and Gosman, 1978) for the
National Association of Accountants identified the financial ratios
those analysts considered most important to their credit decisions.
Those ratios are listed in Table III-2. The same authors also conducted
an empirical study of the rate of deterioration in financial variables
for 57 firms whose bond, trade credit, or bank loan ratings had been
downgraded. This analysis indicated that the ratios of cash flowl/total
debt, total debt/total net worth, and return on sales showed the most
significant deterioration in the two years prior to downgrading, and

hence had the highest correlation with actual credit actions. The

lcash flow in this Appendix refers to the sum of net income, deprecia-
tion, depletion, and amortization.
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TABLE III-2
FINANCIAL RATIOS CONSIDERED MOST SIGNIFICANT BY

CREDIT ANALYSTS
(based on interview results)

Short-Term Intermédiate Term Long-Term

Bank Loans Trade Bank Loans :
Financial Ratios Seasonal Credit Term Bonds

Accounts Receivable
Turnover X
Cash Flow to Total
Debt* X X
Current Liabilities to
Tangible Net Worth X
Current Ratio X X
Fixed-Charge Coverage X
Inventorv to Working
Capital X
Inventory Turnover X
Long-Term Debt to
Working Capital X
Quick Ratio o X X 4
Return on Sales X
Total Debt to Tangible
Net Worth#* X X X X
Working Capital to Sales X

Source: Backer & Gosman (1978).

*We have substituted the word "debt" for "liabilities"
because the great majority of interviewees indicated
"that they exclude Deferred Taxes and Minority
Interest from liabilities, thereby aporoximating debt.
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analysis also revealed that many other ratios not identified in the
interview process showed much greater deterioration for the sampled
firms than the ratios listed in Table III-2.

3. Results of Prior Bankruptcy Forecasting Studies

The Agency carefully reviewed the existing literature on bankruptcy
forecasting and identified a large array of financial ratios that have
previously been analyzed for their predictive abilities. These ratios
can 'generally be organiéed into four basic categories of financial
information, as described below.

a. Profitability (Income or Cash Flow Based) Ratios

Profitability measures reflect the current response of wmarket
forces to the products manufactured and/or sold by the firm, and nay
indi?ate the ongoing profit-making potential of an operation. Since a
firm's ultimate existence relies on the earning power of its assets,
measures of this type should reflect the future stability of a firm.
The most straightforward measure of profitability is net after-tax
income (NI). Beaver (1968) tested the predictive power of these ratios
of net income to sales, total assets, net worth, and total debt, and
found the net income/total asset (NI/TA) ratio to have the most discri-
minating power. NI/TA has also been employed in a number of other
studies (Deakin 1972, 1977; McWilliams, 1977). Beaver identified cutoff
points for this ratio ranging from 0 to .04, depending on the number of
years prior to bankruptcy the test was applied. McWilliams, in deriving
qualitative descriptors for financial ratio data, assigned a plus to a
firm with NI/TA greater than .04, and a minus to those with NI/TA below

0. .
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Altman (1968, 1977) proposed the use of earnings before interest
and taxes (EBIT) as a substitute for net income. Theoretically, EBIT
" has the advantage of excluding discontinuities in income trends
resulting from one-time extraordinary charges. However, EBIT fails to
take into account the penalties to profitability sﬁfféred by a highly
leveraged firm, as the result of interest payments. More importantly,
Altman has never published results which compareA;he actual predictive
‘abilities of EBIT versus NI. Since EBIT values ;re not always clearly
identified in income account statements (particularly in the case of
smaller firms), EBIT was not included in the list of variables tested.

Measures of cash flow.(CF).have been observed in past studies to
provide forecasting ability superior to net in;ome ratios. The two most
popular formulations of cash floq ratios are cash flow/total liabilities
(in which CF = NI + depreciation), and cash flow/total debt (in which CF
= NI + depreciation -~ dividen&s, and total debt = l&ng-cerﬁ debt + the
current portion of loné—carm debt). Preliminary analysis indicated that
certain key industries (most significaﬁtly, electric utilities) per-
forméd much worse on the latter of these two ratios. Consequently, the
CF/TL ratio was used in the preliminary evaluation of tests. Beaver
used cutoff points for cash flow/total debt of .03 to .l1l; McWilliams
considered the cutoff points to be .15 to ;35.

b. Liquidity Ratios

Liquidity ratios define the capability of a firm to respond to
short-term or emergency expenditure needs without borrowing. Since the

Agency may call on firms to clogse their facilities immediately, the
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availability of 1liquid assets to cover these costs  is particularly
relevant. Four measures of liquid assets are commonly employed: cur-
rent assets (CA); quick assets (QA), defined as éurrent assets minus
inventories; net working capital (NWK), defined as current assets minus
current liabilities (CL); and cash (including marketable securities).
These measufes are commonly contrasted to either current liabilities or
total assets (TA).

Altman et al, in 1977 found the current ratio (CA/CL, or CURRAT) to
be the most accurate predictive measure of firﬁ stability, while in 1968
Altman used the ratio NWK/fA as his liquidity measure. Beaver (1968)
obtained equivalent predictive results using both measures, as well as
the quick ratio (QA/CL, or QRAT). Deakin (1972) used all seven vari-
ables (CURRAT, QRAT, Cash/éL, CA/TA, NWK/TA, Cash/TA) in his l4-variable
multi-discriminant equation. In his refined five-variable model (1977},
only CURRAT, CA/TA, and Cash/TA are used.

c. Leverage Ratios

Leverage ratios illustrate the percentage of a firm's total assets
that are tied to short-term or long-term liabilities. A highly
leveraged company may have substantial liquid or long-term assets on
hand, but they may be secured by other creditors if fhe firm's financial
condition begins to deceridrace. There are several alternate measures
of leverage. Beaver (1968) looked at a number of ratios that contrasted
current and other liabilities to total assets, and found total debt/
total assets to be the most effective. Altman (1968) found that the

ratio of the market value of common and preferred stock to equity
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provided better predictive ;esults than other debt/equity measures,
although the relative performance of the tested ratios was not docu-
‘mented. Loug-term bond analysts cited the total liability (TL)/net
worth (NW) ratio as the most important variable influencing their judg-
ment (Backer and Gosman, 1978). The Agency used a TL/NW ratio as a
measure of a firm's leverage in its preliminary evaluations. The common
application in the business commnity and ease of calculation of this
ratio make it an appealing candidate for these analytical purposes.

d. Turnover Ratios

Both Beaver (1968) and Altman (1968) tested a number of ratios
relating various asset categories to net sales figures. Such turnover
ratios are commonly used by analysts to measure the sales-gene;ating
capability of assets, or to indicate management's .effectiveness in the .
competit:iv>e marketplace. Although these ratios have traditionally shown
very poor predictive power when used independently, Altman, in his 1968
Z-score model, included a net sales (NS)/TA ratio, and rated it the
second most important contributor.to the overall discriminating power of
his function. However',_ research by the Agency revealed that such a
ratio severely discriminates. against a number of industry categories
(e.g., electric utilities; firms with large extractive interests, such
as mining, gas, oil and timber).

4., Ratios Selected

Sevén financial ratios were selected for detailed evaluation as
candidates for inclusion in a financial test. These ratios were chosen

from the many identified because they satisfied three primary
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conditions: (15 they had been quantitatively validated és significant
predictive variables by previous research efforts; (2) they had been
frequently identified by bond rating services and credit analysts as key
parameters; and (3) their values could be readily obtained from Consol=-
idated Income Account or Consolidated Balance Sheet data. The seven
ratios selected were:
Cash flow/total liabilities (CF/TL)
Net‘income/total assets (NI/TA)
Total liabilities/net worth (TL/NW)
Current-assets/qurrent liabilities (CURRAT, or current ratio)
Quick assets/current liabilities (QRAT, or quick ratio)
. Net working capital/total assets (NWK/TA)
Net sales/total assets (NS/TA)

D. Summary Financial Data for the Firm Samples

Financial data from the companies included in the bankrupt and non-
bankrupt firm samples are summarized in Tables III-3 through III-6.
Table 1II-3 summarizes the primary bankrupt sample; Table III-4, the
primary non-bankrupt sample; Table III-5, the holdout bankrupt sample;
and Table III-6, the holdout nonQbankrupt sample. The three years of
data collected for each sample are hereafter referred to as years x-1,
x=-2, and x~3. For each sample, values for eight financial parameters
are detailed in the tables: net income (NI), cash flow (CF), quick
assets (QA), current assets (CA), total assets (TA), current liabilities
(CL), total liabilities (TL), and net worth (NW). The right-hand

portions of tne Tables for the primary samples (Tables III-3 and III-4)
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indicate each firm's performance in the six major financial ratio cate-
gories used in this analysis: "cash flow/total liabilities, total liabi-
lities/net worth, net fixed assets/total assets, net income/total
assets, current assets/current liabilities, and quick assets/current
liabilities. Because the net income/total assets ratio

was not included in any of the tests evaluated against the holdout

samples, this ratio is not included in Tables III-5 and III-6.
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TABLE 111-3

FINANCILAL DATA FOR FIRMS IN PRTMARY BANKRUPT SAMPLE

Nome of .
Flrw Year 1 ¥ QA CA a T N 1a || nearrald | e | rnnd | corrard’ Jokar® | nisrat
Alan Mouod Steel 1978(x-1) NA NA NA NA NA NA NA NA NA NA “NA NA HA NA
(x-2) -15.0 -7.2 18.7 33,17 41.4 48.0 32.0 120.0 4 ¥ F F ¥ F
(x-3) -9.4 ~-1.4 18.4 34,1 29.2 79.0 47.0 126.0 P ¥ 1.7 ¥ ¥ F
Allied lLelsure 1977(x-1) -3,0 -2.8 0.1 2,2 4.4 4.4 -1.3 3.4 ¥ ¥ P F 1 4 2
(x-2) ~0.2 -0.1 1.2 2.3 2.0 2.0 2.1 4.0 F ¥ P F F F
(x-3) -0.3 ~0.2 1.3 3.2 1.4 1.4 2.3 3.7 F ¥ P P F F
American Beef 1975(x-1) 4.8 7.1 47.7 8.2 72.2 97.4 22.6 120.0 P F F F F 4.0
Packers (x-2) 3.4 5.3 49.6 82.0 74.8 90.3 12.7 108.0 23.6 F F F F 3.1
(x-3) 1.1 2,3 3.3 40.4 35.4 45.7 14.3 60.0 4 F F F ¥ F
Amect beun Bouk 1973 (x-1) 0 1.2 4.8 9.9 15.5 12.2 6.6 18.8 P F 1.8 ¥ ¥ F
(x-2) -2.4 -1.2 11.0 12.9 6.3 17.5 6.6 24,1 P F F P P F
(x-3) 0.1 1.3 3.6 15.5 6.9 16.5 12.8 29.3 P F 1.3 4 4 F
Aymac 1976 (x-1) NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Industries (x-2) -6.8 NA i3.2 29,5 24.0 27.3 5.9 33.2 1 4 F F F ¥ F
(x-3) 2.4 3.0 10.7 30.5 17.7 22.3 1.7 34.0 F 13.5 1.9 1.7 F P
Astrodata 1970(x-1) 0.2 0.7 10.7 10.6 5.8 11.1 2.3 13,4 12 F F 1.8 [ F
(x-2) -6.7 -6.4 i1.4 11,7 18.0 23.3 -8.7 14.6 F F F F F F
(x-3) -5.9 1] 9.5 16.7 17.4 21,7 -1.0 20,7 F F F F F F
Barrington 1976(x-1) NA NA NA NA NA NA NA HA NA NA NA HA NA Na
Industries (x-2) 0.3 NA 3.6 5.9 5.6 1.7 1.2 8.9 ¥ 1 3 F ¥ 12 1.4
(x-3) 0.1 NA 3,6 5.6 6.9 9.6 2.5 12,1 F F F ¥ F ¥
Bishop 1920(x-1) -3.4 ~3.0 4,7 8.7 4.5 14.0 2.3 16.3 F ¥ F L. 9 1.0, F.
Industries (x-2) ~-1.6 ~1.3 4.5 1.1 10.2 16,3 2.2 18,5 F F F F F F
(x-3) 0.2 0.4 12.2 17. 9.1 15,2 7.0 22.2 F F F 1.9 P ¥
Bowmar 1975(x~1) -25.6 -24.1 20.9 43.9 20,4 51.5 3.5 95.0 ¥ F F P 1.0 F
fnstruncuts (x-2) 1.6 8.1 24.0 42.7 30,1 33.9 14.8 48,7 ¥ P F ¥ F P
(x-3) 2.0 2.4 10.7 18.2 10.5 13.4 7.1 20,5 F 17,9 1.9 1.7 1.0 P
Computer 1970(x-1) -2.1 -1.4 14.4 17.4 13.3 33.2 1.0 34.3 F F F ¥ i1 F
Applicatfons (x-2) 0.6 1.2 14.2 17.2 17.1 23.0 11.2 4.2 23.6 F F 3 F F
(x-3) 0.7 1.6 9.9 11.3 1.6 14,6 1.2 21.8 25.2 11.0 F ¥ P 3.2
Diversa 1969 (x-1) 6.7 6.9 0.7 0.7 7.6 39.3 6.6 46.4 F 17.3 F ¥ 13 P
(x-2) -71.3 -6.4 17.1 22,2 32.5 13.1 3.0 76.1 F F F ¥ F F
(x~3) -1.4 -6.8 6.0 13.7 27.7 80.3 10.4 90.7 F F F ¥ ¥ F
l’I' > 30.0 (passes all teses); F < 20.0 (faila al) tescs)
i
:,P > 20.0 (passes all tests); F < 10.0 (falls all tests)
'-’/P < 1.0 (passcs al) tests); F > 2,0 (Fails all tests)
5’? > 2.0 (pusses all tests); F < L.5 (fafls all teses)
élP > 1.2 (pusses al) testad; F < 1.0 (Falls all tests)
2/9 > 4.0 (passes all tests); F <« 2.0 (Fatls ol tuscs)
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TABLE III-3

(concluded)
Name of -

Firm Year NI c¥ QA CA cL TL NW TA NFA/TKU cF/TLg', 'I‘L/va CU!(I(A’I‘ﬁ/ ka‘y Nl/'l'A'b
Technical 1968(x-1) 1.9 2.8 6.7 10,0 2,7 3.1 16.5 19.6 P P P 13 P P
Measurencnts {x-2) -2,1 -1.8 2.6 5.0 4,5 6.0 0.5 6.5 F F F F F F

(x-3) -1.8 -1.5 4,9 9.1 5.6 7.5 5.5 13.0 F ¥ 1.3 1.6 F F
Trans-Beacon 1970(x-1) NA NA NA NA NA NA' NA NA NA NA Na NA NA NA
(x-2) 0.2 0.3 1.5 1.6 1.5 2.6 0.7 3.3 25,2 F F F 1.0 P
(x-3) 0.3 0.4 1.3 1.4 1.2 3.7 -0.8 2.9 P F ¥ ¥ 1.1 P
Waltham 1971 (x-1) -13.9 0 8.9 27.0 30.8 43.9 1.1 45.0 26.8 F F 13 F F
Tudustries . (x-2) 0.3 1.8 13.8. 34.7 21,9 47.9 15.3 63.2 28.1 F F 1.6 F F
(x-3) 1.6 2.4 9.6 18.6 8.1 21,1 11.2 32,3 29.2 11.4 1.9 P 1.2 P
Westgate 1972(x-1) -2,6 2.7 22.8 41.3 34,0 143.6 30.4 174,0 P F F F ¥ F
California (x-2) 2.8 7.2 46.3 63.8 76.9 182.0 33.o 215.0 P F F ¥ F F
{x-3) 3.6 6.8 1 32,1 32,2 116.7 3.3 151.0 P F F F F 2.4
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TABLE TI11-4

FINANCIAL DATA FOR FIRMS IN THE PRIMARY NON BANKRUPT SAMPLE

Nasow of p -
1 -
_ Flew Yeur"_ Nt CF |l _ea | o )T . mw N uvarea?’] e | mgwe®’ | comar®’ qlm@_‘—f_’__ _!!:I'Al,' il
Alcua (x-1) 65 235 400 102} W 1845 | 1575 3420 [ 12.8 1.17 P 1.06 F
(x-2) 173 338 424 1040 472 1651} 1547 3198 P P 1.06 3 1.00 4
(x-3) 104 263 453 905 308 1412 1409 2821 [ 4 i8.6 1,00 P 4 3.7
AVlcgheny Ludtum (x-1) 30 50 119 325 141 318 320 638 13 15.8 P [ 4 F P
(x-2) 45 64 153 379 184 152 304 656 P 18.2 1.16 4 3 | 4
(x-3) 31 49 115 320 146 117 270 588 3 15.5 1.17 P F 4
Adtanil (x-1) 1 2 8 1) 3 4 17 21 W 22.3 P P 4 P 4
(x-2) .7 2 13 26 12 16 15 N F 10.3 1,01 4 1.05 2.3
(x-3) 3 3 9 21 8 12 15 27 20.9 P 1 4 P 1.10 P
Alumax (x-1) 21 23 17 217 54 (%) 279 462 4 12.5 4 4 4 P
(x-2) 36 16 99 179 60 18 259 117 ¥ P P 4 P [ 4
(x-3) 16 16 81 139 51 n 201 272 F P P P P [ 4
Amax (x~1) 134 193 451 6177 333 1116 1364 2480 P 17.3 P | 4 P
(x-2) 148 194 261 404 207 826 942 1768 14 4 P .95 P [ 4
(x-3) 105 142 4117 535 209 812 840 1652 P 172.5 [ 4 P P P
Aucron (x-1) 8 14 41 70 29 67 b8 135 P P P P P P
(x-2) 7 12 48 87 19 82 62 144 P 14.9 1.32 P P P
(x-3 6 1 35 60 25 56 S8 114 P 18.6 P _P P 1 4
Amctek {(x-1) i3 16 43 85 35 54 6?7 121 2%2.6 P [ 4 [ r P P
(x-2) 11 15 32 18 36 57 59 117 |4 P P P ¥ | 4
- (x-3) 9 13 30 70 29 48 53 102 29.2 3 P P 1.03 P
Ampeo-Pittsburgh (x-1) 6 8 14 38 12 15 50 65 25.8 4 P P P 4
{x-2) 9 10 16 43 17 22 45 67 20.7 P P P 1.04 3
(x-3) 5 6 13 35 13 18 18 56 21.4 P | ¢ 1.02 P
Awsted {x-1) 35 45 98 157 75 79 179 258 P | 4 P 1.54 r P
(x-2) 17 26 71 129 61 65 153 218 P 4 4 P 1.16 [ 4
(x-3) 15 24 63 117 50 61 144 205 P | 3 P’ P P P
Anken (x-1) .7 1 4 1 2 2 10 12 P P [ 4 3 13 P
(x-2) .6 1 4 7 3 3 9 12 4 P P 1 4 e P
(x-3) i 2 4 7 3 3 9 12 4 l | [4 4 ¥ | 4
Armco Steel (x~1) 117 209 438 1003 415 1276 1330 2606 4 16.3 P 3 L.06 P
(x-2) 204 290 601 1124 554 1268 1274 2542 | 4 P P P 1.08 | 4
(x~13) 107 190 438 851 172 1114 1145 2259 | 4 17.1 | 4 e 1.18 P
ASARLO (x-1) 26 62 195 442 174 641 861} 1502 [ 4 F 14 g 1.12 F
(x-2) 126 16} 182 408 2734 4h6 863 1329 | 4 P P 1,74 ¥ 4
(x-1) 113 140 in 364 196 375 774 1149 | 4 1 4 1 4 .86 ¥ | 4
Yior ald firms, x-1 1s 1975, x-2 13 1976, and x-3 is 1973
Hp . 30.0 (passes all tests); F « 20,0 (falls all tests)
My 5 20.0 (passes all tests); F < 20.0 (fails all teses)
éll’ < 1.0 (passes all tests); F > 2.0 (falls all tests)
2’? > 2.0 (passes all tests); P < 1.5 (fafls all tests)
g/l’ » 1.2 (passes all tests); F + 1.0 (falls sll Lests)
Ul’ > 4.0 (pusses all tests); F < 2,0 (falils all vesta)
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TABLE T111-4

(continued)
Name of 1/
Firm Year— NI CF QA CA Ch Th. NW TA NFA/'I‘A—z-/ (;F/'rl,y 'l‘l./NHl-'/ (:uuumé/ mm‘r‘—’/ Nl/'l'hzl
ASPRO (x-1) 2 -4 13 23 12 23 115 38 [ 16.3 1.53 1.95 1.06 [3
{(x-2) 2 3 1] 19 9 21 13 34 13 13.7 1.55 P P P
(x-3) 2 3 10 18 8 18 12 30 |4 15.6 1.48 P P P
Athlone (x~1) 12 15 43 85 32 109 - S0 159 27.5 13.7 F P 3 P
(x-2) 13- 16 .50 96 45 122 48 170 24,1 13,3 F P 1.1t P
(x-3) 7 10 32 77 30 112 40 152 25,7 F F P 1.07 P
Basic (x-1) 3 5 10 25 B8 22 27 49 P 4 P P 4 [ 4
(x-2) 4 6 14 217 9 21 . 25 46 P P 4 P P P
(x-3) 2 5 3} 24 8 23 22 45 P P 1.02 3 P P
Bernz-0-Mat fc (x-1) -2 -1 4 12 4 10 8 18 [ 4 1.30 [4 £.05 F
(x-2) .8 1 7 14 5 11 9 - 20 23.5 1.7 1.19 13 P 3.9
(x-3) 2 2 6 14 6 9 9 17 F P 1.01 ® 1.13 P
= = —_
Bethlehem Stecl (x-1) | 242 476 768 1388 719 1180 2612 4592 P P P 1.93 1.07 P
(x-2) | 342 553 1172 1682 1032 2023 2190 4513 P P P 1.63 1.14 P
(x-3) 207 403 934 1376 713 1677 2242 3919 P P P 1,93 P P
Bliss & Laughlin (x-1) 10 14 32 64 14 52 68 120 - 21,9 4 P |4 P r
(x-2) 9 14 24 56 19 50 62 112 24,1 P r | 4 P P
(x-3) 8 12 29 56 16 56 57 113 23.6 P P P P P
Brooks & Perkins | (x-1) 1 1 5 1 4 7 6 13 F 18.6 1.17 P 1.15 ¢
{x-2) .5 .8 4 4 5 S 10 F 17.4 P 1.8%3 F P
(x-3) .5 .8 3 7 3 3 6 8 20.2 P P P P
Bundy Corporation | (x-1) 4 8 19 29 10 21 50 71 P P P P P P
(x-2) P 4 19 29 1 23 49 72 P 16.2 P [3 P F
(x-3) 8 1" 21 33 13 25 52 78 P |3 P P P P
Carpenter (x-1) 22 23 47 113 34 55 139 194 P P [ 4 P 13 P
(x-2) 17 24 49 117 40 65 124 189 P P P P P P
(x-3) 14 20 40 100 28 55 112 167 ¥ 3 P 4 4 e
Ceco (x-1) 9 14 60 98 26 58 92 150 P 4 3 P P 2
(x~2) 11 17 50 100 31 63 87 150 30.0 P P 3 3 P
(x-3) 10 15 46 92 3t 65 80 145 4 P 4 P . P P
Cerro (x-1) -2 11 208 311 1 147 380 343 721 NA F P # P P
(x-2) 16 24 247 338 154 396 369 765 F 1.1 1.07 r P 2.1
(x-3) 15 22 185 253 80 298 162 660 F ¥ P 3 P 2.3
CFal (x-1) 38 64 85 122 7 127 182 309 P P P 1.78 1.20 P
(x-2) 15 60 79 115 46 107 181 288 3 P P 2 3 P
{(x-3) 14 33 62 92 53 nz 168 285 P P r 1.72 1.15 P
Cleveland-Cliffs | (x-1) 3 34 58 75 12 68 216 284 F [3 P 3 P P
(x-2) 26 26 72 81 10 56 203 259 F P 14 P 4 P
(x-3) 21 21 70 78 18 33 185 218 F 1 4 | 4 g 1 4 P
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TABLE I11-4

(continued)
Nawe of p .
Firm \'uur'—/ NI (3 QA CA ¥} i NW TA NI-'A/TA—Z/ CF/TI.-! 'rL/Nuy (:um(.-\'r2 QKAT-Q/ NE/TA u
Comsereial Metals | (x=1) - 9 12 58 99 a8 62 59 120 F 14 1.05 [ 4 P P
(x-2) 19 22 77 124 81 95 50 145 F [ 4 1,90 1.54 F 4
(x-3) 5 8 52 81 55 66 32 98 F 11.7 F 3 F 4
Consyne (x=1) 1 2 4 8 2 3 9 12 F P P [ 3 P
(x-2) 1 2 4 8 2 3 9 12 F P 14 |3 P P
(x-3) 1 2 4 7 3 3 .8 11 F P P P 3 P
Copper Range (x-1) -14 -6 28 62 19 58 128 186 14 F P P 4 ¥
(x-2) 18 26 55 86 15 61 19 180 P P |4 P | 4 P
(x-3) 11 19 44 61 12 54 106 160 P P P 3 P P
Coppesweld (x-1) 23 18 199 466 213 340 267 607 F 11.2 1,27 P F 3.8
(x-2) 17 21 47 97 42 69 89 158 P P P ¥ 1.12 P
(x-3) 13 17 30 73 27 55 77 132 P P P P | PR | 4
Crown Industries (x-1) .8 1 5 8 3 4 ? 11 23.3 P P ¥ P P
(x-2) 1 2 5 9 4 5 7 12 22.0 P P 4 P P
' (x-3) 2 2 5 8 4 5 6 11 21.9 4 P P P P
Cyclops (x~1) -7 7 10 173 88 166 138 304 P F 1.20 1.97 F ¥
(x-2) 20 23 82 206 115 183 157 340 P 18.1 1.17 1.79 F [ 4
; (x-3) 9 22 117 180 91 165 145 310 P 13.2 1.14 1.98 F P
|
ODriver Harris (x~1) 2 3 10 23 11 16 18 33 29.5 12.3 P P F P
\ (x~2) 2 3 10 23 11 16 18 33 29,5 17.3 P P ¥ P
} (x-3) 1 2 1 20 9 14 16 30 P 15.0 P 3 1.20 3.7
g Earth Resources (x-1) 10 13 38 48 38 58 32 90 P P 1.84 ¥ 1.02 P
{ (x-2) 7 11 32 41 37 47 24 n P P 1.92 F F P
; (x-13) 2 S 15 19 13 24 18 42 P P 1.31 ¥ .15 P
i EASCO (x-1) 7 1 26 64 27 52 46 97 I3 ? 1.13 P ¥ 3
(x-2) 6 10 30 7 29 64 4t 105 4 14,8 1.56 3 L.03 3
{(x-3) 6 9 27 58 37 53 36 89 P 16.6 1,47 1.57 F P
Eastern (x-1) 3 4 6 14 2 6 19 25 P [ 4 [ 4 P P P
(x-2) 3 3 8 17 S 9 18 27 P P P P P 4
(x-) 2 2 6 12 3 4 15 19 P | 4 [ 4 3 3 P
ELTRA (x~1) 3 53 184 3176 142 237 298 535 20.5 14 L [ 4 4 4
(x-2) 35 49 192 kYA 146 242 273 515 F P P P 4 P
(x-3) 32 44 157 309 102 181 249 431 F P 3 4 | 4 P
Florida Steel (x-1) 10 17 40 11 24 53 7 P [ 4 P 4 4 P
(x-2) 11 11 24 47 15 28 43 76 P P P P P P
(x-3) 8 19 36 9 21 39 60 P P P | 4 P [ 4
General Steel (x-1) 5 ? 14 27 11 37 15 52 1 4 18.8 F P [ P
(x-2) 5 7 14 28 11 41 10 51 | 4 16,3 F [ P |13
(x-3) b] 5 19 29 18 56 5 61 P F ¥ 1.64 1.07 P
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TABLE I1I-4

(continued)
Name of :

Firm veacH | wi CF QA ca cl. TL NW TA ] um/uy (:r/'n.-y TL/NNﬁ/ currar™’ Qk/\'r(—’/ nrsal!
AR N S R, .

fanna (x~1) 47 57 79 100 49 92 293 385 ¥ 4 [ 4 P P P

(x-2) 21 10 75 97 49 114 283 397 F P P 1.96 P 13

L (x~3) 23 13 60 81 31 86 274 360 ¥ 4 4 P P 3

Harsco (x-1) 36 59 135 224 59 152 206 358 P P P P P 3

(x-2) 25 48 98 194 90 137 182 319 P P P P 1.09 P

(x~3) 22 42 91 162 64 107 164 27 P P P P P P

Hofmaun (x-1) W7 2 7 18 12 16 14 30 P 12,5 1.16 ).58 ¥ 2.3

fadustries (x-2) 3 3 8 16 9 14 [K) 27 P 4 1.04 1.89 ¥ P

(x-3) 1 2 8 16 11 16 11 27 P 11.9 1.43 1.56 ¥ P

toover Ball. (x-1) 12 21 60 87 37 69 79 149 2 H P P 13 4

& Bearing (x-2) 1 1 39 72 k) 70 73 143 P 3 [ P P P

(x-3) 14 21 13 58 27 59 62 122 P P P P P P

MO (x-1) | 166 199 207 469 284 630 458 1088 P P 1.38 1.65 ¥ P

(x02) 57 79 267 346 150 435 309 744 P 18,2 1.41 P P P

(x-3) 26 41 183 260 128 105 250 555 P 13.4 1.22 P ¥ v

Inland Steel (x-1) a3 164 309 627 243 896 971 1867 P 18.3 P P 3 P

(x-2) | 148 222 323 664 102 819 919 1758 P P P i3 1.07 P

(x-3) 83 154 250 515 243 7o 849 1559 P P P P 1.03 P

laspiration (x-1) -4 7 28 60 13 54 115 169 P 13.3 P P- P ¥

Conso) fduted (x-2) 10 20 18 39 17 65 91 156 [ P P P 1.07 P

(x-3) 15 21 36 47 15 68 88 156 P |3 P P P 3

taterlake (x-1) 34 54 98 216 107 216 264 480 v P P 13 ¥ P

(x-2) 19 55 124 250 155 254 "242 496 P P 1.05 1.61 ¥ P

(x-3) i? 32 87 164 66 148 214 362 3 P P P P P

Kaiser Aluminum (x-1) 95 149 154 825 446 1304 798 2102 3 11.4 1.63 1.85 ¥ »

& Clhemical (x-2) | 104 157 401 799 452 855 1202 2057 P 18.4 P 1.77 ¥ P

(x-3) 45 95 12 618 394 754 1060 1814 P 2.7 3 1.57 ¥ 2.5

Kaiser Industries | (x-1) 79 213 212 305 189 657 632 1289 P P 1.04 1.61 1.12 P

(x~2) k) 91 219 134 202 692 577 1269 P 13.1 1.20 1.65 1.08 2.4

(x-3) 45 97 219 313 191 688 550 1238 13 14.1 1.25 1.64 1.15 3.6

Kalser Steel (x~1) 80 13 134 216 125 329 458 787 P P P 1.72 1.07 P

: (x-2) 67 111 143 244 134 394 395 789 P 13 P 1.83 1.07° P

(x~3) 53 96 144 224 135 422 336 758 ¥ P 1.26 1.66 1.07 P

Katy Industries (x~1) 10 15 35 75 34 98 68 167 20,9 15.4 1.44 3 .02 P

(x~2) 10 15 35 75 34 98 68 167 20.9 15.4 1.44 P 1.02 P

(x~3) 12 17 38 70 40 97 60 156 20.8 17.8 1.64 1.74 4

Kawecki-Berylco | (x=1) | -1 3 22 14 18 64 53 ‘116 v F 1.21 v P F

(x~2) 7 10 21 72 14 57 55 112 29.0 17,3 1.64 P ¢ P

(x~3) 5 8 21 61 15 40 50 90 26.6 19.3 1.03 13 P P
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TABLE TII-4

(continued)
Name of . P
Filem Yeard!| nr cF QA cA . TI. NW TA vearta! | eesm ¥ | mnm®? | cukrar?’ ka"—'/ ur/all
Kennccot t (x-1) 49 71 171 446 183 82 1411 2223 4 F P P F ¥
(x-2) | 21t 302 nz 606 287 167 1442 2209 |4 P P P 510 P
(x-3) | 159 240 3 550 241 670 1307 1295 P P P P 4 P
Keystone (x-1) 11 20 41 135 41 128 112 240 P 15,9 1.14 P 1.01 3
Consolidated (x-2) 10 15 19 124 55 122 103 225 P 12,2 1.18 P F P
(x-13) - 12 17 102 36 108 95 202 P 0.8 1.14 |3 1.01 2.4
Kerr-McCue (x-1) 13 190 338 567 285 579 809 1388 P (4 P 1.99 119 [
(x-2) 116 187 298 496 294 510 655 1164 3 P | 4 1.69 1.01 3
(x-3 63 120 200 313 128 308 559 867 P P P P P |4
- J S —_— e e
Kewanee {(x-1) 28 43 101 181 63 174 183 357 4 P P P 4 P
(x-2) 29 42 66 ' 116 42 14 170 244 P P P ¥ P P
(x-3) 17 29 49 | 86 30 60 147 207 | 4 P | 4 [ 4 3 |4
Kimburly-Clark (x-1) 103 150 237 ¢ 493 219 575 730 130% P P P P 1.08 P
(x-2) 95 143 249 1 486 199 562 668 1229 P P 4 P P [ 4
(x-3) 82 124 228 . 402 169 458 610 1068 P P P | 4 13 P
Kin-Acrk (x-1) .9 2 4 7 4 15 : 12 27 P 14,6 1.25 1.81 1.,08. 3.3
(x-2) 1 2 4 7 6 17 11 27 P 13.9 1.54 F ¥ | 4
(x~3) 1 2 3 4 7 16 10 25 P 14.2 1.60 F ¥ P
Koppers (x-1) 60 91 214 369 150 311 368 680 4 4 4 4 P P
(x-2) 48 81 193 339 144 336 32 648 P P j.08 P P P
{(x-3) 30 58 151 255 107 246 274 520 4 P [ 4 [ 4 P P
7
Kraftco (x-1) 140 192 jli8 1024 ) 466 658 1009 1667 4 | 4 P P ¥ P
L] (x-2) 95 144 337 1130 582 860 850 1710 4 16.7 1.01 1.94 F [ 4
(x-3) | 103 151 295 854 411 583 | 808 1391 P P P F P
Lehigh Valley (x-1) 2 4 ) 32 18 53 6 59 23.7 ¥ F 1.81 [ 3.9
Industries (x-2) 2 4 8 32 18 53 6 59 231.8 F F 1.81 F 3.9
(x-3) 3 4 8 32 19 55 4 59 23.1 ¥ F 1.74 F P
Likly & Co. (x-1) 181 212 613 947 436 476 958, 1434 4 P [ 4 P P 14
(x-2) 179 207 553 850 390 417 849 1265 29.3 P P P 4 P
{x03) 156 182 450 667 268 290 730 1020 P 3 P 4 P P
L'tV Corporatfon (x-1) 13 10 367 848 585 1602 361 1963 |4 F F ¥ ¥ F
(x~2) 112 197 645 1097 647 1686 344 20 P 1.7 F 1.69 F 4
(x-3) 50 130 498 871 515 1552 23] 1785 [ 4 F F 1.69 ¥ 2.8
tubrizol (x-1) 47 59 116 193 64 14 23} 305 P P P P P P
(x-2) 51 61 nu2 191 80 89 203 292 P 4 | 4 P P P
(x-3) 37 46 101 138 49 55 170 225 4 P P P 4 P
Lukcas Stecl (x-1) 11 12 kX ) 60 27 54 109 163 P 4 4 P 1 4 | 4
(x-2) 3} NA 39 73 16 66 102 168 P 15.0 P P 1.09 P
(x~3) 7 NA n 58 25 55 94 149 P 15.0 P 4 3 P




TABLE I11-4

¢z-I1I

(continued)
Name: of 1/ 2 LY, 4/ 5/ 6/ 1/
Firam Year— NI C¥ QA CA CL TL NW TA NFA/TA= CH/TL~ TL/NW- CURRAT= QRA1- Ni/TA
MacAundrews (x-1) 3 6 7 28 2 25 31 56 P P P P F | 4
Forbes (x-2) 2 5 8 26 10 23 29 . 52 P P 4 P 3 4
(x-3) 6 -] 10 27 12 27 28 54 P | 4 | 4 P ¥
Mangood (x-1) .2 .5 4 1 4 8 4 12 P F 1.86 P 1.20 F
Corporat bon (x-2) .1 F [ 9 5 9 4 13 P F F 1,84 P F
(x-3) .2 F 5 7 3 6 5 11 3 F 1,33 4 P F
Marathon (x-1) 14 22 42 126 64 132 81 213 P 16.4 1.63 1.97 F P
Manufacturlng (x-2) 7 13 42 138 68 160 68 228 4 F F [ 4 F 3.
(x-3) | -19 =12 52 106 66 137 61 198 P F F 1.61 [ F
Marcin (x-1) 55 115 207 393 161 530 609 1139 4 P P [ P 3
Marictta (x-2) 81 139 215 392 169 538 584 121 P P P P P P
(x-3) 57 109 225 371 ' 145 569 503 1072 P 19.2 1.13 P P P
Mclatosh (x-1) 1 3 10 15 S 7 23 30 P [ 4 P P 4 P
Corporation (x-2) 4 5 10 18 9 13 22 36 P P P 3 1.8 P
1 (x-3) 4 5 10 15 b 9 20 28 P P 4 | 4 P P
MclLouth (x-1) 6 23 55 136 9 154 175 329 3 14.8 P 1.70 ¥
(x-2) 22 41 15 130 65 144 17 321 4 P P P 1.19 P
(x-3) 16 15 68 118 55 138 162 299 3 P P P P P
McHell (x-1) 4 6 33 95 36 61 7} $3 1) 25.1 10.5 (4 P ¥ 2.7
Corporation (x-2) 5 7 7 92 15 55 69. 124 23.2 13.0 P P 1.04 3.7
(x-3) 6 8 Jo 77 27 40 66 106 23.9 P P P L.13 3
Mead (x-1) 53 94 245 3 192 560 532 1092 P 16.8 1.05 1.93 4 [
(x-2) 82 120 219 381 213 552 509 1061 P P 1.09 1.79 1.03 P
(x-3) 50 82 190 336 152 486 459 945 P 16.8 1.06 N 3 P
Merck (x~1) 229 2814 447 857 155 624 950 1574 v P P P 14 P
: (x-2) | 211 257 332 123 363 420 823 1243 | 4 P 4 1.99 ¥ | 4
(x-3) 183 223 335 580 238 279 710 989 P P P P P P
Michigan Seamless | (x-1) 10 13 14 32 15 23 42 65 P P P P F 4
Tuba: (x-2) 7 4 15 29 10 27 34 60 P P P P [ P
(x-3) 4 P 13 26 9 19 29 48 r P P P 4 P
Midland-Ross (x-1) 21 31 140 209 104 169 182 351 26,1 18.5 P P v P
(x~2) 2] 32 49 186 89 157 167 324 27.6 P P P 1.11 P
(x-13) 12 21 16 141 57 130 152 282 P 15.8 P P P P
- - 1
Mlies (x-1) 15 19 81 144 17 200 146 J46 1 4 13.1 1.3 1.88 1.06 P
Laboratorfes (x~2) 16 26 60 149 105 198 137 135 P 13.2 1.45 F F P
(x-3) 17 26 14 124 80 171 128 299 P 15.3 1.34 1.5% ¥ P
3] (x-1) 262 417 795 1589 620 1194 1823 3017 P P 1 4 P v P
' (x-2) { 302 431 675 1577 921 1146 1695 2841 P P P 1.71 ¥ 3
(x-3) | 296 405 743 1310 565 768 1513 2281 P 3 P P P 3
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TABLE I11-4

(continued)
Name of - . .

Flem Yeart!| cF o | ca ci. 1 N ta  foearia?’ | crmid L o | amrar | qrar®’ | wogral/
Mirvo {(x-1) 3 S 26 51 [{1] 28 43 71 27.8 19.2 P P 4 P
Aluajonum (x-2) 3 b 17 49 9 27 42 69 29.0 19.1 P P | 4 4

(x-3) 4 6 16 43 18 22 40 62 P P P P ¥ P
Mobit 011 {x-1) 810 1522 3954 6156 5234 8209 6841 15050 P 18.5 1.20 ¥ ¥ 3
{(x-2) {1047 1560 3863 5827 5206 7638 6436 14074 4 P 1.19 F- ¥ P
(x-3) 849 1282 2986 3919 3375 4976 5715 10690 4 | 4 P F F P
Hulycorp {x-1) 8 16 10 30 8 42 92 134 P 4 [ 4 P .14 P
(x~2) 14 22 12 32 15 50 77 127 3 P P P ¥ P
(x-3) 8 14 14 30 13 42 75 117 P P P P 1.12 P
Morvcon ‘NUI’\JIC'I (x-1) 18 35 107 20} 59 222 238 460 4 15.7 P P e 3.8
(x--2) 25 41 105 191 89 208 231 439 P 19.7 P P 1.47 i
{x-1) 24 39 96 164 61 186 217 403 P P P r P ¥
Naleo Chemical (x-1) 32 44 7 118 47 58 158 216 4 [ 4 P P 4 P
(x-2) 27 36 58. 100 41 49 138 187 P P P P P [
(x-3) 25 32 11 100 30 35 122 157 27.4 | 4 P P P P
National (x-1) 17 4 19 64 86 34 43 14 17 20.0 P P |4 4 4
Chemsearch (x-2) 14 ’ 14 50 67 21 29 59 88 e | P P [ P
(x-3) 10 10 42 52 15 20 48 68 ¥ 1 4 P P I 4
Nat jonal (x-1) 62 89 328 629 163 429 595 1024 4 P P P 3 | 4
Distillers {(x-2) 90 17 315 641 181 454 565 1019 1 4 3 P P P P
(x-3) 72 10 341 629 174 504 505 1009 P P P P P 4
National (x-1) 15 22 93 182 10 189 92 281 ¥ 1.7 F 1.65 ¥ P
Industries {x-2) 17 HA 100 197 143 219 86 305 ¥ 10.0 F F ¥ 4
(x-3) 14 NA 66 154 m 182 81 263 21.2 10.0 F 1.53 ¥ P
National (x-1) 18 29 87 139 45 74 155 229 P P P P 3 g
Survice (x-2) 23 33 90 161 14 104 148 252 P P P P 4 [ 4
{x-3) 23 32 a7 138 55 85 140 225 P P P |4 P P
Nattonal (x-1) 19 25 58 100 32 84 130 214 4 [ 4 [ 4 I [ 4 [ 4
Starch & Chuan, (x-2) 18 25 42 89 13 69 116 185 P P P P r P
{x~3) 17 23 36 70 28 47 102 149 [ 4 P P P P P
Natfonal Steel (x-1) 58 17t 318 763 503 1201 1209 2410 [ 4 14.2 P 1.52 ¥ 2.4
(x-2) 176 286 578 857 581 1096 1192 2289 P 3 4 ¥ F P
{x-3) 98 207 423 681 431 958 1067 2024 4 P | 3 1.58 F P
New England (x-1) 3 4 11 3 4 19 23 P P P P 4 P
Huclear (x-2) 3 4 1 13 3 4 16 20 P 4 P ¥ 4 P
(x-3) 2 3 9 11 3 3 13 16 28.8 P P 13 P | 4
Hewmont Hining {x-1) 53 1.3 129 298 126 481 648 1129 4 17.7 P |4 1.02 4
(x-2) 114 140 123 266 124 440 617 10717 P P P | 4 F P
{x-3) 103 123 110 186 72 379 564 944 P P P P 3 P
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TABLE IT1I-4

(continued)
Nawme of
Firm Yeac/ | w1 cF GA cA cr. 1. NW TA wearra cerm v | curwar?’ asar®! | wrsral/
A S . ] e e e
NI Industries (x-1) | 46 80 223 493 178 540 520 | 1060 3 14,9 1.04 P P p
(x~2) | 78 1o 221 494 210 535 499 1034 P P 1.07 P 1.05 ®
(x-3) | 47 16 268 459 190 544 444 988 P 14.0 1.22 3 P P
Norehwest (x~1) | 10i 131 296 572 189 601 583 | 1184 29.9 P 1.03 P v v
ladustries (x-2) | 82 108 290 554 171 585 504 1089 24.9 18.5 1.16 P ¥ P
-3 | 57 19 269 457 140 536 429 | 965 24.0 14.7 1.25 P P r
-
NW Steel & Wire | (x~1) 27 34 56 121 19 65 | 11 238 P P P ) ¥ P
(x-2) | 34 40 102 140 32 66 i 175. 240 3 P P P i I3
x-3) | 22 32 109 137 28 58 1 155 | 213 P P P P 3 P
Norton Co. =x-1) ] 21 34 159 288 88 193 255 | wus P 18.0 13 3 v P
(x-2) | 25 18 127 279 120 185 244 429 P P P 13 1.06 P
(x-3) | 21 33 115 235 80 141 228 369 3 P P P 3 P
Nucor (x-1) 8 12 19 45 18 48 45 93 P P 1,08 P 1.07 P
Corporation (x-2) 10 13 26 45 24 45 37 82 P P 1.2) 1.87 1.07 P
(x-3) 6 8 22 39 19 41 27 68 '3 19.3 1.54 1.99 1.12 P
e : : -
Oakfte (x-1) 3 3 9 17 6 6 17 24 26,7 (4 t e 4 ¥ I
Products (x-2) 3 .3 9 17 7 8 16 24 27.0 P P P P oo
(x-3) 2 3 8 14 4 5 15 20 29.1 P P P P P
;
Occidental (x-3) | 172 310 ¢ 1015 | 1328 183 | 2302 | 1201 3503 3 13,5 1192 1.70 P P
Petroleum (x-2) | 281 393 1 1048 | 1372 907 | 2231 | 1094 | 3326 ) 176 |, F 1,51 1.16 P
(x-3) 72 214 913 | 1172 858 | 1991 847 | 2838 3 107 , F F 1.06 : 2.5
i -
Olin f(x-1) . 59 118 | 1305 531 221 478 536 | 1014 I3 e 1.08 P v Lo
Corporation L (x-2) + 84 NA i 277 498 215 465 488 953 P 8.1 P P r Coop
(x-3) | 61 NA § 297 472 246 528 560 | 1088 13 6 P 1,92 v HE
P&F ludustries (x=1) i .1 ) 14 27 1n 26 13 39 23,9 ¥ 1.97 P P ] ¥
(x-2) 1 3 16 17 24 34 13 47 F F F 1.51 F 1.0
P (=3 | -.5 .6 15 26 15 26 12 38 F F F 1.80 ¥ F
Park Chemical -] .5 .6 2 2 .5 .6 3 3 24,2 ¢ P P ¢ 3
(x-2) .5 .6 2 2 .8 .8 3 4 22.8 P P P P P
(x-3) .3 .4 1 2 .6 .6 2 3 26,7 ) P P P 3
Park (x-1) | -.2 .5 5 9 4 5 10 14 [ 10.8 P P P P
Elcectrochemical (x~2) 1 2 7 10 5 b 10 15 P 4 4 P 13 P
(x-3) .6 1 6 8 3 4 9 13 P P P ? ¥ 3
Pecrless Tube (x~-1) .5 1 3 5 ) 2 3 10 13 P 4 P 13 P 1.9
(x-2) .8 2 2 5 2 3 10 13 ) 13 P P ¥ v
(x-3) .9 2 2 4 2 2 9 11 P 3 P P ¥ P
Pennwa it (x-1) 34 55 159 309 100 275 266 541 P 19.8 1.03 P v )
x-2) | 27 45 146 298 149 273 246 519 P 16.3 1.11 P P 3
x-» | 20 37 125 247 90 216 222 438 P 12.1 ) P P
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TABLE I1I-4

(continued)
Name of
Firm Ycarl’ N1 cr QA ca CL T N TA NPA/TAZI CP/'”.I/ 'l'l‘/m#-l:, L'URNA'Ié/ QN/\TEI NI/TAZ/

Peanzoil (x-1) 107 215 297 445 247 1453 573 2026 P 14.8 F 1.80 1.20 2.7

(x-2) 128 218 218 338 146 1281 515 1798 P 17,0 F P P 14

. (x-3) 84 155 245 23 228 1135 628 1762 | 4 13.7 1.81 F 1.07 P

Phelps Dodge (x-1) 71 106 145 336 189 759 893 1652 P 13.9 4 1.78 F 4

(x-2 122 158 121 324 231 601 892 1493 P P P F ¥ P

(x-3} | 109 145 229 362 145 454 815 1269 P P P 3 P 14

Pgh-Des Moines (x-1) 4 7 62 13 48 56 39 96 20,6 1.7 1.42 1.51 4 P
Steel (x-2) 2 4 58 73 51 59 36 95 F F 1.64 F 1.14 2.0
(x-3) 3 5 49 57 42 43 35 78 20.6 10.9 1.23 F 1.17 3.5

e a -~

rictsburgh (x~1) 9 12 25 52 26 42 |- 42 84 F P 1.00 P [4 3
Forgings (x-2) 3 6 24 52 31 42 36, 78 F 13.8 1.18 1.68 F 3.5
(x-3) 2 S 16 37 18 30 32 62 F 18,2 P P ¥ 3.9

Plaat (x-1) 2 5 1l 20 13 33 16 48 P LS.l F ¥ F 13
Todustries (x-2) 1 4 10 18 16 28 16 44 P 12.4 1,81 F ¥ 3.2
(x-3) 1 3 8 16 1 20 16 36 P 13.5 1.28 F F 3.1

} Porcee (x-1) 6 7 18 4l il 22 35 56 25.3 P P P P 4

(x-2) 5 6 17 44 18 28 29 57 21.1 P P P ¥ 4

; (x-3) 2 4 8 27 10 19 24 43 27.9 18.9 3 P ¥ P

j Redman (x-1) ~-23 -22 22 13 20 89 11 100 ¥ F ¥ 1.68 1.13 F

lodustvies (x-2 -24 =22 22 i3 20 89 11 101 ¥ F F 1.65 t.10 ¥

(x-3) | -15 -13 31 45 39 110 35 146 ¥ F F 3 F
Republic Steel (x-1) 72 157 282 614 269 792 1279 2071 3 19.8 P P 1.05 3.5

{x~-2) 171 252 502 759 409 810 1232 2042 L P P 1.86 4 P

(x-3) 87 166 352 613 333 155 1107 1862 3 P P 1.84 .06 P

Kevere Copper (x-1) ] -31 ~15 64 189 88 321 137 458 P F F 3 PoF F
& Brass (x-2) 17 34 61 194 83 329 170 499 P 10.4 1.94 [ 4 ¥ -3.4

(x-3) 19 84 173 84 333 153 486 P F F [ 1.01 ¥

Reyuolds Metals (x-1) 60 133 294 845 292 1373 831 2204 [ 4 1.65 4 1.01 13

(x-2) | )11 188 399 902 340 1525 799 2324 P 12.3 1.91 P .17 P
(x-3) 45 120 221 nz 250 1409 709 2118 |3 F 1.99 P (3 2.1

Roblln Todustedies | (x-1) 2 5 2} 31 13 36 18 54 28.0 12.8 1.97 P 4 [

(x-2) 5 7 20 32 14 38 17 55 28.3 17.2 F 4 P P

(x-3) -3 -2 21 37 i8 49 13 6L 26.0 F F 1.99 1.14 ¥

Rusco Industries (x-1) o I 9 21 9 22 7 30 24.3 ¥ ¥ [3 1.0t ¥

(x-2) .2 1 10 22 9 24 ? 32 24.1 2 F P 1.07 ¥
(x~3) .9 2 10 19 9 22 ? 29 26.2 F ¥ P 1.05 3.1

Scasun-AlL {(x-1) .8 1 4 8 4 6 6 12 | 4 20.0 1.05 P 1.1 P

Industrics (x~2) .8 1 3 7 3 [3 S 12 4 16.7 1.21 3 ¥ P

(x~3) .6 1 3 6 3 5 5 10 P 19.6 1.11 1.84 F 13
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TABLE III-4

(continued)-
Nane of Y] : 2/ Y 4l s/ 6/ |y ral/
Firm Year— NI CF Qa ca CL 1 NW TA NFA/TAR | crsTiAT | orn /e currAT=" | Qrar2’ | nisrat
Sharon Steel {(x~1) 15 25 89 146 56 96 182 278 P P 1 4 P P P
(x-2) | 47 58 140 189 86 137 171 308 P 3 e 13 ¢ P
(x-1) 12 22 62 106 49 89 127 216 3 P P P P P
Signal Companies (x-1) -1 78 485 1149 443 1058 808 1866 21.5 F 1.31 4 1.09 2.2
! ' (x-2) | 176 201 464 | 1018 403 747 786 | 1533 F 3 3 P 1.15 P
(x-3. 1 59 80 254 | 684 213 672 086 | 1358 ¥ 11,9 P ¢ F v
Signode (x-1) : 17 BV 70 157 39 99 174 m |l e P P P Do P
Corporation (x-2) . 24 9 69 165 54 115 164 279 | 27.8 P P P ©p P
1 (x-3) | 22 35 5 127 39 100 146 247 27.2 P 3 e | v
{se. Jou (x-1) | 82 113 126 200 107 ¢ 195 61 | 556 | P P P { 1.87 1.8 I3
Minerals T(x-2) © 89 13 146 190 1ne 197 299 . 496 '3 P P 1.60 P P
: S (x-3) 38 56 82 112 65 | 151 229 | 380 P P P 1.72 ¢ ¥
'i Standard D x-1) 2 2 10 20 10 19 ie . ow Y 220 ¥ 1.3+ 1,99 1 F P
! Alljance x-2) | 3 3 13 25 12 22 13 5 315 J ¥ 1.2 1,76 . 1,99 | 1.0l P
: (x-3) 2 2 12 2| nl 2 ni a2 | r 1.3 1,99 |10 r
~ N . = B = — B R y
i Std. Pressed (x-1) 2 8 26 80 27§ s6 75 1 P 13.8 [3 ? POF F
| steel (x~2) 12 16 37 98 ) n 75 146 P P P ' P . P
: | (=) 7 12 27 12 34 54 66 120 13 3 3 P o P
'rSunbcam -1 | 23 38 199 466 213 340 267 607 ¥ 11.2 1.27 P ¥ 3.8
! Corporation (x-2) 1 45 188 198 198 272 256 528 F 16.4 1.06 P iF P
i (x-3) | 28 41 152 322 126 | 207 237 | 444 ¥ 19.7 P P P P
;
" Sunshine (x-1) 4 5 26 6 9 n | 27 58 21.8 16.8 1 1.15 P P ¥
i Mining (x-2) s 6 21 6 1 34 25 59 20,8 [17.9 | 1,33 ) P P
: (x-3) 3 4 24 32 |- 9 30 23 53 20,4 - | 141 | 1.28 v P P
Synalioy (x-1) 3 3 9 20 6 12 17 | 30 22,3 P P P P v
(x-2) 2 2 8 20 8 15 15 30 22,7 15.4 3 P 1.04 P
(x-1) .9 2 6 16 5 13 4 26 26.5 13,6 e P P v
Tennessee ] x-D) 1 2 7 17 8 29 13 42 P F F P ¥ 3.1
Forging (x-2) 4 .6 9 17 13 24 i1 35 P [ 4 £ F F [
(x-1) 1 2 4 7 6 13 5 18 P 15.3 F F ¥ P
Texasgulf (x-1) | 103 129 118 w1 | 105 827 628 | 1155 P P P P 1.12 P
(x-2) | 147 188 229 327 4 142 417 560 977 P 3 P P P P
(x=3) | 74 109 103 182 | 68 336 440 776 P P 3 P P P
— ! . -
U.5. Reduction (x-1) 8 10 14 28 16 19 25 44 13 P P 1.78 v ¢
Company {x-2) B8 10 22 73 23 29 17 46 2,52 P 1,69 F F P
(x-3) 1 3 8 18 12 19 9 28 P 13.5 ¥ ¥ F P
dcah (x-1) | 12 160 118 193 176 505 sal { 1046 I 3 P £ ¥ e
Taternational (x-2) 97 135 80 132 118 461 448 909 P P 1.03 F F P
(x-3) | 55 91 60 110 - 84 428 180 828 v e 1.13 ¥ ¥ P
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TABLE TII-4

(concluded)
Name: of vl - 2/ Y, 4 5/ [, 1/
Firm Year— NI CF 0A CA cr. TL NW TA NFa/tas | cr/m=t /e currat>’ | gra12’ | NpsAS
valley Iadustries] (x-1) 15 16 20 54 18 22 41 66 ¥ P 1.95 3 1.12 P
(x-2) 25 26 53 7 49 54 27 81 F P 1.97 F 1.08 P
(x-3) 5 6 17 n 16 26 14 40 21.1 13 1.82 1.98 1.1 P
Van Dorn (x-1) 3 6 21 46 12 18 32 69 P 14.9 1,18 P ¥ 4,0
Cowpany (x-2) 4 7 13 43 12 36 30 66 P 18,9 1.20 P 1.12 P
(x-3) 4 6 24 46 16 40 27 68 e 16.0 1.48 4 e 3
Vulcan (x-1) 28 51 73 120 40 153 173 326 P P P P P P
Materials (x~2) 3o 60 61 105 52 120 157 277 P P P 13 1,17 P
(x-3) 23 42 63 93 19 96 143 239 r P P P e P
Washington (x-1) 3 3 1l 26 27 35 62 [ 4 12,5 P I P b s P
Steel (x-2) 6 6 13 26 11 19 33 52 P 14 P | p | 1.20 [3
(x-3) 4 4 14 26 8 15 29 44 P P P P L P P
Wheeling- (x-1) .6 3 148 258 116 31 165 676 P F P I3 P ¥
Pictsburgh (x-2) 7 102 223 347 199 151 m 722 P P P 1.74 112 P
(x-7) 7 37 133 258 123 304 302 606 P 12.1 1.01 P 1.08 F
Youngstown (x-1) 1 2 n 20 [ 14 24 38 P 15.6 | 4 | 4 P 2.6
Steel Door (x-2) 3 4 10 23 8 17 24 41 P P P 3 P P
P (x-3) 2 3 1l 20 6 15 23 37 |3 19.9 P P 14 P
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TABLE ITI-5

FINANCLAL DATA FOR FIRMS 1IN THE HOLDOUT BANKRUPT SAMPLLE

N"l_‘.“fr:f Year NI CF VA CA L. T NW || neareal? Verrni | virne ¥ connar &/ qrar 2/
Acme-Hamilton Mip. 1977(x-1) NA NA Na NA NA NA NA NA NA NA HA HA NA
1976 (x-2) -0.9 -0.4 5.1 11.2 9.0 15.3 4.3 19.6 | SN F ¥ ¥ F
1975(x-3) 0.1 0.5 4.0 10.4 7.3 13.0 5.2 18,2 P ¥ ¥ F .
Acrodex 1975(x-1) NA NA NA NA MA NA NA NA NA NA HA NA NA
1974 (x-2) . 006 0.6 2.5 8.8 6.5 13.4 0.9 14.3 F ¥ ¥ ¥ F
1973(x-3) 0.3 1.0 5.2 11.2 7.8 15.8 0.8 16.6 22.9 F ¥ F F
AIM Companies 1970(x-1) -2.9 NA 4.1 13.4 9.6 19.6 6.9 26.5 2,7 NA ¥ 13 F
1969(x-2) 1.3 2,) 4.6 8.5 4.0 10.6 7.6 18.2 25,6 19.8 1.39 3 1.15
1968 (x-3) -1.1 -0.6 4.5 8.5 4.5 14.2 6.4 - 20.6 24.8 F F 1.89 1.00
Capcehare Corporation 1974(x-1) -4.0 -2.17 14.5 41.0 43.1 313.9 7.1 41.0 F ¥ ¥ F F
1973(x-2) 3.2 3.9 15.2 39.0 32.9 39.3 1.1 50.4 F F ¥ F ¥
1972(x~3) 1.8 2.3 8.6 14.1 1.9 10.1 7.9 18.0 F P 1.28 1.78 1.09
Commodore Corporation 1973(x~1) 1.1 1.9 17.0 26.6 21.4 37.1 9.8 46.9 F F F F F
1972(x-2) 0.8 1.6 13.6 20.4 14.2 29.9 8.6 38.5 F F ¥ F F
1971 (x-3) -3.0 -2.2 9.3 17.3 12.0 27.0 9.4 36.4 F F F F F
Communwealeh 011 1977(x-1) -18.0 --6.1 129.0 232.6 401.9 409.1 127.5 536.6 [ 4 F 3 F F
Refinlng 1976 (x-2) -32.1 -19.8 110.0 248.2 221.2 420.9 145.2 566.1 | 4 F F F F
1975(x~3) ~24.2 -13.3 151.0 252.6 208.5 394.2 179.3 573.5 P F F F F
Dynamics Corporation 1971(x-1) -6.3 -4.3 43.3 63.7 39.8 29.9 50.0 79.9 F F P 1.60 1.09
1970(x-2) -9.9 -7.4 51,1 80.9 51.7 26.7 73.9 100.6 F F 4 1.56 F
1969 (x-3) 2.3 4.3 51.6 82.0  40.9 63.7 37.1 100.8 F F 1.72 i 1.26
Ecologlcal Science 1969 (x-1) 2.8 3.6 18.4 26.8 16.9 66.1 22.7 88.8 [ 4 ¥ F 1.59 1.09
: 1968 (x-2) 2.5 3.0 13.5 18.1 7.9 37.6 16.2 53.8 P F ¥ 4 P
1967 (x-13) 0 0.3 3.1 3.5 1.2 20.6 7.3 27.9 P F F P 4
tlcor Chemical 1970(x~1) -39.5 -38.6 2.9 2.9 11.4 43.5 -32.0 11.5 [ 4 F ¥ F F
1969 (x-2) -8.8 -71.4 6.7 8.2 i1.6 53.9 6.5 60.4 P ¥ ¥ F F
1968(x-3) -4.7 NA 9.7 11.5 12.4 62.7 3.9 66.6 P NA 3 F F
Electrospace 1972(x-1) 1.8 4.0 NA 33.9 19.4 30.5 13.8 44.3 F 13.1 F 1.75 F
1971(x-2) 2,0 2.5 11.1 30.1 18,3 29.7 11.9 41.6 F F ¥ 1.64 F
1970(x-3) 0.9 1.2 8.1 27,1 5.8 27.0 10,1 37.1 F ¥ ¥ 1.72 F
DL, lac. 1977(x~1) 1.6 3.6 23.7 36.3 14.0 44.2 10.8 55.0 F [ 4 F 4 P
1976(x-2) 0.8 2.9 21.8 31.7 12.7 40.3 10.4 50.7 F F ¥ | 4 P
1975(x~3) -8.7 -7.8 21.2 33.8 15.9 44.4 9.8 54.2 20.7 F ¥ P 4
Garcia Corporation 1927(x~1) -10.0 -7.6 28.5 61.9 55.7 68.7 12.1 80,8 F F F F F
1977(x-2) -4.5 -2.4 33.0 61,0 46.5 59.8 22.1 81.9 F F F F F
1975(x-3) 0.3 2.2 40.4 5.7 60.0 68.6 26.7 95.3 F | 4 F F F
V2. .,
=P 2 30.0 (passes all tests); F < 20.0 (faily all testes)
yl’ > 20.0 (passcy all tests); F < 10.0 (fails al) ceses)
—"P < 1.0 (passes all tests); F > 2.0 (fails all tests)
é'II’ > 2.0 (passes all tests); F < 1.5 (falls all tests)
2/l’ > 3.2 (passes sl testw); F < 1.0 (falls all tests)
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TABLE TI1-5

(concluded)
N M ) T 7 . T
ame o ’

Firw Year NI CF Qa CA cL TIL NW TA HFA/TA—U (:l»‘/‘l'l.y 'l‘l./uu!/ cunuar?’ QRA’I'-SI
IR et s - BN DRSNS PR
CRT Corporatfon 1978(x~1) 0 .8 14,1 18.7 15.6 18.2 5.6 23.8 F F F ¥ F

1977(x-2) 1.5 2.2 14.4 18.3 14.7 16.4 6.1 22.5 F F ¥ F ¥
1976(x-3) -0.7 -0.1 11.2 13.5 1L.5 13.9 2.9 16.9 F F F ¥ £
Leisure  Group, Tone, 1970(x-1) | -31.4 -29.8 3.4 32,6 26.7 40.9 12,9 58.8 ¥ F F ¥ ¥
1969(x~2) 0.2 1.0 31.9 51.0 39.4 58,9 33.2 92,1} F ¥ 1.77 ¥ F
1968(x-3) 1.7 2.3 1.9 30.6 21.2 39.0 14,0 $3.0 F F F ¥ F
Muister Braa 1970(x~1) -1.9 -0,7 4.1 9.2 9.0 25.8 6.1 31.9 P F ¥ ¥ F
1969(x-2) 0.1 1.0 4.3 8.3 6.0 16.1 8.2 24.3 P F 1.96 F F
1968(x-3) 0.2 1.1 2.7 5.4 2.9 12.9 1.5 20.4 P F 1.72 1.86 F
Potter lnstrumeats 1974(x-1) -11.4 NA 7.3 25.1 36.3 39.3 4.5 43,8 F NA ¥ ¥ ¥
1973(x~2) -2.2 3.4 10.6 36.2 27,2 44.3 15.9 60.2 | 4 F 3 ¥ F
1972(x-3) -13.1 -8.6 10.3 32,5 17.9 39.1 18.2 57.3 4 F ¥ 1.82 F
- - —- —
R®. Hoe 1968(x-1) 2.0 2.9 22.9 32,3 26.1 30.6 22.6 53.2 24.2 F 1.35 F F
1967(x-2) 2,4 3.0 18.3 |- 24.9 15,4 18,1 18.5 36.6 23,4 16.6 P 1.62 1.19
1966(x-3) 1.3 1.7 12.3 17.1 12,1 T 1401 11.8 25.9 25.1 12,1 1. 19 ¥ 1.02
Sitkin 1977(x-1) -0.3 0.2 7.6 18.4 15.4 16.8 4.4 2).2 F F F ¥ F
. 1976(x-2) -0.9 -0.5 3.2 14.0 1.1 13.1 5.2 18,3 F F F F F
1975(x-3) 0.1 0.5 11,4 20,1 15.3 19.1 5.1 24.2 F F F F ¥
THA Co. 1970(x-1) -1.3 -1,2 0.7 3.2 1.2 2.8 0.7 3.5 P ¥ F F P F
1969(x-2) -1.7 ~1.6 1.2 5.5 1.8 1.5 2.4 5.9 F F 1.46 P F
1968(x-3) -0.1 0 2.3 5.1 1.4 3.6 2.2 5.8 F F 1.64 P v
Transogram 1970(x~1) NA NA NA NA NA NA NA NA NA NA NA NA NA
1969(x-2) 0.2 0.5 7.4 12.1 8.2 16.7 4.8 21.5 24.3 ¥ F F F
1968(x-3) -3.2 -3.0 5.7 9.7 1.6 10.2 1.5 11.7 [ 4 ¥ F F ¥
Wilcox-Cibbs 1976(x-1) NA NA NA NA NA NA NA NA NA NA NA NA Na
1975(x-2) | -11.5 -10.8 10.7 42.4 17.3 51.4 8.1 59,5 ¥ 4 F F ¥
1974(x-3) -1.5 -0.9 16.3 48.6 28.6 41.7 20.0 61.7 [ F F 1.70 F
Roberts Company 1969(x~1) HA NA NA NA HA HA NA NA NA NA HA HA Na
1968(x-2) 0.5 1.3 1.8 23.4 15.3 24.6 12.2 16.8 21.9 F ¥ 1.53 F
1967 (x-13) 1.5 2.4 6.9 16.7 10.6 20,3 7.6 27.9 “ 29.7 11.8 F 1.58 ¥
Stelber 1975(x-1) NA NA NA NA NA HA NA NA NA NA NA NA NA
1924(x-2) | -13.2 -10.5 18.5 50.0 67.1 72.1 6.3 78.4 24.8 F ¥ ¥ F
1973(x~3) 2.3 NA 15.0 45.6 36,5 53.5 14.8 68,3 26.8 F F F F
Pledmont industrics 1978(x-1) 0.4 0.8 3.5 13.9 7.1 10.3 6.4 16,7 4 ¥ 1.61 1.96 F
1977(x-2) -0.1 0.3 2.6 12.1 4.9 © 6,7 8.0 14.7 ¥ F P 4 F
1976(x-3) 1.0 1.4 2.6 12.2 4.5 8.7 6.1 14.8 ¥ 16.1 1.43 P F
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TABLE III-6

FINANCIAL DATA FOR FIRMS IN THE HOLDOUT NON-BANKRUPT SAMPLE

Nawe of p . ,
Flim yoart! N1 GF 0A cA cl. T NW TA srartad’ [errm® Vo b corrar?’ | qrar®’
Adams Millis Corp. x-1 1.7 3.8 10.0 20.3 8.8 16.6 19.0 35.4 4 P ¢ 1 4 P
x-2 -5.9 ~3.6 7.1 19.8 7.8 24.0 17.0 4.1 P F .41 P ¥
x~3 1.3 3.5 11.2 24.8 8.3 26.5 23.0 49.8 P 11.5 115 3 e
Air Pruducts & Chemicals x-1 54.2 Ju7.6 171.0 248.0 193.0 475.0 Joi.0 776.0 P 14 1.58 ¥ ¥
x-2 39.7 85.5 168.0 223.0 162.0 411.0 248.0 659.0 P ;4 1.66 ¥ 1.04
x-3 24.1 6l1.6 111.0 144.0 106.0 309.0 211.0 520.0 14 19.9 L.46 ¥ 1.05
Akzona x-1 7.9 41.3 124.0 265.0 94.0 341.0 315.0 656.0 P 12.1 1.0 P P
x~-2 33.4 63.4 99.0 258.0 80.0 joi.o 323.0 624.0 [ 4 P P 13 13
x-3 5.7 63.6 118.0 228.0 87.0 264.0 304.0 568.0 P P r P P
Amecace x-1 8.1 15.5 44.0 1.2 49.3 92.6 90.0 182.6 4 16.7 1.03 P
x-2 13.5 20.13 40.7 93.5 35.4 79.1 86.8 165.9 P 4 P r L.15
x-3 9.8 16.7 44.3 88.1 33.2 75.2 84.8 160.0 P P P P
Amcrican Petvofinag . ox-1 40.2 70.3 177.0 282.0 155.0 238.0 164.0 602.0 P 1 4 P 1.82 1.14
x-2 86.7 117.2 176.0 280.0 148.0 230.0 345.0 575.0 4 P 1.89 1.15
x-3 37.0 56.2 118.0 172.0 100.0 175.0 276.0 451.0 P e 4 1.72 1.14
Atlas Corp. x-1 3.0 4.% 2.9 21.8 21.2 25.6 27.2 52.8 P 18.8 3 ¥ F
. x-2 1.6 3.1 12.7 26.5- 17.6- -22.1 24.3. 46.4 P 14.0 P 1.50 F
x-3 -2.4 -0.8 9.9 20.8 11.8 16.0 23.1 39.1 13 F P 1.76 F
— PR, S - o
Avondale Mills x-1 4.0 11.8 40.0 66.8 32.9 35.4 74.5 109.9 4 4 e e e
x-2 6.3 14.2 49.8 74.2 41.6 43.8 74.3 118.1 3 32.4 P 1.79 1.20
x-3 8.1 16.0 38.4 65.7 33.8 36.0 70.3 106.3 P P 13 1.94 1.14
Ball Curporation x-1 14.1 23.3 58.6 129.6 71.5 122.3 102.8 225.1 P 19.0 1.19 L.81 F
x-2 9.5 18.2 40.6 105. 1 54.13 89.4 91.7 181.1 3 20.4 4 1.94 ¥
x-3 7.2 NA 35.7 75.1 33.4 64.8 84.8 149.6 P 11.1 4 |4 1.07
Belding-Heminway x-1 3.2 5.1 20.2 45.9 14.0 29.0 33.1 62,1 20.7 17.6 P 4 P
x-2 2.8 4.7 15.1 42.9 13.4 29.4 30.8 60.2 22.5 16.0 3 P 1.13
x-3 2.5 4.2 18.0 41.0 17.2 29.7 29.4 59.1 25.3 r .01 [ 4 1.05
Bory Warner x-1 44.5 87.3 253.0 590.0 244.0 504.0 689.0 1193.0 . P 17.3 p 4 1.04
x-2 50.8 93.9 245.0 688.0 264.0 615.0 670.0 1285.0 P 15.3 P 4 F
x-3 7.3 1.8 271.0 642.0 291.0 530.0 642.0 1172.0 P P 3 3 F
Buchler Corporation’ x-1 0.7 1.5 3.5 1.8 4.0 i0.5 5.3 15.8 23.0 14.3 1.98 4 F
x-2 1.1 1.9 4.5 12.7 5.1 12.3 4.6 16.9 22.0 15.4 F |4 ¥
x-3 0.9 1.7 4.5 5.4 10.4 3.5 3.9 26.0 16.13 F 1.78 F
l/Fur all flros, x-1 Is 1975, x-2 1s 1974, and x-3 ls 1973,
i’P > 30.0 (passes all tests); F < 20,0 (falls all rests)
Yy, 20,0 (pusses all tests); F < 10.0 (fadls al) ceses)
é/P < 1.0 (passcs all cests); # > 2.0 (falls atl teses)
2’? > 2.0 (passes all tests); F < 1.5 (fabls all testy)
6/

=P » 1.2 (passties all teses); F < }.0 (Falls all teses)
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TABLE IT1-6

(continued)
Nawme of —‘ . .

Firm veart! NI CF QA CA L. TI [ TA Nmmf/ cemd | ! currar2!| quar®/
SERUURIN SURUNSRSRIN SURRIDN SIS VIR SR SRR NV ORI S | e IR RS ORI S
Burl fugton x-1 39.8 132.9 485.0 853.0 237.0 671.0 895.0 1566.0 P 19.8 I3 P 3

x-2 99.5 191.7 496.0 932.0 119.0 757.0 887.0 1644.0 P 25.3 3 13 P
1-3 82.4 173.1 459.0 880.0 293.0 756.0 825.0 1581.0 ¥ 22.9 P P 3
Carcer Wallace x-1 8.4 1.1 52.7 83.0 20.5 30.9 124.3 155.2 F P 3 4 14
x-2 3.1 5.6 71.5 94.0 25.3 19.9 | n9.o 138.9 20.9 P 4 P 13
x-3 10.4 12.5 68.7 99.0 24.17 22.5 118,/ 141.2 F P P 3 P
Chewet ron x-1 30.4 46.9 99.0 190.2 54.0 161.9 209.4 371.3 T’ [ P 3 P 3
x-2 22.3 38.1 92.1 173.5 60.1 158.6 183.6 342.2 P ] 3 P P
x-3 10.4 26.1 68.5 146.3 55.4 141.4 167.4 308.8 3 18.4 p P P
Clark Ofl x-1 5.2 19.1 60.0 120.7 95.3 208.3 100.5 304. 8 13 F ¥ F F
x-2 -7.1 6.1 76.7 141.1 123.6 202.9 98.8 301.7 P F F ¥ F
x-3 30.5 43.2 B4.4 143.4 101.5 253.5 109.5 263.0 3 17.0 3 F ¥
colt (ndustries x-1 52.1 79.8 205.0 497.0 187.0 491.0 175.0 866.0 p 16.3 1.34 3 1.10
x-2 771.3 103.8 227.0 497.0 172.0 438.0 340.0 778.0 . P P 1.29 P [
x-3 26.7 52.2 205.6 422.0 139.0 396.0 275.0 671.0 [ 13.2 1.44 (8 [3
Conchenco x-1 0.3 1.3 1.1 19.3 6.8 12.3 22.5 14.8 P F P P v
x-2 1.8 2.7 11.1 26.0 11.4 19.5 22.5 42.0 27.1 13.8 13 ¢ F
x-3 1.8 2.6 10.5 21.1 7.2 15.0 21.2 36.2 29.0 17.3 p P P
Cone Hills Corp. x-1 24.2 37.8 73.5 T 162.2 51.5 96.0 177.5 273.5 p P P [ 13
x-2 15.3 27.3 78.7 163.3 65.5 95.5 156.4 241.9 P P P [ 3
x-3 9.7 21.6 81.9 162.3 67.9 102.8 145.6 248.4 P 21.0 3 P P
Crompton Co. x-1 -2.6 1.5 29.1 43,1 24,2 51.9 34.9 90.8 P F 1.33 1.81 P
x-2 0.1 2.5 22.6 34.9 1.8 42.1 41.5 83.6 [3 F 1.01 3 P
x-3 5.8 7.9 26.4 31.8 12.5 21.4 42.7 64.1 i3 P P ¥ p
Crown Ceatral x-} . 5.5 13.0 50. 6 2.7 79.0 134.6 71.7 206.3 P F 1.58 F ¥
x-2 10.2 16.6 50,0 76.9 69,1 112.2 66.2 178.4 p 14.8 1.69 F ¥
x-3 8.4 14.4 18.3 613.1 47.2 91.2 57.0 148.2 3 15.8 1.60 F F
Dahlstrom Corporation %=1 0.9 1.5 4.5 9.5 6.5 14.5 6.9 21.4 [ 10.3 ¥ F
x-2 i.8 2.2 1.5 6.0 2.8 7.6 6.0 13.6 e ¥ 1.27 P 13
x-3 -4.1 -3.5 S.4 9.1 LA 5.5 12.5 4.2 16.7 13 F ¥ 1.65
Damon Corporation x-1 1.8 4.5 52.3 73.3 20.5 44.0 62.5 106.5 25.1 10.2 1 4 4 | 4
x-2 8.1 10.7 59.0 81.0 25.3 48.9 61.8 110.2 22,4 P P v
x-3 9.7 11.9 55.5 72.1 24.7 49.4 52.7 102.1 24.4 P P P P
banlel lndustrics x-1 4.4 5.2 13.0 32.6 16.6 22.5 21.9 444 25.5 [ 1.03 1.96 F
x-2 3.0 1.6 9.6 23.9 11.4 15.6 16.9 32.5 26.2 P P ¥
x-3 1.3 1.9 7.8 16.7 8.5 9.6 14.3 23.9 29.3 19.8 P 1.96 F
Dan River lnc! x-1 -2.9 1.0 89.4 188.7 57.2 163.6 144.0 308.0 P 6.7 1.13 F ¥
x~2 7.0 19.7 79.2 198.7 76.9 166.9 148.0 315.0 P 1.8 1.13 F ¥
x-3 10.4 22.1 88.3 210.4 73.3 165.6 144.0 310.0 P 13.3 115 ¥ ¥
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TABLE 'I11-6

(continued)
Name of
Firm Yea l“/ NE C¥ QA CA Ch. T W TA NI-'A/'I'Ag/ CF/TI.’!/ 'l'L/NNé- (Illkl{:’\'l"s' th\'l"‘f/
De Sotu, fnc. x-1 2.8 9.2 32.3 15.4 51.7 64.9 70,1 |135.0 3 14.2
x-2 0.6 6.5 32.0 87.5 62.2 5.7 69.2 144.9 P F
x-3 8.3 13.9 31.3 97.0 62.4 74.8 72.0 146.8 4 18.6 .5
Diversa x-1 4.0 6.4 23.4 15.6 21.5 31.3 22.6 | 55.9 2.5 19.2 . 1.66
x-2 3.6 5.5 18.7 32.2 21.9 31.2 19.5 50.7 23.5 17.6 1.6 3 F
x-3 2.5 4.1 16.0 24.6 14.5 23.0 16.7 39.7 22.4 17.8 1.38 1.7 1.1
Eagle-Picher x-1 18.7 27.8 4.9 131.1 41.5 8).8 136.9 218.7 P P 4 14 P
x-2 18.0 27.2 60.0 129.0 46.7 . 88.5 124.0 212.5 P P 3 [ 4 P
x-3 14.8 23.4 57.1 111.2 38.4 81.0 1111 {192.1 P [ 4 3 P 3
Elcory Chemical Cocp. x~1 5.2 6.1 15.9 16.7 9.2 4.7 12.2 26.9 [ 14 L.21 1.82 P
x=-2 2.5 3.1 9.3 10.0 7.0 14.2 7.0 21.2 23.3 P F 3 ¥
x- . . 2. 12, 10, 1. . 22, F 3 [
B 3 0.4 0.8 2.0 2.3 0.4 21.2 4.6 26.3 22.8 F ¥
Emcry fudusteies x-1 10.7 15.2 35.8 61.8 23.6 6l.4 81.7 143.) 4 4 P 3 r
x-2 10.2 14.7 30.5 52.1 21.2. 49.1 4.3 1123.4 4 [ 4 P 3 [
x-3 7.0 11.1 26.7 45.17 13.7 40.8 67.4 1108.2 P |13 3 3
ELhyl Curp. x-1 61.0 103.3 246.0 371.0 105.0 440.0 436.0 -876.0 P | 4 1.0t P 4
’ x-2 74.3 113.1 179.0 328.0 128.0 383.0 400.0 783.0 P P P 4 4
x-1 52.9 85.3 274.0 365.0 95.0 348.0 348.0 691.0 P P 1.00 [ P
e e e JE S . -} ] — JRUE IS SRR
Fab Ind. x-1 2.1 3.3 . 15.2 24.7 24.7 10.2 4.6 19.8 [ 4 32.4 14 4 P
x-2 0.9 2.0 9.9 20.5 6.2 11.7 17.8 29.5 P 17.1 3 P P
x-3 1.9 3.0 10.5 19.7 6.5 11.9 17.2 29.1 [ 4 P P P 14
Fairwout Chcmical x-1 0.3 u.5 .4 2.9 0.5 o 0.7 4.0 4.7 27.6 P 4 3 I3
x-2 1.1 1.3 2.6 4.2 1.8 2.1 3.8 5.9 20,3 P 4 ¥ 3
x-3 0.2 0.5 1.3 2.4 0.7 1.1 2.8 3.9 P e P P
Fervro x-1 15.2 21.8 84.7 139.48 9%.7 88.0 126.3 212.3 29.9 P [ v P
x-2 19.9 25.9 77.3 147.3 69.9 101.4 115.1 216.95 27.6 P r 3 1.11
x-3 15.9 2.1 73.3 121.6 54.1 86.1 49.4 185.5 28.8 P P 14
Filtrol x-1 5.5 7.6 17.06 26.0 9.9 28.6 3.8 60.4 e P P r
x=2 4. 4 5.6 13.6 20.0 6.2 24.4 27.9 52.13 P 1 4 14 13 P
x-3 3.1 3.6 22.0 25.2 5.0 5.0 26.1 31.1 3 P 3 [4
Fuute Mineral Co. x-1 9.8 14.8 18.7 49.8 15.8 52.4 74.4 126.8 L4 P P P 1.18
x-2 1.3 15.6 26.7 45.2 21.3 26.7 67.2 93.9 [ [ P P [ 4
x-3 2.8 6.9 24.0 45.0 19.1 29.5 58.7 88.2 ¢ P 13 v 4
Forest Laboratories x-1 0.7 0.8 2.9 4.5 0.7 0.8 5.2 6.0 F P 3 P
x-2 -4.8 -4.6 4.1 5.4 2.5 2.6 4.4 7.0 F F P P P
x-3 -1.0 -0.5 5.1 6.4 2.3 2.5 9.1 11.6 ¥ F 4 P
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TABLE TII-6

(concluded)
Nume of .
Firm Yeu I‘l’ NI CF¥ QA CA CL TL (4 TA NFA/'I'AI-’ CE/ Tl;gl L/ NH:/ CUR l(:\'l'il QR:\T‘QI
Gulf Resources & x-1 28.7 40.7 80.6 135.9 63.1 158.9 118.4 277.3 P P 1.34 [3 [
Chewical x-2 36.2 43.7 9.0 111.0 46.6 142.3 76.1 218.4 P P 1.87 P P
x~3 7.4 12.7 36.9 63.4 24.3 102.6 41.7 144.3 P 12.4 ¥ P |4
-~ - e — ) E—
Haudy & Narman x-1 12, 15.7 56.6 1.5 59.6 90.1 56.4 146.5 21.6 17.4 1.60 1.87 F
x=2 12.2 14.8 54.5 127.0 82.0 111.9 45.4 157.2 F 13.2 F 1.55 ¥
x-3 5.4 7.8 50.1 100.7 72.0 92.4 35.1 127.5 F ¥ F F ¥
Hunt Chemlical Corp. x-1 3. NA 9.0 28.9 6.5 6.5 8.7 45.2 4 P '3 [ 4 | 4
x-2 6 NA 18.0 26.9 6.9 6.9 36.7 43.6 P P v [ 4 | 4
x~3 6 NA 15.2 24.4 5.6 5.6 32.1 37.7 |3 P 3 P P
Hydrometals, Inc. x-1 3.4 4.8 14.4 50.2 14.3 28.1 33.2 61.3 F 17.1 |14 [ 4 1.0l
x-2 3.7 5.2 12.8 52.2 18.7 34.1 29.7 63.8 F 15,2 1.15 3 ¥
x-3 3.0 4.5 15.3 45.8 13.8 30.0 26.5 56.5 F 15.0 1.13 3 1.11
Jim Walter x-1 69.3 98.4 618.0 833.0 519.0 875.0 432.0 [1309.0 [ 4 11.2 ¥ 1.60 1.19
x-2 62.9 88.6 618.0 824.0 627.0 862.0 398.0 [1260.0 P 10.3 F F ¥
x~3 53.6 76.2 528.0 693.0 498.0 7131.0 351.0 {1082.0 P 10.4 ¥ F 1.06
Youngstown Sheet & x-1 40.9 105.2 208.0 471.0 250.0 546.0 713.0 J1259.0 e 19.3 r 1.88 ¥
Tube x-2 96.4 156.8 339.0 520.0 304.0 560.0 692.0 }1252.0 P 4 4 1.71 1.12
x-3 43.3 97.9 251.0 199.0 198.0 561.0 664.0 [1125.0 | 4 17.4 3 . P [3




IV. EVALUATION CRITERIA AND DEVELOfMENT OF RATIO TESTS

All test alternatives were initially evaluated against both the
primary non-bankrupt and bankrupt samples. In this evaluation the
Agency assumed that a firm would havejto meet the financial criteria
required by a test for its most recent fiscal year in order to pass the
test (i.e., .a one~year eligibility requirement). The seven financial
ratios selected for detailed analysis were first individually tested;
for each ratio examined sevéral different pass-fail cutoff points were
investigated. The most promising individual ratio tests were then
combined into a series bf 120 two-raﬁio tests (a firm must pass both
ratio elements to pass), three-ratio tests (a firm must pass all ratio
elements to fass), and contingent three—ratio'tests (a firm wmust pass
two of chfee ratio -elements to pass). |

To further validate whether these tests represent the most effec-
tive indicators of future firm viability, the Agency perfofmed a
supplementary analysis. . Other financial variables> identified in the
preliminary literature review but not included in the set of 120 tests
were evaluated against a subset of 32 non-bankrupt and 12 bankrupt firms
from the primary sample that had proven particularly difficult to
‘classify. The ratio that performed best in this supplementary analysis,
net fixed assets/total assets, was then combined with the other candi-
date financial ratios, and 31 additional three- and four-ratio tests
were evaluated.

All ratio tests were examined with two variants: a one-year eligi-

bility requirement and a three-year eligibility requirement. The former
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requires that a firm meet the requirements of a financial test based on
its most recent annual report in order to pass the test. The latter
requires that a firm meet the réquirements of a financiai test based on
its three most recent annuai reports in order to pass the test.

A. Evaluation Criteria

Five evaluation criteria have been developed to assist the Agency
in comparing the test results. These measures are defined and described
below.

(1) Ayg represents the percentage of sampled non-bankrupt firms
that pass a given test. For tests with a one-year eligibility require-
ment, Ayp is measured as the percentage of firms in the non-bankrupt
firm sample which passed the test in the year 1975. For tests with a
three-year eligibility tequirément, Ayp is measured as the percentage of
firms in the non—bankrupt firm sample which passed the test for all of
the years 1973-1975.

Because the non-bankrupt firm sample created for this analysis is
composed of companies from industry categories which are most likely to
have on-site treatment, storage and/or disposal facilities requiring
financial assurance, and contains a represencative sample of firms from
all size classes, the Agency believes that the Ayy results can be used
as a reasonable surrogate measure of the overall percentage bf viable
firms that would‘be able to pass a financial test. Therefore; tests
which have a very low Ayp will generate large privace sector expendi-
tures, because mény viable firms will be required to establish alter-
native forms of financial assurarice, Alternatively, tests with a high

Ayg will result in low private costs of complying with RCRA.
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- (2) M represents the percentage of sampled bankrupt firms which
‘ would fail a giVen financial test with insufficient time remaining prior
to bankruptcy to ensure that alternative financial hechanisms are avail-
able for facility closure, post-closure, and liability requirements.

| Because firms in financial diétresS'often suffer a rapid deterio-
ration in their 1liquid asséts in the two to three years prior to bank-
ruptcy, and because of possible delays in enforcement and litigation,
the Agency has concluded that a one-year lead time would not be suffi-
cient to guarantee that sufficient funds would be availaﬁle to cover the
costs of closure, post-closure, and liability requirements. Three
different assumptions as to what constituted "sufficient lead time" were
analyzed by the Agency: |

Best case - If a test fails a firmkat least two years prior to

bankruptcy, there will still be sufficient time to ensure the

funding of alternative mechanismsg for tﬁis case the value of

M is designated as Mg. \

Worst case — If a test fails a firm at least three years prior

to bankruptcy, there will still be sufficient time to ensure

the funding of alternative mechanisms; for this case the value

of M is designated as My. : !

Most probable case - All firms that are first eliminated by a

test three years prior to bankfu?tcybwill provide alternative
financial assurance. One-half of the firms that are first
eliminated twq years prior to bankruptcy will provide alterna-
tive financial assurance. Fo? this case the value of M is

designated as Mp.
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The implications of all three of these assumptions on the inter-
pretation of possible classification results are presented in Table IV-
l. Althouegh tﬁe posibility of injunctive relief under Section 7003 of
RCRA might render all three of thése assumptions conservative estimates,
the Agency has decided to use the "most probable casef definition of
lead time regquirements. Qggi. Hazardous Waste Section, Land and Natural -

Resources Division, United States Department of Justice, Annual Revort

(Octobér 1980.)

(3) C represents the percentage of sampled bankrupt firms that
fail a financial test with sufficient time remaining prior to bankruptcey
to ensure that alternative financial mechanisms are available for
facility clpsure, post—closufe,‘and liability requirements. C is thus.
measured as:

C =100 - Mp

(4) D reoresents the difference between the percentage of non-
bankrupt firms passing a test and the percentage of bankrupt firms
passing the test, and is called Ehe fdiscriminatinz Dowerf of a test. D
is calculated according to the formuia:

D= Ayp - My
The higher the b score, the better the test discriminates between bank-
rupt and non-bankrupt firms. A test teceiving a D score of 100 would
perfectly discriminate between bankrupt and non-bankrupt firms, passine
all noun-bankrupt firms and failiné all bankrupt firms. A D score of
zero would indicate that the same percentage of bankrupt firms pass a
test as non-bankrupt firms, suggesting ;hat the test does not discrim~-

inate between bankruot and non-bankruot firms. A negative D score

indicates that more bankrupt firms pass a test than non-bankrupt firms.
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TABLE 1IV-1

ESTIMATED PROBABILITY THAT A FIRM WILL NOT SET
FOR VARIOUS PATTERNS OF PASSING AND

UP ALTERNATIVE FINANCIAL MECHANISMS
FAILING FINANCIAL TESTS

Test Resultl, Worst Case Most‘Probable Case Best Case
Probability|Probability|Probability|Probability|Probability|Probability
1 Year 2 Years 3 Years for for for for for for
Prior to Prior to Prior to One-Year Three-Year One-Year Three-Year One-Year Three—~Year
Bankruptcy |Bankruptcy |Bankruptcy|[Eligibilicvy|Eligibility{Eligibility|Eligibility|Eligibility]Eligibility
Requirement |Requirement { Requirement |Requirement |Requirement {Requirement
P P P 1.0 1.0 1.0 1.0 1.0 1.0
P P F 1.0 0 1.0 0 1.0 0
P F P 1.0 1.0 1.0 .5 1.0 0
P F F ‘ 1.0 0 1.0 0 1.0 0
F P P 1.0 1.0 1.0 1.0 1.0 1.0
F P F 1.0 0 1.0 . 0 1.0 0
F F P 1.0 1.0 .5 .5 0 0
F F F 0 0 0 0 0 0

1/

P = Passes Test; F = Falls Test.




(5) E represents the number of firms per 10,000 which pass a given
financial test and will enter bankruptcy without providing alternative
financial assurances. E, like.M, can be calculated for three different
assumpticns as to what constitutes sufficient lead time.

Best case - If a test fails a firm at least two years érior to
bankruptcy, there will still be sufficient time to ensure the
funding of alternative mechanisms; for this case the value of
E is designated as Eg.

Worst case - If a test fails a firm at least three years prior
to bankruptcy; there will still be sufficient time to ensure

the funding of alternative mechanisms; .for this case the value
of E is designated as Ey.

Most probable case — All firms that are first eliminated by a

test three years prior to bankruptcy will provide alternative
financial assurance. One-half of the firms that aré first
eliminated two years prior to bankruptcy will provide alter-
native financial assurance. For this case, the value of E is
designated as EP'

Ep is used for most analytic purposes. A detailed formula for Ep, as

noted in Section I, is:

Ep -
P AT R Agg) ¥ (F X 1)

However, because of the very small values of F, a less complicated
formula approximates this completely correct measure with an error of
less than | percent for all tests examined. Ep 1s therefore calculated
as:
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Fx M
EP = P
ANB

B. Development of Ratio Tests

1. Evaluation of Single Ratio Tests

Each ratio listed in Section. III.C.4 was tested against the primary
bankrupt and non-bankrupt samples. Several pass-fail cutoff points were
analyzed for each ratio since the midpoint values used in the historical
literature often vary widely between studies. These single-ratio tests
are summarized in Table IV-2,

In choo;ing ratios and cutoff points to employ in further tests,
the Agency did not use the same sample as it used in the rest of this
study. As néted in Section III, a larger primary sample which countained
retail firms was eﬁployed-in the earlier phases of this study. The
evaluations of individual ratios and cutoff points shown in Table IV-2
were conducted using this larger sample and are reported in terms of
that larger sample 1nAchis Section. This sample consisted of 60 bank-
rupt firms and 147 non bankrupt firms. M and C were evaluated using a
three-year eligibility assumption, whereas ANB was evaluated using a
one-year eligibility assumption. However, results for the tests
presented in Sections V ana VIII are derived from the sample with retail
firms removed.

As Table IV-2 illustrates, the cash flow/total liability ratio is
the most significantly predictive single ratio, attaining the two
highest D scores, the three highest C scores, and the four highest E
ratings (i.e., the lowest number of firms per 10,000 that will fail

without providing alternative financial assurance). The margins of

i
Y
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TABLE IV-2

PERFORMANCE OF SINGLE-RATIO TESTSY/

Test 2 27 3/ 2/ 4/ o 4/

Description . P R T e
i

CF/TL > .05 30.4 | 58.9 | 88.5 || 55.3 | 29.6 | 11.1
CF/TL > .1 12.5 | 32.1 | 83.8 || 77.7% | 51.7% | 5.9%
CF/TL > .15 5.4 1 17.9 | 69.9 || 88.3% | 52.0% | 3.7%
CF/TL > .2 5.4 8.9 | 52,0 || 92.8%| 43.1% | 3.0%
CF/TL > .3 5.4 3.6 | 26.5 || 95.5%| 20.9 | 4.0%
TL/NW < 3.0 61.7 | 81.7 | 96.0 || 28.3 | 14.3 | 16.4
TL/NW < 2.0 35.0 | 61.7 | 90.7 || 51.7 | 29.0 | 11.7
TL/NW < 1.5 26.7 | 41.7 | 83.4 || 65.8 | 41.7% | 9.0%
TL/NW < 1.2 16.7 | 31.7 | 67.5 || 75.8%| 35.8 7.9%
TL/NW 1.0 11.7 | 25.0 | 60.9 || 81.6%} 35.9 6.6%
NI/TA > 0 50.0 | 68.3 | 92.1 | 40.9 | 23.8 | 14.1
NI/TA > .02 21.7 | 43.3 | 83.4 || 67.5 | 40.1% | 8.6%
NI/TA > .04 11.6 | 31.6 | 72.8 || 78.4%| 41.2 6.5%
NWK/TA > O 83.3 | 90.0 |100.0 || 13.3 | 10.0 | 19
NWK/TA > .2 46.7 | 60.0 | 74.8 || 46.6 | 14.8 | 15.7
NWK/TA > .25 30.0 | 50.0 | 63.6 || 60.0 | 13.6 | 13.8
CURRAT > 1.2 66.7 | 76.7 | 98.7 || 28.3 | 22.0 | 16.0
CURRAT > 1.5 36.7 | 55.0 | 97.3 || S4.1 | 42.3% | 10.4*
CURRAT > 2.0 18.3 | 31.6 | 74.9 || 75.0%] 43.3% 7.3%
QRAT > 1.0 18.7 | 33.9 | 76.2 || 73.7%| 42.3%| 7.6%
QRAT > 1.2 13.6 | 25.5 | 53.1 || 80.4x| 27.6 8.1%
NS/TA > 1,0 71.7 | 80.0 | 77.4 || 264.1 | [-2.6] | 21.6
NS/TA > 1.5 41.7 | 48.4 | 36.9 || 54.9 |(-11.51| 26.9 |

AJAll values expressed in 7 terms except Ep which represents the number
of firms (per 10,000 passing the test) that will fail without providing
alternate financial assurance. All results are based on the original
samples that included retail firms.

g/Based on three-year eligibility requirement.
3/

=/Baged on one-year eligibility requirement.

'i/Based on three-year eligibility requirement for M and one-year eligi-
bility requirement for ANB’

*Exceeds minimum performance cutoff point.
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difference betweeﬁ the scores of the best cash flow ratios and those of
other ratios are also substantial. Thirteen of the ratios tested
reduced the normai f;ilure‘rate forAlarge (greater than $10 M in net
worﬁh) firmé by ﬁore than 50 percent (from 22 per 10,000 to less than 11
per 10,000). . Ten ratios eliminated more than 70 percent of bankrupt
firms in sufficient time to establish alternative financial guarantee
mechanisms: nine had a discriminatory Dower' (D) of greater than 40
percent. If these three conditions are viewed to be the minimum
acceptable values of test effectiveneés, TL/NW, NI/TA, CURRAT, and ORAT
all have cutoff scores that satisfy these criteria; only the net working
capital to total assets and net sales to total assets ratios failed to
provide significant results,

Those parametric values which satisfied oné.or more of the above
minimum criteria (13Ain all) were uséd to develop multi-ratio tests; the
others were droppe& from further consideration. There were two excep-
tions to this general classification rule: (1) the cash flow/total
liability greater than .3 ratio was dropped, because the E ratings
demonstrated thaﬁ this test was already dominated by the .2 and .15 cash
flow cutoff points, and its extremely high rate of non-bankrupt firm
rejections made it a poor candidate for use in multi-ratio tests and (2)
the totai liabilities/nét worth cutoff point of 2.0 was added to the
list of ratios for detailed consideration, despite the fact that {1t
failed to meet the minimum reaquirements, because preliminary investiga-
tions revealed that this ratio was one of the few that could be used

effectively to classify electric utilities (see Section IV. B).

Iv-9



2. Evaluation of Multi-Ratio Tests

The 13 financial ratios selected from the initial evaluation
process were linked in various combinations and then retested against
the primary bankrupt and non-bankrupt samples. The ratios were combined
in three ways: two-ratio tests (firm muét pasé both elements of the
test to pass the test), three-ratio tests (firms must pass all elements
to pass the test), and three-ratio contingent tests (firms must pass 2
of 3 elements to pass the test). Since CF/TL and NI/TA are alternative
methods of measuring a firm's raté of return on its assets, these ratios
were not included within the same test; the same procedure was followed
with CURRAT and QRAT, the two liquidity measures being evaluated.

In all, 120 alternative tests were investigated in this phase.
Section VIII presents the results of all tests both Qith one-year and
three year liability requirements in Tables VIII-l to VIII-4 and VIII-S
to VIII-8, respectively.

As illustrated in these Tables, two-ratio tests are more accurate
than single-ratio tests in the C and E ratings. This pattern continues,
at a somewhat lower rate of increase, for the more stringent three-ratio
tests (passage of all elements required to pass). The three-ratio (pass
.2 out of 3) tests evaluated barely out-performed the single-ratio cash
flow tests on the C, D, and E measures. Although test formulations of
the three~ratio type greatly increase the eligibility of firms in the
non-bankrupt sample, they also increase misclassifications of bankrupt

firms by a similar (and sometimes greater) amount,
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The major problem with the wmulti-ratio tests evaluated in this
phase is that the discriﬁinating power_(D score) of the best tests does
not increaée greatly. The greater levels of bankrupt firm identifi-
cation and overall test effectiveness indiéated in these results
apparently are attained mainly by excluding a larger number of viable
firms. Consequently, the Agency performed supplementary tests to estab-
lish whether there were other financial variables that could be added to
these tests to improve their discriminating power, while retaining high
levels ‘of bankrupt firm detection.

3. Test of Supplementary Financial Ratios

Based on the results of the initial round of testing, a set of 32
non—-bankrupt and 12 bankrupt firms.was identified that were consistently
misclassified by the testé evaluated-in the first phase. The results
achieved in testing this set of firms against a second set of financial
ratios are summarized below.

The following ratios used in this auxiliary analysis were selected
from the financial ratios tested in prior bankruptcy forecasting
studies:

Retained earnings/total assets (RE/TA)

Earnings before interest and taxés/total assets (EBIT/TA)

Cash flow/ne; sales (CF/NS)

Balance sheet value of preferred and common stock/net worth (PC/NW)
Balance sheet value of preferred and common stock/current and long-
term debt (PC/CL + LTL)

Net fixed assets/total assets (NFA/TA)
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Cash/total assets (Cash/TA)

Cash/current liabilities (Cash/CL)

Net sales/total assets (NS/TA)

Net working capital/total assets (NWK/TA)
Values of each of the ratios were computed for the firms described
above, The data were then analyzed to determine the values for each
‘ratio that would provide the most accurate overall classification of the
tested firms. The percentage of bankrupt and non-bankrupt firms that
passed the resulting test were then compared to derive an estimate of
the discriminating power (D') of each ratio. For this analysis, the
value of D', defined as the difference between ANﬁ and Mp, was used.
(This is similar to D, but substitutes M, for Mw). Thesg results are
presented in Table IV;3. |

In'many cases, the ratio tested had higher values of Mp than of

Ayp, resuitng in negative values for D'. A single ratio test with a
negative discriminating power would not be likely to:add to the overall
~effectiveness of financial tests cOmbiniﬁg several ratios. Three ratios
-- RE/TA, NS/TA, and Cash/CL -—- had some positive impact on firm cate-
gorization, with D' values of 15 to 24 percent. These results, however,
were far exceeded by the classification results achieved by using the
NFA/TA ratio. Three different cutoff points for NFA/TA were tested,
with resulting D' ratings of 30 to 44 percent. More significantly, the
ratio of NFA/TA greater than .3 correctly classified 9 of the 12 bank-

rupt firms as non-viable three years prior to bankruptcy.
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TABLE IV-3

TESTS OF SUPPLEMENTARY FINANCIAL RATIOSL/

Test - - '
Variables ’ MP ANB ' D'g/
RE/TA > .2 41.7 62.5 20.8
RE/TA > .25 25.0 37.5 12.5
EBIT/TA > .12 41.7 43.8 2.1
NS/TA > 1.25 41.7 65.6 23.9
NS/TA > 1.4 41.7 50.0 . 8.3
CF/NS > .04 91.7 62.5 -29.2
CF/NS > .05 83.3 43.8 -39.5
PC/NW > .1 66.7 ' - 40.6 ~26.1
PC/TL > .1 50.0 40.6 -9.4
NFA/TA > .15 50.0 93.5 43.5
NFA/TA > .25 33.3 61.3 28.0
NFA/TA > .3 25.0 54.8 29.8
Cash/TA > .04 50.0 65.6 15.6
Cash/CL > .15 50.0 46.9 -3.1
Cash/CL > .2 33.3 34.4 1.1
NWK/TA > .25 75.0 56.3 -18.7
L

Tests run against a portion of the EPA primary bankrupt and non-
bankrupt samples comprising 32 non-bankrupt and 12 bankrupt firms
that were frequently misclassified by the initial set of candidate

financial tests.

2/

D' = Difference between the percentage of viable firms passing a

test and the percentage of non-viable firms passing the same test
in year x-3.
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The NFA/TA ratio represents the portion of a firm's assets tied to
long-term tangible property, excluding the portion of these fixed assets
that has already been depreciated. It represents the reserve of assets
that a company can call on in a time of finmancial difficulties, either
as a reliable source of earnings or a potential source (through sale) of
needed capital. This ratio has not been extensively evaluated in
previous bankruptcy forecasting studies; however, several studies have
examined the ratio that repré;ents to some extent its inverse =-- curreat
assets/total assets (CA/TA), the fraction of total assets in the form of
cash, inventories, and short term receivables. Both Edmister (1972) and
Deakin (1972) have found CA/TA to be a significant indicator of finan-
cial ;tability; and both studies have indicated that a high CA/TA is
negatively correlated with continued firm solvency. A NFA/TA test also
can be readily passed by almost all electric utilities, a category of
hazardous waste disposers that encounters great problems in passing
candidate tests using other more common financial ratios (see Section
VI). For these reasons, the Agency decided to evaluate a aumber of
tests incorporating NFA/TA as a variable against the entire primary
sample. The results of these tests with one-year and three-year eligi-
bility requirements are presented in Section VIII, Tables VIII-4 and
VI1II-8, respectively. As will be discussed in the next Section, most of
the tests incorporating NFA/TA (Tests 121-151) dominate tests which do

not incorporate this ratio.
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V. TEST PERFORMANCE

A. Construction of the Performance Curves

The performance of a test is measured by two val;es: Ep, the number
of firms per 10,000 which pass the teét that later enter bankruptcy
withéut providing alternative financial assurance; and ANB’ the percent-
age Af non~bankrupt firms passing the test, Both of these values are
used to determine the relative costs of alternative tests. In order to
determine the best tests, the Agency ascertained, for particular values
of Ep, the test which allows the highest value of Ayg. A test which,
for any ‘given value of Ep has the highest value of Ayg» 1s termed a
dominant test.

-Using the results for all testsﬁof a given type (see Section VIII
for complete test results), a graph ﬁas constructed for each of the
eligibility requiremeﬂts, depicting on one axis the number of bankrupt
firms per 10,000 which pass the test, (EP) and on the other axis the
peréentage of non-bankrupt firms which pass the test (ANB).

Figure V-1 illustrates the method used to‘determine if a point C is
on the performance curve. If a test is to be on the performance curve,

there must be no other tests which dominate that test,



BETTER DIFFERENT
C
DIFFERENT WORSE
Ep
FIGURE V-1

TECHNIQUE FOR DETERMINING IF A POINT IS ON THE PERFORMANCE CURVE

For example, a particular test which passes 6 per 10,000 of bank-
rupt firms and passes 70 percent of non-bankrupt firms would have the
coordinates of (6, 70%) in Figure V-1. To compare the performance of
other tests to this test, as illustrated in the Figure, any tests repre-
sented by points in the northwest quadrant, using point C as the point
of origin, dominate point C because both the value of Ep is lower (i.e.,
fewer bankrupt firms pass the test) and the value of Ayp is higher
(i.e., a higher percent#ge of non-bankrupt firms pa;s the test.) A test
with the coordinates (4, 80%) would fall in the northwest quadrant, and
would indicate that 4 of 10,000 bankrupt firms and 80 percent of non-
bankrupt firms pass the test. This makes it superior to the test repre-=
sented by point C. Thus, if there were any tests with coordinates in

the northwest quadrant, the test represented by point C would not be on



the performance curve. Similarly, any point in the southeast quadrant
is absolutely inferior to point C.

Points in the other two quadrants caannot be classified as domi-
nating point C, but can only be classified as different. For example, a
point with coordinates (8; 80%) means that 80 percent of non-bankrupt
firms pass the test, which is absolutely superior to point C; however, 8
out of 10,000 bankrupt firms also pass, which is inferior to point C.
There is thus no way to classify any points in the northeast or south-
west quadrants as dominant to point C. Points in those quadrants may or
may not be on the performance curve; they would have to be evaluated in

the same manner as point C.

Once the performance curve is comnstructed, it is sometimes  useful
to compare specific tests to the pefformance.cutve as a whole., 1If a
test is plotted above the performance curve, then it dominates at least
one test on the performance curve. If it is below the performance
curve, then it is dominated by at least one test on the performance
curve.

B. Performance Curves for the Primary Sample

Figure V-2 shows the performance curve. for the set of 151 ratio
tests with one-year eligibility requirements. Table V-1 lists the
components of the tests and the values of Ep énd Ayp for each test.
Seventeen tests lie on the performance curve, thus reducing the set of
tests that need to be further considered from 151 to 17. The perfor-
mance curve includes tests ranging from a test with an EP of 0 and amn

ANB'of 49 percent to one with an Ep of 10.1 and an Ayp of 96 percent.

V-3
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TABLE V-1

DOMINANT TESTS

(One-Year Eligibility Requirement)

Number of

' Variables
Test , - Test Required ANB
Number Variables To Pass P (%)

139 NFA/TA > .3 All 0 49
CF/TL > .1
CURRAT >2.0

122 NFA/TA > .3 All 1.4 53
CF/TL > .1
TL/NW < 1.2

141 NFA/TA > .2 All 1.9 55
CF/TL > .1
CURRAT > 1.5

143 NFA/TA> .2 . All 2.6 58
TL/NW < 1.2
QRAT >1.0

138 NFA/TA > .2 All : 2.8 76
CF/TL - .1
CURRAT >1.5

151 NFA/TA > .3 3 of 4 3.7 77
CF/TL > .1
TL/NW <1.2
CURRAT >2.0

134 | NFA/TA> .3 20f 3 4.6 79
CF/TL > .1 '
TL/NW < 1.0

113 CF/TL > .1 2 of 3 5.2 80
TL/NW < 1.0

QRAT > 1.0

150 NFA/TA > .3 3 of 4 5.5 81
CF/TL > .1 ‘

TL/NW < 1.5

CURRAT >2.0

.



TABLE V-1

(concluded)
Number of
Variables
Test Test Required £ ANB
Number Variables To Pass P (%)
135 NFA/TA > .3 2 of 3 5.6 83
CF/TL > .1
TL/NW < 1.2
149 NFA/TA > .3 3 of 4 6.0 87
CF/TL > .1
TL/NW <2.0
CURRAT > 2.0
136 NFA/TA > .3 2 0of 3 7.9 89
CF/TL > .1
TL/NW < 1.5
120 CF/TL > .1 2 of 3 9.1 92
TL/NW < 2.0 .
QRAT > 1.0
137 NFA/TA > .3 2 of 3 9.1 92
CF/TL > .1
TL/NW < 2.0
98 CF/TL > .1 2 of 3 9.3 93
TL/NW < 2.0
CURRAT > 2.0
146 NFA/TA > .2 2 of 3 9.9 95
CF/TL > .1
CURRAT > 2.0
100 CF/TL > .1 2 0f 3 10.1 96
TL/NW < 2.0
CURRAT > 1.5




The tests on the performance curve had ceftain ratios in common.
All tests on the performénce curve included the cash flow to total
liabilities ratio.l.Thirteen of the 17 tests on the performance curve
included the net fixed assets to total assets ratio. Thirteen out of .17
tests included a total liabiliﬁies to net worth ratio.

Figure V-3 shows the performance curve (indicated by the heavy
line) for. the set of 151 ratio tests with a three~-year eligibility
requirement. The lighter line shows, for purposes of comparison, the
performance curve for tests with a one-year eligibility requirement.
Descriptions of these tests and their values for Ep and Ayp are given in
Table V-2. Nine tests with a three-year elizibility requirement lie on
this performance curve. The tests range from one with an Ep of 0 and an
Ayp of 32 percent to one with an Ep.of 7.3 and an Ayg of 86 percent. All
of these tests include the cash flow to total liabilities ratio and the
net fixed assets to total assets ratio.

Comparing these two curves shows that the general effect of a
three-year eligibility requitemenc on any given test is to lower the
values of both Ep and Ayg. The overall effect is relatively slight,
with the following two exceptions: (1) Test 139 markedly improves with
a one-year eligibility requirement: (2) only tests with a one-year
eligibility requirement can achieve values of Ayp g£reater than 84
percent.

The choice between a one-year and three-~year eligibility require-
ment cannot be based solely on performance, however, since the Agency

must also consider the administrative burdens associated with different



FIGURE V-3
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(Three~Year Eligibility Requirement)

TABLE V-2

DOMINANT TESTS

Test
Number

Test
Variables

Number of
Variables
Required
To Pass

139

141

125

138

127

134

135

136

137

NFA/TA
CF/TL
CURRAT

NFA/TA
CF/TL
CURRAT

NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL.
CURRAT

NFA/TA
_CF/TL
TL/NW

NFA/TA
CF/TL
TL/NW

_ NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL
TL/NW

>
>
>

AV

All
All
All
All.
All

of 3

~

~

of 3

1.4

1.6

1.9

2.9

4.1

5.4

7.3

44

56

64

67

72

77

82

36
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tests. In ordér to assess the performance of oné-year and three-year
tests together, a wmerged pgfformance curve, consisting of all the
dominant tests without regard to eligibility requirements, was con-
.scruqted. Such a curve is the envelope curve of the two pefformance
curves shown in Figure V-3, Figure V-4 presents this envelope curve and
Table V-3 presents a full description of the tests on this curve. This
merged performance curve contains 16 tests, of which four have a three-
year eligibility requirement, and 12 have a one-year eligibility
requirement,

C. Performance with Respect to the Holdout Sample

As noted in Section III.B. the Agency used a holdout sample in this
study to help ensure the statistical validity of the results. _Figure
V-5 compares the performance on the primary sample and on the holdout
sample of those one-year eligibility tests that appeared on the primary
sample performance curve; Figure V-6 provides this same comparison for
three-year eligibility tests. Table V-4 compareé the results of all
tests with a one-year eligibility requirement and Table V-5 of all tests
with a three-year eligibility requirement. Tables V-6 and V-7 provide
complete holdout sample results for a larger set of tests.

For one-year eligibility tests, ll1 of the 17 tests yield results
for the holdout sample which 1lie above the performance curve for the
primary sample. The remaining six tests are only slightly below the
primary sample performance curve. This result strongly suggests that
search bias has not led to tests which are incapablé of validly discrim-

inating between bankrupt and non-bankrupt firms when applied to samples
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TABLE V-3

DOMINANT FINANCIAL TESTS WITH EITHER ONE-YEAR

OR THREE-YEAR ELIGIBILITY REQUIREMENTS

Test
Number

Number
0f Years
Required
- To Be
Eligible

Test

Variables

Number of
Variables
Required
To Pass

139
125 .
138
127
138

151

134
136

135

NFA/TA
CF/TL
CURRAT

NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL
CURRAT

NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL
CURRAT

NFA/TA
CF/TL
TL/NW
CURRAT

NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL
TL/NW

NFA/TA
CF/TL
TL/NW

>
>
<

All

All

All

All

All

1.4

1.6

1.9

2.8

3.7

4.6

5.4

5.6

49

56

64

67

76

77

79

82

83
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TABLE V-3

(concluded)
Number _
0f Years Number of
Required Variables
Test To Be Test Required E
Number | Eligible Variables To Pass P ANB
149 1 NFA/TA > .3 3 of 4 6.0 87
CF/TL .1
TL/NW < 2.0
CURRAT > 2.0
136 1 NFA/TA > .3 2 0of 3 7.9 89
CF/TL > .1
TL/NW < 1.5
120 1 CF/TL. > .1 2 of 3 9.1 92
TL/NW < 2.0
QRAT 1.0
137 1 NFA/TA > .3 2 0of 3 9.1 92
CF/TL > .1
TL/NW < 2.0
98 1 CF/TL .1 2 of 3 9.3 93
» TL/NW 2.0
CURRAT > 2.0
146 1 NFA/TA .2 2 0of 3 9.9 95
CF/TL .1
CURRAT > 2.0
100 1 CF/TL > .l 2 of 3 10.1 96
TL/NW < 2.0
CURRAT > 1.5
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FICURE V-5

PERFORMANCE CURVE V. HOLDOUT SAMPLE PERFORMANCE
FOR TESTS WITH ONE-YEAR ELIGIBILITY REQUIREMENTS
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FICURE V-6
PERFORMANCE CURVE V. HOLDOUT SAMPLE PERFORMANCE FOR
100~ - TESTS WITH THREE-YEAR ELIGIBILITY REQUIREMENTS
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TABLE V-4

» g R A3
COMPARLSON OF PRIMARY AND HOLDOUYT SAMPLE PERFORMANCE FOR TESTS ON THE ONE-YEAR PERFORMANCE CURVE
(Subscript H Indicates Holdout Sample Result, No Subscript Indicates Pri?mry Sample Result)

Number of i
Net Net H Net
Variables H
. Change® Changa® Change®*
Test Test Required M-M_ ) ( ALY E E (E.-E_)
Nuuber Varjables To Pass nPll MP Hl’ Ml'll ANBII ANB ANlill ANB Pt e P PH
98 CF/TL > .1 2 of 3 20.8 39.2 +18.4 84 93 -9 5.4 9.3 +3.9
TL/NW < 2.0
CURRAT > 2.0
100 CF/TL > .1 2 of 3 31.3 44.0 +12.7 91 96 -5 7.6 10.1 +2.5
TL/NW < 2.0
CURRAT > 1.5
113 CF/TL > .1 2 of 3 14.6 19.0 +4.4 74 80 -6 4.3 5.2 +0.9
TLINW < L.0
QRAT > 1.0
120 CF/TL > .1 2 0of 3 18.8 38.0 +19.2 91 92 -1 4.5 9.1 +4.6
TL/NW < 2.0
QRAT > 1.0
122 NFA/TA > .3 All 0 3.5 +3.5 44 53 -9 0 1.4 +1.4
CF/TL > .} .
TL/NW < 1.2
134 NFA/TA > .3 2 of 3 4.2 16.6 +12.4 81 79 +2 1.1 4.6 +3.5
CF/TL. > .1
TL/NW < 1.0
135 NFA/TA > .3 20of 3 4.2 21.4 +17.2 86 83 +3 1.1 5.6 +4.5
CF/TL > .1
TL/NW < 1.2
136 NFA/TA > .3 2 of 3 12.5 32.1 +19.6 91 89 +2 3.0 7.9 +4.9
CF/TL L |
TLING < 1.5
137 NFA/TA > .3 2 of 3 16.7 38.0 +11.3 98 92 +6 3.7 9.1 +5.4
CF/TL > .1 :
TL/tW < 2.0
118 NFA/TA .2 all 10.4 9.5 -0.9 70 76 -6 3.3 2.8 -0.5
CF/TL, .1
CURRAT 1.5
139 NFA/TA > .3 All (] 0 0 37 49 -12 V] 0 0
CF/TL > .1
CURRAT > 2.0
S — —L A
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TABLE V-4

(concluded)
Number of
Variables Net Net Net
Change® Change*® Change®
Test Test Required M M~M ) A ( A E E (E.-E. )
Number Variables To Pass Pl MP HP MPH ANBll NB ANBII NB PH P P "PH
141 NFA/TA > .2 ‘All 4.2 4.7 +0.5 51 55 -4 1.8 1.9 +0.1
CF/TL > .1
CURRAT > 2.0
143 NFA/TA > .2 All 4.2 7.1 +2.9 47 58 ~-11 2.0 2.6 +0.6‘
' TL/INW < 1.2
QRAT > 1.0
146 NFA/TA > .2 2 of 3 31.3 42.8 +11.5 93 95 -2 7.4 9.9 +2.5
CF/TL > .1
CURRAT »> 2.0
149 NFA/TA > .3 .3 of &4 6.3 23.8 +17.5 86 87 -1 1.6 6.0 +h.4
CF/TL > .1
TL/NW < 2.0
CURRAT > 2.0
150 NFA/TA > .3 3 of 4 6.3 20.2 +13.9 74 81 -7 1.8 5.5 +3.7
CF/TL > .1
TL/NW < 1.5
CURRAT > 2.0
151 NFA/TA > .3 Jof & 0 13.0 +13.0 72 77 -5 0 3.7 +3.7
CF/TL > .1
TL/NW < 1.2
CURRAT > 2.0 J

*In all cases, a positive value in the Net Change column represents an improvement in test performance in the holdout over the primary sample.
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TABLE V-5

COMPARISON OF PRIMARY AND HOLDOUT SAMPLE PERFORMANCE FOR TESTS
ON THE THRELE-YEAR ELLGIBTLITY PERFORMANCE CURVE

s?“ﬁ?;‘°: Net Net Net
ariabte Change* Change® Change#*
Test Test Required M M M- ) A A - ) E E (E.-E_ )
Number Variables To Pass [} P HP HPH NBH ANB NBH ANB Pu P P PH
125 NFA/TA > 25 All 2.1 3.5 +i.4 51 56 -5 0.9 1.4 +0.5
CF/TL > .1 ‘
TL/NW < 1.5
127 NFA/TA > .2 AYl 2.1 5.9 +3.8 63 67 -4 0.7 1.9 +1.2
CF/TL > .1
TL/NW < 2.0
134 NFA/TA > .3 20f 3 0 9.5 +9.5 63 72 -9 0 2.9 +2.9
CF/TL > .1
TL/NW < 1.0
135 NFA/TA > .3 2 of 3 4.2 14.3 +10.1 70 77 -7 1.3 4.1 +2.8
CF/TL > .1
TL/NW < 1.2
136 NFA/TA > .3 20f 3 8.3 20.2 +11.9 81 82 -1 2.3 5.4 +3.1
CF/TL > .1
TL/NW < 1.5
137 NFA/TA > .3 20f 3 12.5 28.5 +16.0 82 86 ~4 3.4 7.3 +3.9
CF/TL > .1
TL/NW < 2.0
-
138 NFA/TA > .2 All 2.1 4.7 +2.6 60 64 -4 0.8 1.6 4+0.8
CF/TL .1
CURRAT > 1.5
139 NFA/TA > .3 All 0 0 0 33 32 +1 0 0 ]
CF/TL > .1 :
CURRAT > 2.0
141 NFA/TA > .2 All 0 2.3 +2.3 44 44 (4] 0 1.2 +1.2
CF/TL > 1
CURRAT > 2.0

*1n all cases, a positive value in the Net Change column represcnts an improvement in test performance in tpe holdout over the primary sample.




TABLE V-6

PERFORMANCE OF BEST TESTS AGAINST HOLDOUT SAMPLE

(One-Year Eligibility Requirement)

Number of
Variables'
Test Test Required .
Number Variables To Pass Ex 5 ANB
11 CF/TL > .1 All 2.4 3.6 77
TL/NW < 1.5
12 CF/TL > .1 All 2.2 3.3 84
TL/NW < 2.0
26 CF/TL > .1 All 3.5 5.2 79
CURRAT > 1.5
67 CF/TL > .1 All 2.5 3.8 72
TL/NW < 1.5
CURRAT > 1.5
68 CF/TL > .1 All 2.4 3.6 77
TL/NW < 2.0
CURRAT > 1.5
98 - CF/TL > .1 2 of 3 A 5.4 84
TL/NW < 2.0
CURRAT > 2.0
100 CF/TL > .1 2 of 3 6.0 7.6 91
TL/NW < 2.0
CURRAT> 1.5
110 CF/TL > .1 2 of 3 2.0 4.0 91
TL/NW < 2.0 '
QRAT > 1.2
113 CF/TL > .1 2 of 3 3.7 4.3 74
TL/NW< 1.0
QRAT > 1.0
120 CF/TL> .1 2 of 3 3.0 4.5 91
TL/NW< 2.0
1.0

QRAT >
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TABLE V-6

(continued)
Number of
Variables
Test Test Required
Number Variables To Pass EB Ew ANB
122 NFA/TA > .3 All 0 0 44
’ CF/TL > .1
TL/NW < 1.2
125 NFA/TA > .25 All 1.6 3.1 58
CF/TL > .1
TL/MW < 1.5
127 NFA/TA > .2 All 2.5 3.7 74
CF/TL > .1
TL/NW < 2.0
132 NFA/TA> .3 - 2 of 3 1.3 1.3 72
CF/TL > .15
TL/NW < 1.2
134 NFA/TA > .3 2 of 3 1.1 1.1 81
CF/TL > .1
TL/NW < 1.0
135 NFA/TA> .3 2 of 3 1.1 1.1 86
CF/TL > .1 ’
TL/W < 1.2
136 NFA/TA > .3 2 of 3 2.0 4.0 91
CF/TL > .1
TL/MW < 1.5
137 NFA/TA> .3 2 of 3 2.8 4.7 98
CF/TL > .1
TL/NW < 2.0
138 NFA/TA > .2 All 2.6 3.9 70
CF/TL > .1
CURRAT > 1.5
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TABLE V-6

(concluded)
Number of
Variables
Test "~ Test Required
Number Variables To Pass E‘w ANB
139 NFA/TA > .3 All 0 37
CF/TL 2> .1
CURRAT > 2.0
141 NFA/TA > .2 All 1.8 51
CF/TL > .1
CURRAT > 2.0
143 NFA/TA > .2 All 2.0 47
~ TL/NW < 1.2
QRAT 2> 1.0
146 NFA/TA > .2 2 of 3 10.8 93
CF/TL > .1
CURRAT > 1.5
149 NFA/TA> .3 3 of 4 2.1 86
CF/TL > .1
TL/NW < 2.0
CURRAT > 2.0
150 NFA/TA > .3 3 of 4 2.5 74
CF/TL > .1
TL/NW < 1.5
CURRAT > 2.0
151 NFA/TA > .3 3 of 4 0 72
CF/TL > .1
TL/NW < 1.2
CURRAT > 2.0
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TABLE V-7

PERFORMANCE OF BEST TESTS AGAINST HOLDOUT SAMPLE
(Three-Year Eligibility Requirement)

Number of
Variables
Test Test Required
Number Variables To Pass EB EP EW ANB
11 CF/TL > .1 All 1.5 2.9 4.4 63
TL/¥W <1.5
12 CF/TL > .1 All 1.4 2.7 4,1 67
TL/NW <2.0
26 CF/TL. > .1 All 0 2.1 4,2 65
CURRAT >1.5
67 CF/TL > .1 All 0 1.5 3.0 60
TL/NW <1.5
CURRAT >1.5
68 CF/TL > .1 All 0 1.5 3.0 60
TL/NW  <2.0 '
CURRAT > 1.5
98 CF/TL > .1 2 0of 3 3.6 4.8 5.9 77
TL/NW <2.0
CURRAT >1.5
100 CF/TL > .1 2 of 3 4.5 6.2 7.9 81
TL/NW  <2.0 :
CURRAT >1.5
110 CF/TL. > .1 2 of 3 1.2 3.7 6.2 74
TL/NW 2.0
QRAT >1.2
113 CF/TL > .1 2 of 3 1.7 2.5 3.3 56
TL/NW <1.0 ‘
QRAT >1.0
120 CF/TL >.1 2 of 3 1.2 4.3 6.2 74
TL/NW  <2.0
QRAT >1.0
122 NFA/TA > .3 All 0 0 0 40
CF/TL > .1
TL/NW  <1.2
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 TABLE V-7 (Continued)

Test

Number

Test
Variables

Number of
Variables
Required

To Pass

Aym

125

127

132

134

135

136

137

138

139

NFA/TA > .25
CF/TL > .1
TL/NW < 1.5

NFA/TA 2 .2
CF/TL 2.1
TL/NW <2.0

NFA/TA > .3
CF/TL > .15
TL/NW <1.2

NFA/TA > .3

- CF/TL > .1

TL/NW <1.0

NFA/TA > .3

CF/TL > .1

TL/NW <1.2

NFA/TA > .3
CF/TL > .1
TL/NW <L.5

NFA/TA > .3
CF/TL > .1
TL/NW  <2.0

NFA/TA > .2
CF/TL > .1
CURRAT >1.5

'NFA/TA > .3

CF/TL > .1
CURRAT >2.0

All

All:
2 of 3
2 of 3
2 of 3
2 of 5
2 of 3;

All

All

1.3

1.1

2.2

90

.73

1.3

2.3

.77

1.8

1.5

63
58
63.
70
81
82
60

33
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TABLE V-7 (Concluded)

Number of
Variables
Test Test Required E E
Number Variables To Pass B P Ew ANB

141 NFA/TA > .2 All 0 0 0] 44
CF/TL 2 .1
CURRAT >2.0

143 NFA/TA > .2 All 2.3 2.3 2.3 40
TL/NW  <1.2 ‘
QRAT  >1.0

146 NFA/TA > .2 2 of 3 4.5 7.4 10.2 81
CF/TL >.1
CURRAT >1.5

149 NFA/TA > .3 3 of 4 0 .66 1.3 70
CF/TL 2.1
TL/NW  <2.0
CURRAT >2.0

150 NFA/TA > .3 3 of 4 0 .71 1.4 65
CF/TL 2.1
TL/NW <1.5
CURRAT >2.0

151 NFA/TA > .3 3 of &4 0 0 0 63
CF/TL  >.1
TL/NW  <1.2
CURRAT <2.0
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oﬁher than the sample used in the test selection. The results for the
three-year eligibility tests further confirm the validity of the tests
selected. All nine three-year eligibility tests for the holdout sample
lie above .the primary samplé performance curve. For the tests on the
merged performance curve, only three of the 16 tests on the performance
curve lie below the merged primary sample performance curve.

Although the holdout sample results attest to the validity of the
selection procedure for the tests on the primary sample performance
curve, they are less éncouraging with respect to the accuracy of the
estimates of Ep and Aypg. When one-year eligibility tests on the
primary sample performance curve are tested against the holdout sample,
_Ayg falls by an average of four percentage points while Ep falls by an
average of 2.6. Similar results are obtained for tests with a thfeé-
year eligibility requirement. While small changes in the values of Ayp
are not surprising given the sample size, ;he changes in Ep are unex-
pectedly high, given that the primary and holdout sample were randomly
assigned from the same original sample of firms. Apparently, the
resulting holdout sample contained firms with much weaker financial
performance two to three years prior to bankruptcy than the primary
sample.

If the results of the primary sample are used, Test 100 (one-year)
has the highest value of Ayg of any of the ratio tests examined. If the
results of the holdout sample are used, Test 137 (one-year) is superior

to Test 100 (one-year), with both a higher Ayp and a lower Ep.
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As a further check on thé relative performance of these tests, Ep
and Ayg were calculated using a weighted average of the performaﬁce for
the primary and holdout samples. These results are shown in Table V-
8. Using these weighted average results, all three tests would lie on a
performance curve, with none absolutely dominating the others.

D. Comparison to the Results of Other Tests

1. Other tests examined

This Section reports the performance of the other types of tests
which were examined in this study in addition to the ratio tests.

One of the other tests evaluated was the financial test proposed by
the Agency on May 19, 1980. That test consisted of the following
elements:

fotal liabilities to net worth < 3

Net working capital > 2 X closure plus post-closure costs

Net worth > $10 million
This test had a one—-year eligibility requirement. The effect of the net
worth requirement and the total liabilities to net worth ratio in elim-
inating bankrupt firms while admitting viable firms was evaluated using
the same methodology used for deriving the performance of the ratio
tests., The effect of the ﬁultiple requirement on the.performance of the
test is more difficult to evaluate. A requirement that net working
capital be a multiple of total financial responsibility obligations
means that net working capital must be positive. As a result, the May
19 test was evaluated as a test which required a ratio of total liabil-

ities to net worth of less than three and a current ratio of greater
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TABLE V-8

PERFORMANCE OF SELECTED LESS STRINGENT TESTS
USING WEIGHTED AVERAGES OF HOLDOUT AND PRIMARY
SAMPLE TO DETERMINE E, AND A

Number
of Years ¥ Number of
Required ' Variables
Test To Be " Test Required .
Number | Eligible Variables To Pass P ) ANB
137 1 NFA/TA > 3 2 of 3 7.1 93
CF/TL > .1
TL/NW < 2.0
146 1 NFA/TA > .2 2 0of 3 9.0 94
CF/TL > .1
CURRAT > 2.0
100 1 CF/TL > .1 20f 3 ° 9.2 . 95
TL/NW < 2.0
CURRAT > 1.5
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than one (i.e., the ratio of current assets tolcurrent liabilities must
be greater than one for there to be positive net working capital).

The Agency also evaluated tests which were composed only of
aultiple elements. In this report, the term "Ability to Pay Test"
refers to those tests that required that net worth and net working
capital each exceed six times the total financial responsibility obli-
gation to be covered through a financial test. The performance of those
tests was evaluated in the same manner as the performance of the May 19,
1980 tests. That is, the net worth multiple was ignored as implicitly
accounted for by the $10 million in net worth requirement, and the
current ratio was required to be greater than one. The Agency evaluated
the Ability to Pay test using both one-year and three-year eligibility
requirements. |

The performances of the May 19, 1980 and Ability to Pay tests are
shown in Table V-9. Neither the proposed May 19, 1980 test nor the two
Ability to Pay tests are dominated by other tests, and therefore all are
added to the performance curve. These tests pass almost all viable‘
firms, but also have very high values.of Béo

The presence in a test of multiple elements of the type included in
the Ability to Pay Tests does not influence the Ep or A results. All
ratio tests of any importance fail firms that would have failed a test
including a requirement that the current ratio be greater than l. As a
result, the addition of such a requirement to a ratio test does not

alter either the ANB or EP of the test.
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TABLE V-9

PERFORMANCE OF SELECTED TESTS
WITH RESPECT TO THE PRIMARY SAMPLES

Parameters Eligibility E
Test Description Tested Requirement ”_éNB P
May 19, 1980 Test TL/NW < 1 One-Year 97 15.1
. CURRAT >1 :
Ability to Pay Test CURRAT > 1 One-Year 100 20.2
Ability to Pay Test CURRAT > 1 Three~Year 99 18.4
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2. Comparison to Results Obtained by Other Investigators

As noted in Section II, a number of studies have been published on
methods for forecasting bankruptcies. The most commonly used method in
these studies has been multi-discriminant analysis. The disadvantage to
this approach is that tests based upon multi-discriminant analysis would
require much more extensive reporting forms and would be more difficult
to check. Nevertheless, the Agency concluded that if multi-discriminant
analysis would lead to results clearly superior to those of the tests
adopted iﬁ this study, it should consider adopting one of the tests from
the published literature rather than one of the tests it had developed.
The Agency therefore compared its results to the results reported in the
literature.

Four of the stﬁdies which utilized mﬁlti—discriminant analysis were
further examined: Altman (1968), Altman et al. (1977), Deakin (1972)
and Deakin (1976). All of these studies examined the same basic problem
as that examined here: forecasting bankruptcies for relativély large
firms engaged in manufacturing and, in some cases, retail trade.

The first step in the comparison was to examine the results of
these studies as reported, and to use the baseline failure rate employed
in this study to derive a measure of Ep, comparable to that used in
reporting'the results of this study. Multi-discriminant analysis is
particularly prome to search bias, with the result that performance with
respect to the holdout sample is almost always weaker than that with the
primary sample. Whenever possible, the performance reported for these
studies is that obtained against a holdout sample. (This was not pos-

sible for Altman et al. (1977) because no holdout sample was employed.)
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The results for these studies are shown in Table V-10. The ANB‘and
Ep for each study are plotted on a graph showing the performance curve
. and holdout results for one-year eligibility tests in Figure V-7. As
can be seen from the Figure, the reported result for Deakin (1976).1is
dominated by both the primary sample performance curve and by manf'of
the results from the holdout sample. The Deakin (1972) result is,
however, extremely strong and would be a ddminant test even on a perfor-
mance curve counsisting only of resulﬁs from che.holdout sample.

The problem with these comparisons is that each study reported used
a different sample of bankrupt and non-bankrupt fifms, with the result
that comparisons of performance way simply reflect different sample
characteristics rather than the actual relative s;rengthlof the tests.
Table V-1l compares the means of the samples used in various studies
with the mean of the samples for the Agency primary and holdout samples.
As shown in the Table, the means of the key financial variables for ﬁhe
Agency bankrupt firm sample are higher than those of firms used in other
studies, which indicates that the firms used by the Agency had greater
average financial strengthf This difference could be expected to result
in higher Ep scores for the other tests if the Agency bankrupt samples
had been used in evaluating those other tests. The non-bankrupt sample
of firms shows more mixed results. In some cases the means of the EPA
samples show greater financial strength; in other cases, other studies
show greater financial strength. Thus no strong conclusion is possible
about ho& ANB for other studies would change if applied to the Agency

samples.

v-31



TABLE V-10

ESTIMATED PERFORMANCE OF TESTS DEVELOPED
BY PRIOR BANKRUPTCY FORECASTING STUDIES

Study Name Type of Test MB v Mw A ANB EP

1 Altman (1968)1/ 5-Variable MDA 17.0 29.4 87.1 5.8
Altman (1977)3/ 7-Variable MDA 15.1 25.5 89.1 5.0
Deakin (1972)2/ l4-Variable MDA 8.0 18.0 94.0 3.0
Deakin (1976)3/ 5~Variable MDA N& 17.0 75.0 5.0

‘l/Performance based upon results reported in Altman (1977). No Holdout

Sample was used in Altman (1968), but this test was evaluated against
the new sample developed in Altman (1977). Note that Altman (1977)
Bankrupt Sample contains 5 firms which did not fail.

Z/Primary Sample Performance from Altman (1977). No Holdout Sample
was used.

3/

<~"Holdout Sample results are reported in Deakin (1972).

i/L based on results reported for M - for all firms passing the test
and entering bankruptcy from 1-3 years following passing the test.
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FIGURE V-7

RESULTS OF OTHER STUDIES PLOTTED WITH EPA ONE-YEAR
PERFORMANCE CURVE AND HOLDOUT SAMPLE RESULTS
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TABLE V-11

COMPARISON OF SAMPLE MEANS FOR EPA AND OTHER
BANKRUPTCY FORECASTING STUDIES
A. Bankrupt Firms Samples:
Data Year
Financial x-1 x-2 x-3
Parawmeter -
EPA EPA Deakin Altman EPA EPA Deakin Altman EPA EPA Deakin Altman
Primary Holdout (1972) (1968) Priwmary Holdout (1972) (1968) Primary Holdout (1972) (1968)
CF/TL -.046 ~.117 -.088 NA .017 -.007 - ~.052 Na .049 .008 ~.001 Na
TL/NW 7.78 3.22 -51.00 26.78 3.67 3.67 10.66 3.35 1.84 3.99 8.52 1.58
CURRAT 1.51 1.35 .70 1.33 1.58 1.60 .89 1.31 1.97 1.72 1.44 1.62
QRAT .17 .67 .35 NA .87 .77 .48 NA 1.07 .90 .53 NA
NUK/TA .13 .09 -.21 -.06 .18 .22 -.07 .02 .25 .23 .18 .18
B. Non-Bankrupt Firm Samples:
Data Year
Financial x-1 r-~2 x-3
Parameter g
EPA EPA Deakin Al tman Altman EPA EPA Deakin EPA EPA EPA Deakin EPA
Primary Holdout (1972) (1968) (1977) Primary lloldout (1972) Utilities| Primary Holdout (1972) Juciticies
CF/FL .261 .239 .132 NA . 314 .278 172 150 114 L2171 .232 115 113
TL/HW 1.08 .997 1.5 NA NA 1.18 1.07 .89 1.41 1.20 1.17 .91 1.41
CURRAT 2.75 2.61 2.33 NA 2.60 2.29 2.26 2.37 1.26 2.42 2.50 2.51 1.11
QRAT 1.38 1.40 1.13 NA NA 1.22 1.26 1.18 .91 1.37 1.45 1.24 .74
NWK/TA .30 .32 .33 .41 NA .29 .30 .33 .02 .28 .32 .35 .01
SOURCE:

Moody's Industrial Manual and company annual Form 10-K reports for EPA samples; orlginal artfcles cited for other samples.




In order to provide better methods of éomnaring tests, Deakin
(1972) tests were evaluated using the Agency holdout sample using Ey
rather than Ep. The Agency used Ey because it required gathering only
one vear rather than two years of additional data. The result of this
evaluation is shown in Figure V-8 and the resuits of the Deakin test are
summarized in tabular form in Table V-12. When both the Agency's and
Deakin's tests are compared against the same sample of firms, the per-
formance is comparable. Seven of the Agency's tests fall below the
performance curve for Deakin's test and seven are above it. Two of the
one-~-year eligibility tests are not comparable. (If the line connecting
the last two points representing Deakin's tests were extended, both of
these noncomparable tests would be above this hypothetical performance

curve.)
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FIGURE V-8
COMPARISON OF EPA AND DEAKIN (1972) TESTS USING EPA NOLDOUT SAMPLE
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TABLE V-12

PERFORMANCE OF DEAKIN 14-VARIABLE TEST
VERSUS EPA HOLDOUT SAMPLES*

E
Test Cutoff PH
Score (x~3) AxBH D By
20.0 0 49 49 | 0
25.0 9.4 74 66 2.4
27.0 12.9 . 81 68 3.5
30.0 | 31.2 88 | 55 8.3

*C and Ep scores cannot be computed because only one year of
data, x-3, was analyzed against the Deakin test.
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VI. THE NEED FOR ALTERNATIVE TESTS FOR SPECIFIC INDUSTRIES

A number of commenters argued that no single financial test could
be selected as an appropriate indicator of firm viability; because
financial ratios varied greatly among industries. Many of these same
commenters proposed that separate financial tests shoﬁld be formulated
for each industry category.. The Agency was generally opposed to such a
concept, because such a structure would greatly increase the édministra-
tive complexity of the finangial responsibility regulations. Initially,
it would be a difficult task to determine the number and type of cate-.
gories that would be appropriate for this purpose. For many industries,
data on bankrupt firms would be so limited that the statistical validity
of a test derived from such data would be very questionable. Further-
more, even if a. framework énd set of tests could be established, many
large firms with diversified facilities would not fit easily into any
classification scheme. For example, if a pareﬁt firm primarily involved
in chemicals manufacturing attempted to use the financial test provision
to guarantee the waste disposal operations of its subsidiary, a pulp
mill, a decision rule would have to be developed on whether the firm
should be classified under the chemicals or paper category. The Agency
believes that the addition of such complexities could only be justified
if there is compelling evidence that the financial test alternatives
evaluated in this analysis all discriminated against specific
industries.

This Section examines the negd for industry specific tests for
three categories of industry: manufacturing firms by two digit SIC

classification; utilities; and hazardous waste management firms.
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A, Manufacturing Industries

To test the hypothesis that specific manufacturing industries may
be unable to pass a general financial test, the Agency collected finan-
cial data for all the firﬁs listed in the Expanded Coverage section of
the 1980 Moody's Industrial Manual (Volume l). Using the Dun and

- Bradstreet Million Dollar Directory, the Agency identified the 2-digit

SIC classifications corresponding to each firm's major mmﬁufacturing
activities. Table VI-1 shows the number of firms examined by 2-digit
SIC classification activities. The Agency then tested this sample
against the four financial_ratios which consistently provided the best
classification performance in the initial evaluation of test alterna-
tives: cash flow/total liabilities, total liabilities/net worth, net
fixed assets/tétal assets, and currént assets/current liabilities.

The results of this evaluation, as shown in Tables VI-2 through VI-
5, do not in any way support the argument for indﬁstry-specific tests.
Although there are some isolated differences between industries in cases
where stringent ratio cutoff points are assumed, each of the four ratios
has at least one commonly used cutoff value (NFA/TA > .2, CF/TL > .l,
TL/NW < 2.0, CURRAT > 1.5) which at least 75 percent of the firms in
each 2-digit SIC can pass. The discrimination among industry groups
resulting from the use of-a single test therefore appears slight and
well within the boundaries of difference illustrated by other financial
indicators (e.g., bond ratings). Consequently, there is no justifi-
cation for requiring industry specific tests for manufacturing

industries.
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TABLE VI-1

NUMBER OF FIRMS BY SIC CLASSIFICATION
USED IN TABLES VI-2 THROUGH VI-6

SIC 'Description of Industry ogu?gigs
20 Food and kindred products 33
22 Textile mill products 8
24 Lumber and wood products, except furniture 15
26 | Paper and allied products 17
28 Chemicals and allied products 51
29 Petroleum refining and related industries 13
30 Rubber and miscellaneous plastics products 29
32 Stone, clay, glass, and concrete products 19
33 Primary metal industries 26
34 Fabricated metal products, except machinery YA

and transportation products
35 Machinery, except electrical 65
36 "Electrical and electronic machinery, equipment 38
and supplies
37 Transportation equipment 33
38 Measuring, analyzing, and controlling instru- 20
ments; photographic, medical and optical
goods; watches and clocks
39 Miscellaneous manufacturing industries 14
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TABLE VI-2

PERCENTAGES OF FIRMS IN MANUFACTURING INDUSTRIES PASSING OR FAILING
GIVEN CASH FLOW/TOTAL LIABILITY (CF/TL) REQUIREMENTS
(Based on Sample Described in Text)

CF/TL
SIC Description of Industry
<.10 >.10 >.15 >.20
20 Food and kindred products 9.1 90.9 72.7 48;5
22 Textile mill products 18.7 81.3 62.5 50.0
24 Lumber and wood products, 13.3 86.7 73.3 60.0
except furniture
26 Paper and allied products - 100.0 88.2 64.7
28 Chemicals and allied products 9.8 90.2 72.5 47.1
29 Petroleum refining and 7.7 92.3 76.9 53.8
related industries
- 30 Rubber and miscellaneous 3.4 96.6 75.9 55.2
plastics products
32 Stone, clay, glass, and 10.5 89.5 84.2 68.4
concrete products . '
33 Primary metal industries 3.8 96.2 61.5 42.3
34 Fabricated metal products, 6.8 93.2 68.2 40.9
except machinery and
transportation products
35 Machinery, except electrical 7.7 92.3 72.3 50.8
36 Electrical and electronic 10.5 89.5 81.6 57.9
machinery, equipment, and
supplies .
37 Transportation equipment 9.1 90.9 66.7 24,2
38 Measuring, analyzing, and - 100.0Q 75.0 55.0
controlling instruments;
photographic, medical and
optical goods; watches and
clocks
39 Miscellaneous manufacturing 7.1

industries

92.9 64.3

57.1
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TABLE VI-3

PERCENTAGE OF FIRMS IN MANUFACTURING INDUSTRIES PASSING OR FAILING

GIVEN NET FIXED ASSETS/TOTAL ASSETS (NFA/TA) REQUIREMENTS
(Based on Sample Described in Text)

. NFA/TA
SIC Description of Industry
: <.20 >,20 >.25 >.30
20 Food and kindred products 9.1 90.9 75.8 66.7
22 Textile mill products - 100.0 93.8 87.5
24 Lumber and wood products, 13.3 86.7 73.3 |  66.7
except furniture _
26 Paper and allied products - 100.0 100.0 94,1
28 Chemicals and allied products 7.8 92.2 80.4 72.5
29 Petroleum refining and - 100.0 92.3 92.3
related industries
30 | Rubber and miscellaneous 10.3 89.7 89.7 | 86.2
plastics products o
32 Stone, clay, glass, and 10.5 89.5 78.9 78.9
: concrete products
33 Primary metal industries 3.8 96.2 84.6 76.9
34 Fabricated metal products, 13.6 86.4 72.7 63.6
except machinery and
transportation products
35 Machinery, except electrical 18.5 81.5 70.8 50.8
36 Electrical and electronic 21.1 . 78.9 71.1 47.4
machinery, equipment, and
supplies
37 Transportation equipment 12.1 87.9 | 75.8 51.5
38 Measuring, analyzing, and 20.0 80.0 65.0 55.0
controlling instruments;
photographic, medical and
optical goods; watches and
clocks b
39 Miscellaneous manufacturing 28.6 71.4 50.0 42.9
industries
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TABLE VI-4

PERCENTAGE OF FIRMS IN MANUFACTURING INDUSTRIES PASSING OR FAILING
GIVEN TOTAL LIABILITIES/NET WORTH (TL/NW) REQUIREMENTS
(Based on Sample Described in Text)

TL/NW
SIC | Description of Industry ;
>2.0 {<2.0}f <1.,5}{ <1.2]<1.0
20 | Food and kindred products 9.1} 90.9 | 78.8} 69.7 | 42.4
22 | Textile mill products - |100.0 | 93.8 | 75.0{ 56.3
24 | Lumber and wood products, 20.0 | 80.0 | 73.3 | 73.3} 46.7
except furniture
26 | Paper and allied products 5.9 | 94,1} 88.2 | 76.5| 52.9
28 | Chemicals and allied products| 3.9 | 96.1 | 80.4 | 47.1 | 31l.4
29 | Petroleum refining and - 7.7 |1 92.3 | 61.5 | 46.2 | 15.4
related industries
30 | Rubber and miscellaneous 3.4 ] 96,6 | B6.2 ) 65.5 ] 48.3
plastics products
32 | Stone, clay, glass, and 10.5 | 89.5 ) 84.2 | 63.2 ) 57.9
concrete products
33 | Primary metal industries 3.8} 96.2 | 73.1 | 57.7 | 38.5
34 Fabricated metal products, 6.8 93.2 75.0 52.3 36.4
except machinery and
transportation products
35 | Machinery, except electrical 6.2 | 93.8 | 83.1 | 58.5 | 46.2
36 | Electrical and electronic 5.3 ] 94.7 | 8l.6 | 63.2 | 44.7
machinery, equipment, and
supplies
37 | Transportation equipment 6.1 | 93.9 | 69.7 | 39.4 | 24.2
38 | Measuring, analyzing, and - {100.0 | 85.0 | 80.0 | 40.0
controlling instruments; '
photographic, medical and
optical goods; watches and
clocks
39 | Miscellaneous manufacturing 14.3 | 85.7 | 78.6 | 64.3 | 57.1
industries
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TABLE VI-5

PERCENTAGE' OF FIRMS IN MANUFACTURING INDUSTRIES PASSING
OR FAILING GIVEN CURRENT RATIO (CURRAT) REQUIREMENTS
(Based on Sample Described in Text)

. CURRAT
SIC Description of Industry - )
<1.5 >1.5 >2.0
20 Food and kindred products 6.1 93.9 48.5
22 Textile mill products 6.2 93.8 68.8
24 Lumber and wood products, except 6.7 93.3 53.3
furniture
26 Paper and allied products . 5.9 94.1 70.6
28 Chemicals and allied products 9.8 90.2 56.9
29 Petroleum refining and related 23.1 76.9 15.4
industries
30 Rubber and miscellaneous plastics . 3.4 . 96.6 69.0
products o o
32 Stone, clay, glass, and concrete 5.3 94.7 68.4
products .
33 Primary metal industries 3.8 96.2 53.8
34 Fabricated metal products, except 6.8 93.2 68.2
machinery and transportation
products
35 Machinery, except electrical 9.2 90.8 58.5
36 Electrical and electronic 13.2 86.8 50.0
machinery, equipment, and
‘supplies
37 Transportation equipment 15.2 84.8 54,5
38 Measuring, analyzing, and control- - 100.0 70.0
ling instruments; photographic,
medical and optical goods;
watches and clocks
39 Miscellaneous manufacturing - 100.0 64,3
industries
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B. Electric Utilities

In their comments on the propose& financial test of May 19, 1980,
firms in the electric utility industry asserted that utilities could not
be analyzed using "normal™ financial logic, and should be judged under
alternative criteria. Utilities objected to the use of net working
capital as a required component of a financial test, since many firms in
each category operate regularly from a negative net working capital
position. Both the data submitted by the commenters and an indepeadent
check by the Agency verified that utilities do operate with negative net
working capital. As a result, any test which requires tha; net working
capital be some multiple of financial responsibility obligations will
fail most utilities, |

The Agency also examined the question of the extent to which
specific ratio requirements might consistently fail viable utilities,
To examine this issue, a samﬁle of 26 electric utilities were drawn from

the 1978 and 1979 Moody's Public Utilities Manual (see Table VI-6).

Table VI-7 illustrates the performance of this sample against the key
single~ratio tests identifie& in Section IV. As can be seen, a number
of these ratios are totally unsuited for analyzing utility viability.
The following financial ratios and pass=fail cutoff points were iden-
tified as potentially acceptable tests:

CF/TS > .1

TL/NW < 2.0, < 1.5

NI/TA > .02, > .04

NFA/TA > .2, > .25, > .3
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TABLE VI-6

FINANCTAL DATA FOR THE ELECTRIC UTILITY SAMPLE

Black Uills

Contrad

Cent ral

e .0 (passes all

P 2000 (passes aldl

tests)y F o<

tests); F o<

20.0 (fafls all tests)
10,0 (fails all tests)

l/l' S0 (passes all Lests); F o> 2,0 (falls al) tests)
’ f"/l' 2.0 (passes adll rests); F o< .S (Falls al) cests)
5/

P 1.2 (passes all tests); Koo

L0 (Fat)s all cests)

o + ‘ . .
Year NI CF QA CA CL Th NW TA ][NFA/ '!‘Al"' HTAY .é / T/ Nw‘y CURR A'r—lﬁ/ quA'xL’—/

1977(x-1) 3.2 6.7 4.3 6.5 14.5 84.6 38.8 123.4 P ¥ F ¥ ¥
Power and Light 1976(x-2) 3.2 5.3 2.5 3.6° 11.5 55.7 38.4 94,1 P 1 1.45 ¥ ¥
1975(x-13) 3.0 4.9 2.3 3.8° 11.6 40.8 27.4 68.2 P 12.0 1.49 F ¥
Bouton Fdison 1977(x-1) | 37.6 82.5 105.0 126.0 177.0 948.0 520.0 [1468.0 P ¥ 1.82 3 ¥
1976(x-2) 39.8 82.7 91.0 112.0 155.0 899.0 473.0 1372.0 P ¥ 1.90 F ¥
1975(x-3) 33.8 72.2 95.0 112.0 163.0 878.0 432.0 1310.0 P ¥ F F ¥
Carallua Powver l97'l(x;-l) 121.0 192,11 91.0 181.0 120.0 1542.0 1186.0 2778.6 P 12.5 1.30 1.51 3
and Light 1976 (x-2) f 11,0 173.4 61.0 123.0 102.0 411,00 |1145.0 ]2556.0 P 12.3 1.23 [ ¥
1975(x-13) 92,2 138.8 56.0 140.0 91.0 1356.0 1049,0 2405.0 P 10.2 1.29 1.54 ¥

e e — — S A e ]
Cont ral Hadson 1977(x-1) ] 17.8 11.1 27.3 41.9 51.4 233.0 186.0 419.0 [ 13.4 1.25 ¥ ¥
and Etectrice 1976 (x~-2) 15.9 28.8 24.3 37.8 47.8 229.0 167.0 396.0 P 12.6 1.37 ¥ 3
1975(x~13) 14.4 27.0 20.0 31.8 30.8 214.0 162.0 376.0 P 12.6 L.32 ¥ ¥
Central 1) linols 1977(x~1) 21.6 49,2 58.0 81.0 63.0 490.0 288.0 758.0 P 10.0 1L.70 ¥ ¥
Light Company 1976(x-2) 23,5 46.7 54.0 70.0 87.0 484.0 . 252.0 736.0 P ¥ 1.92 ¥ 3
1975(x-3) 18.0 36.9 51.0 72.0 106.0 451.0 230.0 681.0 P. F 1.96 F ¥
linols 1977(x-1) 37.1 63.8 63.0 102.0 98.0 629.0 389.0 1018.0 P 10.1 1.62 ¥ r
Public Service Co. 1976 (x-2) 30.6 54.7 34.0 60.0 62.0 518.0 322.0 840.0 P 10.6 1.61 ¥ F
1975(x~13) 27.8 49.6 35.0 59.0 77.0 465.0 288.0 753.0 P 10.7 1.61 F ¥
loulslana 1977(x~-1) 25.8 40.6 58.0 71.0 95.0 329.0 190.0 519.0 P 12.3 1.73 ¥ F
Eleetric Co. 1976(x-2) 25.5 38.7 38.0 46.0 47.0 275.0 179.0 454.0 P 14.1 1.54 F F
1975(x-3) 22.2 33.5 30.0 39.0 44.0 245.0 167.0 412.0 P 13.7 1.47 ¥ F
Central Malne Power 1977(x~1) 21.0 35.7 36.0 51.0 65.0 326.0 238.0 564.0 P 11.0 1.37 " F F
1976(x-2) 16.9 30.2 28.0 42.0 47.0 301.0 185.0 486.0 P 10.0 1.63 ¥ [
1975(x~3) 14.7 27.0 34.0 48.0 41.0 260.0 169.0 429.0 P 10.4 1.54 ¥ ¥
Con Fdison of Hew York 1977(x-1) | 323.6 493.2 876.0 1031.0 436.0 3552.0 3206.0 6758.0 P 13.9 l.ll‘ " 4
1976 (x~2) § 301..4 466,3 796.0 953.0 360.{0 3539.0 3050.0 6589.0 P 13.2 1.16 ¢ r
1975(x-3) | 25).4 406.7 689.0 826.0 270.0 3424.0 2891.0 6315.0 P 11.9 1.18 P P
El Paso Electrle 1977(x-1) 11.4 17.9 31.0 . 4C.0 65.0 222.0 109.0 3I31.0 P F F F ¥
1976 (x-2) 11.5 20.7 . 21.0 32.¢ 44.0 161.0 97.0 258.0 P 12.9 1.66 F ¥
1975(x-3) 10.1 15.4 25,4 35.C 43.0 158.G 83.0 241.0 1 4 F 1.9(_) ¥ [
Fapive biscriet 1927 (x-1) 5.9 10.6 11.0 16.0 124.0 84.0 60.0 144.0 4 12.6 1.40 F F
Elevurie Co, 1976(x-2) 4.3 8.6 7.0 11.0 104.0 69.0 50.0 119.0 ' 12.5 1.38 ¥ F
1975(x-13) 3.9 8.0 4.0 7.0 97.0 65.0 40.0 105.0 P 12.3 1.63 F F
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TABLE VI-6 (Continued)

Mo of . . o . .
i Year NI CF QA CA (WA ¥l Hw 'I'A NFA/TAl/ Cl"/'l‘l;g'/ 'l'l./NN"!/ J CURt |(/\'l"19/ QK/\'I'?'/
R MU SN SIS SRSV SENU U, - - DR SO W R
Florida fower and bight 1977(x~1) | 180.4 305.4 105.0 237.0 237.0 314.0 2536.0 4072.0 P 12.0 1.65 I ¥
1976(x-2) { 116.8 205.3 142.0 264.0 274.0 |2417.0 1450.0 3867.0 P F 1.67 [ ¥
1975(x-2) | 145.2 227.5 102.0 210.0 282.0 12149.0 1269.0 3418.0 P 1.06 1.69 ¥ F
General Public 1977(x-1) | 142.8 240,0 156.0 261.0 190.0 ]2478.0 ]1827.0 ]4305.0 P F 1.136 F F
Utidity Corp. 1976(x-2) | 121.2 209.6 163.0 238.0 188.0 2352.0 11643.0 |]3955.0 P ¥ 1.43 ¥ ¥
1975(x-3) | 107.4 190.8 142.0 209.0 155.0 ]2061.0 1584.0 3645.0 P ¥ 1.30 ¥ ¥
Ohio Fdison 1977(x~1) | 111.6 170.2 119.0 190.0 148.0 }1277.0 1166.0 2443.0 P 13.3 1.10 F ¥
1976(x-2) | 103.2 151.2 79.0 136.0 126.0 1147.0 934.0 }2081.0 P 13.2 1.23 ¥ ¥
1975(x~3) 83.4 123.5 58.0 107.0 204.0 1031.0 805.0 1836.0 r 12.0 1.28 F F
Peansy lvanla Power 1978(x-1) | 149.0 222.1 NA 291.0 364.0 1814.0 1525.0 3339.0 P 12.2 1.19 F 13
and Light 1977(x~2) | 149.8 217.8 NA 330.0 215.0 |1704.0 1346.0 3050.0 P 12.8 1.27 . 1.53 NA
1976 (x~3) [ 1121} 174.6 NA 259.0 211.0 |1503.0 1164.0 2667.0 P 11.6 1.29 | F NA
Peoples Gas Co. 1978(x-~1) | 130.5 254.7 NA 581.0 449.0 |1882.0 924.0 |2806.0 P 13.5 F F NA
1977(x~2) | 115.7 229.6 NA 418.0 369.0 }1619.0 858.0 |2497.0 4 14.0 1.91 ¥ NA
1976(x~-3) | 113.0 216.9 NA 290.0 345.0 1592.0 744.0 }2336.0 P 13.6 F - F [
Philladelphia Electrice 1978(x~1) | 184.9 301.4 NA 363.0 292.0 }2791.0 |2059.0 |4850.0 P 10.8 1.36 F NA
Company 1977(x~2) § 173.4 281.2 NA 342.0 224.0 {2577.0 |1971.0 [4548.0 4 10.9 1.31 1.53 NA
1976(x~3) | 164.6 261.1 HA 311.0 214.0 |2356.0 1861.0 ]4217.0 P 11.1 1.27 F NA
Pledmwont Natural Gas 1978(x~1) 5.1 9.4 NA 36.7 30.4 109.0 50.0 159.0 P F F F NA
1977(x~-2) 5.1 9.3 Na 30.3 0.3 100.0 49.0 149.0 P F F F NA
1976 (x~3) 6.3 10.5 NA 23.2 28.8 89.0 49.0 138.0 P 11.8 1.81 F ¥
Ploneer Corporation 1978 (x-1) 34.0 59.2 NA 155.0 116.0 321.0 173.0 494.0 P 18.4 1.85 F NA
1977 (x~2) 38.2 59.0 NA 136.0 106.0 258.0 161.0 419.0 P P 1.60 F NA
1976 (x-3) 38.0 56.4 NA 135.0 96.0 247.0 136.0 383.0 P [ 1.82 F NA
e e e e e . -
Port band Ceneral 1978 (x~1) 56.6 82.2 NA 8l1.4 186.4 984.0 633.0 1617.0 P F 1.55 ¥ F
Elecerte 1977 (x~2) 37.0 59.17 NA 61.8 116.8 774.0 568.0 1342.0 P F 1.3 ¥ F
1976 (x-3) 52.0 59.2 NA 58.7 126.7 685.0 495.0 1180.0 P ¥ 1.138 F F
Poromae Electrie 1978(x-3) 78.8 137.9 NA 195.0 149.0 '|1287.0 827.0 2114.0 P 10.7 1.56 F NA
Pawer G, 1977(x-2) B4.9 14}1.9 NA 234.0 160.0 ['1286.0 773.0 12059.0 P 11.0 L.66 F NA
1976 (x-3) 77.0 131.6 NA 156.0 189.0 ]1093.0 753.0 1846.0 P 12.0 1.45 F F
Public Scervice Co. of 1978(x-1) 57.7 102.4 NA 194.0 184.0 933.0 720.0 |1653.0 P 11.0 1.30 F NA
Colorado 1977(x-2) 51.0 92.5 NA 170.0 148.0 830.0 664.0 |1494.0 p 11.1 1.25 F NA
1976(x-3) 54.7 - 94.0 NA 159.0 127.0 786.0 615.0 1401.0 P 12.0 1.28 F NA
Public Service Co. of 1978(x-1) 87.17 140.7 NA 223.0 187.0 1219.0 825.0 2044.0 P 11.5 L.48 F HA
tudiana 1977(x-2) 88.5 134.2 NA 162.0 141.0 1026.0 699.0 1725.0 P 13.1 L.47 ¥ NA
1976 (x-3) 5.0 117.5 NA ~23.0 169.0 841.0 617.0 1458.0 P 14.0 1.36 F ¥
Public Service Co, of 1978(x-1) 36.5 51.3 NA 72.0 L74.0 500.0 .*2.0 812.0 [ o 10.3 1.60 F F
Hoew dlampshie 1977(x-2) 21,7 5.8 NA 61.0 95.0 165.5 275.0 640.0 [ 4 F 1.3) ¥ ¥
1976 (x-3) 2).0 3.8 NA 02.40) 52.0 3n0.0 230.0 540.0 | 11.2 1.34 F NA
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TABLE VI-6 ((.‘unc buited)

Year Hi CF QA CA [HE T NW TA NFA/‘I'A;, l.‘l"/'l'l.g/ 'l'l./NN'y (,‘UHI(/\’I'-@/ (ll(/\'l“i,
1978 (x~-1) 66.8 102.4 NA 199.0 163.0 860.0 694.0 1554.0 P 11.9 1.24 ¥ NA
1977(x-2) 60.2 92.8 NA - | 187.0 213.0 831.0 582.0 1413.0 P 11.2 1.43 F ¥
1976(x-3) 50.5 80.5 NA 146.0 181.0 706.0 481.0 1187.0 P 11.4 L.47 ¥ ¥
1978(x-1) 11.4 17.4 NA 15.8 16.7 169.0 79.0 248.0° P 10.3 ¥ ¥ ¥
1977(x~2) 8.7 14.3 NA 1.1 11.0 134.0 73.0 207.0 | 10.7 1.84 ¥ NA
1976(x-3) 6.4 11.2 NA 10.8 8.7 127.0 63.0 190.0 [ 4 F F ¥ NA




TABLE VI-7

APPLICABILITY OF FINANCIAL TESTS TO UTILITIES
. (26 Firm Samples)

| X T
! Avpu- AvBu
> , (One-Year |(Three-Year
Test
Single Ratio Iests Eligibility [Eligibility
Requirement) |Requirement)

CF/TL > .1 77 54
CF/TL > .15 4 4
CF/TL .2 0 0
TL/NW < 2.0 81 77
TL/NW < 1.5 46 38
TL/NW < 1.2 12 4
TL/NW < 1.0 0 0
NI/TA > .02 100 100
NI/TA > .25 34 46
NWK/TA > .25 0 0
CURRAT > 1.5 12 8
CURRAT > 2.0 4 4
QRAT > 1.0 8 4
QRAT > 1.2 4 4
NFA/TA > .25 100 100
NFA/TA > .3 100 100

by

A\IBU = Percent of viable utilities passing a given test.
N
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Given this reduced list of acceptable parametefs, only 28 of the
151 multi-ratio tests were classified as applicable to utilities. These
tests were then evaluéted against the utility sample, with the results
summarized in Table VI-8 and VI-9. For many of the higher Ep score
values, the tests that can be effectively applied to utilities are also
thosé which are most effective for other industries. .If, however, a
greater than 90 percent reduction in the overall rate of large fimm
bankruptcy is sought, the tests which permit an acceptable percentage of
utilities to pass also reject a higher percentage of other viable firms.
This disparity is illustrated in Figure VI-l, which contrasts one-year
teéts on the performance curve with utility applicable tests, using only
tests applicable to utilities derived in Sectianv.

C. Hazardous Waste Management Firms

Because the majority of ﬁirms curreantly in the hazardous waste
management business are either privately.held or single-site entities
with assets less than $1 million .(Foster D. Snell, 1976), it was not
possible to assemble a sample of hazardous waste management firms which
could be used to evaluate test applicability.

Table VI-10 shows average ratios for hazardous waste management
firms from 1971-1975. These ratios suggest thac.che average hazardous
waste management firm would have little difficulty with possible net
fixed assets to total assets requirements. However the average firm in
this industry would have had trouble in many of these years with pos-
sible current ratio‘and total liability to net worth requirements. The

average profits to total debt ratio suggests an uncertain picture with
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TABLE VI- 8

OVERALL EFFECTIVENESS OF UTILITY-APPLICABLE
FZNANCIAL TESTS

(One~Year Eligibility Requirement)

Test Test

Number | Description EP ANB ANBU
Pags All:

11 CF/TL > .1 6.1 77 42
TL/NW < 1.5

12 CF/TL > .1 6.8 81 69
TL/NW < 2.0

15 NI/TA > .04 6.3 66 31
TL/NW < 1.5

16 NI/TA > .04 7.3 72 46
TL/NW < 2.0

19 NI/TA > .02 6.5 77 46
TL/NW < 1.5

20 NI/TA > .02 7.4 82 : 81
TL/NW - < 2.0

2 out of 3:

97 CF/TL > .1 9.7 86 42
TL/NW < 1.5
CURRAT > 2.0

98 - CF/TL > .1 9.3 93 69
TL/NW < 2.0
CURRAT > 2.0

99 CF/TL > .1 10.1 91 42
TL/NW < 1.5
CURRAT > 1.5

100 CF/TL > .1 10.1 96 69
TL/NW < 2.0 :
CURRAT > 1.5

109 CF/TL > .1 8.3 82 42
TL/NW < 1.5
QRAT > 1.2

110 CF/TL - > .1 8.4 87 69
TL/NW < 2.0
QRAT > 1.2
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TABLE VI-8 (Continued)

Test Test
Number| Description EP ANB ANBU

119 CF/TL > .1 9.5 88 42
TL/NW < 1.5
QRAT > 1.0

120 CF/TL > .1 9.1 92 69
TL/NW < 2.0
QRAT > 1.0

Pass All:

123 NFA/TA > .3 3.3 55 42
CF/TL > .1
TL/NW < 1.5

124 NFA/TA > .3 3.1 59 69
CF/TL > 1
TL/NW < 2.0

125 NFA/TA > .25 2.9 62 42

' CF/TL > .1
TL/NW < 1.5

126 NFA/TA > .25 3.6 66 69
CF/TL > .1
TL/NW - < 2.0

127 NFA/TA > 2 3.8 75 69
CF/TL > .1
TL/NW < 2.0

2 out of 3:

130 NFA/TA > .3 7.1 73 46
CF/TL > .2
TL/NW < 1.5

133 NFA/TA > .3 6.8 80 46
CF/TL > .15
TL/NW < 1.5

134 NFA/TA > .3 4.6 79 | 77
CF/TL > .1
TL/NW < 1.0

135 NFA/TA > .3 5.6 83 77
CF/TL > .1
TL/NW <1l.2
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TABLE VI-8 (Concluded)

Test Test
Number | Description EP ANB ANBU
136 NFA/TA > .3 7.9 89 81
CF/TL > .1
TL/NW < 1.5
137 NFA/TA .3 9.1 92 88
CF/TL .1
TL/NW < 2.0
146 NFA/TA > .2 9.9 95 77
CF/TL > .1
CURRAT > 2.0
3 out of 4:
149 NFA/TA > .3 6.0 87 69
CF/TL > .1
CURRAT > 2.0
TL/NW < 1.5
150 NFA/TA > .3 5.5 81 42
CF/TL > .1
CURRAT > 2.0
TL/NW < 2.0
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TABLE VI-9

OVERALL EFFECTIVENESS OF UTILITY-APPLICABLE
FINANCIAL TESTS
(Three-Year Eligibility Requirement)

Test Test
Number | Description EF ANB ANBU
: Paés All:
11 CF/TL > .1 3.7 70 35
TL/NW < 1.5
12 CF/TL > .1 5.2 76 58
TL/NW < 2.0 :
15 NI/TA > .04 4.7 56 <20
 TL/NW < 1.5
16 NI/TA > .04 6.1 60 23
TL/NW < 2.0
19 NI/TA > .02 4.9 69 38
TL/NW < 1.5
20 NI/TA > .02 . | 6.6 75 77
TL/NW < 2.0 '
2 out of 3:
97 CF/TL > 1 7.7 75 35
TL/NW < 1.5
CURRAT > 2.0
98 CF/TL .1 8.6 82 58
TL/NW < 2.0
CURRAT > 2.0
99 CF/TL > .1 8.2 80 35
TL/NW < 1.5
CURRAT > 1.5
100 CF/TL > .1 9.7 84 58
TL/NW < 2.0
CURRAT > 1.5
109 CF/TL > .1 6.5 72 3s
TL/NW < 1.5
QRAT > 1.2
110 - CF/TL > .1 7.4 78 58
TL/NW < 2.0
QRAT > 1.2
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TABLE VI-9 (Continued)

Test Test )
Number Descri_.o tion EP A“NB ANBU

119 CF/TL .1 8.0 78 35
TL/NW < 1.5
QRAT - > 1.0

120 CF/TL > .1 8.2 83 58
TL/NW < 2.0
QRAT > 1.0

Pass All:

123 NFA/TA > .3 1.6 49 35
CF/TL > .1
TL/NW < 1.5

124 NFA/TA > .3 1.5 53 58
CF/TL > .1
TL/NW < 2.0

125 NFA/TA > .25 1.4 56 35

' CF/TL > .1

TL/NW < 1.5

126 NFA/TA > .25 2.2 59 58
CF/TL > .1
TL/NW 2.0

127 NFA/TA > .2 1.9 67 58
CF/TL > .1
TL/NW < 2.0

2 out of 3:

130 NFA/TA > .3 4.9 64 38
CF/TL > .2 '
TL/NW < 1.5

133 NFA/TA > .3 4.7 72 42
CF/TL: > .15
TL/NW <1l.5

134 NEA/TA > .3 2.9 72 62
CF/TL > .1
TL/NW < 1.0

135 NFA/TA > .3 4.1 77 62
CF/TL > .1
TL/NW 1.2
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TABLE VI-9 (Concluded)

Test Test
Number | Description : Ep ANB AvBy
136 NFA/TA > .3 5.4 82 65
CF/TL > .1
TL/NW < 1.5
137 NFA/TA > .3 7.3 86 81
- CF/TL > .1
TL/NW < 2.0
146 NFA/TA > .2 9.5 83 62
CF/TL > .1
CURRAT > 2.0
3 out of 4: .
149 NFA/TA > .3 5.0 74 58
CF/TL > .1
CURRAT > 2.0
TL/NW < 1.5
150 NFA/TA > .3 . 4,1 71 35
CF/TL > .1 ' .
CURRAT > 2.0
TL/NW < 2.0
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PERFORMANCE CURVE FOR TESTS WITH ONE-YEAR ELIGIBILITY REQUIREMENTS
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TABLE VI-10

AVERAGE RATIOS OF HAZARDOUS WASTE MANAGEMENT FIRMS, 1971-1975

1971 1972 1973 1974 1975
Current Ratio
a. Firms whose main objective is hazardous 1.58 1.77 1.42 "1.33 4 1.28
waste management . _ ‘
b. Corporations having divisions or sites 1.28 1.61 1.81 2.04 1.83
engaged in hazardous waste management : )
Total Debt/Equity
a. Firms whose main objective is hazardous 1.20 - 1.19 1.18 1.60 1.64
waste management _
b. Corporations having divisions or sites 1.37 1.66 2,43 - 1.96 NA
engaged in hazardous waste management ' . :
Profits/Total Debt
a. Firms whose main objective is hazardous NA .096 . 102 . 134 .182
waste management
b. Corporations having divisions or sites .127 .098 .056 .076 .075
engaged in hazardous waste management » . '
Net Fixed Assets/Total Assets
a. Firms whose main objective is hazardous .65 .64 .62 .555 .60
waste management _ v
b. Corporations having divisions or sites .62 .57 .63 .60 .62

engaged in hazardous waste management

SOURCE: Foster D. Snell, 1976.



respect to the ability of the average firm in the industry to meet the |,

possible cash flow/total liability requirements. This ability would
depend in at least some years on total depreciation, amortization and
depletion allowance._

Thus, firms in the hazardous waste management industry-could be
expected to have difficulty meeting many possible financial tests even
without a $10 million in net worth requirement. However, tﬁis reflects
the financial weakness of this industry during this period rather than
some unique financial feature of the industry. The study from which the
ratios in Table VI-10 are drawn states:

Since 1973, long term debt has remained stable for the
industry as financial institutions have been reluctant to
invest capital in the industry because: hazardous waste
management firms in general did not have strong finamncial
positions, and the growth of the industry was deemed risky in
future periods. Short debt financing has increased from $3.2
million in 1971 to $7.2 million in [975. This high cost debt
financing additionally points out the current problems of the
industry in obtaining lower cost long-term capital. (Foster
D. Snell, 1976).

The share of hazardous waste facilities owned by hazardous waste
management firms with over $10 million in net worth and independently
audited 'is small. Only 26 facilities are owned by the four largest
hazardous waste management firms which are independently audited. ' The
next eight to nine largest firms are all privately held and are unlikely
to be independently audited. The majority of off-site facilities are
owned by relatively small firms with less than $10 million in net worth
(Booz, Allen & Hamilton and Putnam, Hayes & Bartlett, 1980). The 26
facilities which are owned by large, independently audited firms thus

represent only ébout 1 percent of the 2,500 facilities owned by firms

eligible for a financial test.
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A careful examination of the balance sheets of two of the larger
firms in the industry which own 12 of the 26 facilities, Browning Ferris
~ Industries (BFI) and SCA Services, Inc. showed their performance with
respect to the relevent ratios as summarized in Table VI-11. BFI would
. pass 13 of the 16 financial tests on the performance curve for tests
with one-year or three-year elibibility requirements. SCA would pass 12

of these 16 tests.
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TABLE VI-~11

RATIOS FOR BROWNING FERRIS INDUSTRIES (BFI)
AND SCA SERVICES, INC.

Firm Name | Year of Data CF/TL | TL/NW | NFA/TA | CURRAT | ORAT NI/TA
BFI (x-1) 1978 | 17.5 |1.13 | B | 160 | P P
(x=2) 1977 15.5 1.10 P Fg/ P P
(x=3) 1976 15.7 1.12 P 1.64 P P
ScA (x-1) 1978 15.4 1.52 P 1.65 P 4.0
(x-2) 1977 14.9 1.55 P F P 3.0

=P
2/

Passes all tests using this variable. .

)
1]

Fails all tests using this variable.
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VII. BOND RATINGS

Seyeral commenters on thg May 19; 1980 reproposed financial respon-
siﬁiliﬁy regulations suggested that corporate bond ratings should be
used as an alternative or substitute for the proposed financial test.
The Agency therefore analyzed the possibility of using corporate bond
ratings as an assurance of financial responsibility.

Bonds are a form of long-term debt. They may be unéecured, or
secured by collateral such as equipment, marketable securities, or fixed
assets. Certain bonds include specific promises concerning the use of
special sinking funds. Repayment of other categories of bonds may be
subordinated to repayment of other debt instruments. |

Bond ratings provide an appraisal of the ability of firms to repay
these long-term debts. They are used extensively by the financial
community for the purpose of providing a long-term credit risk evalu-
ation of the relative likelihood of timely payment of interest and
repayment of principal of specific bond instruments. Many banks,
including large ones, rely almost exclusively on rating service evalu-
ations of bonds and do not have internal groups which independently
evaluate the riskiness of their bond portfolios (Kaplan and Urwitz,
1979).. Because bond ratings measure the ability of firms to meet a
long~term debt, they are better adépted to an analysis of long-term
financial responsibility than are ratings of short-term credit and trade
credit.

The Agency did not attempt to evaluate the performance of ratings

of specific types of bonds, Rather, it considered the ratings
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performance of all categories of long~term debt that were (1) identified
as bonds by either of the two major bond ratings services and (2) rated
by either of them.

The two major Fatings services are Moody’s Investors Services, Inc.
(Moody’s) and Standard and Poor’s Corporation (Standard and Poor’s).
Each has long experience in rating corporate bonds. Moody’s and
Standard and Poor’s rate almost all corporate bond issues of $5Imillion
aﬁd over in principal amount with or without request from the issuer.
The bonds of certain issuers (including newly created companies in most
cases) are not rated, and ratings of other issuances are carried out
only upon request and afe not pubiished except upén permission of the
issuer.

Both major ratings services provide nine basic ratings of corporate
bonds. Figure VII-l provides a listing of the ratings given by Moody’s
and the interpretation of each rating as suggested by Moody’'s. Figure
VII-2 provides the ratings and their interpretations used by Standard
and Poor’s. The ratings classifications are highly qualitative, and
neither rating service suggests any specific quantitative equivalent for -
the ratings assigned.

The top foui ratings of both services are assigned to bonds consid-
ered to be of investment grade, while the remaining ratings are assigned
to bonds that are considered to be speculative. Ratings of each bond
issuance are reviewed periodically and may be upgraded or downgraded.

Table VII-l provides a distribution of corporate bond ratings issued by
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Aaa

Bonds which are rated Aaa are judged to be of the best
quality. 7They carry the smallest degree of investmcnt risk
and are generally referred to as "gilt edge." 1Interest payments
are protected by a large or by an exceptionally stable margin
and principal is secure. While the various protective elements
are likely to change, such changes as can be visualized are
most unlikely to impair the fundamentally strong position
of such issues. '

Aa

Bonds which are rated Aa are judged to be of high qualirty
by all standards. Together with the Aaa group they comprise
what are generally known as high grade bonds. They are
rated lower than the best bonds because margins of protec-
tion may not be as large as in Aaa securities or fluctuation
or protective elements may be of greater amplitude or there
may be other elements present which make the long term
risks appear somewhat larger than in Aaa securities.

A ~
Bonds which are rated A possess many favorable invest-
ment attributes and are to be considered as upper wedium
grade obligations. Factors giving security to principal and
interest are consldered adequate but elements may be present
which suggest a susceptibility to iwpairment sometime in the

- future. .

Baa

Bonds which are rated Baa are considered as medium
grade obligations, i.e., they are neither highly protected nor
poorly secured. Interest payments and principal security ap-
pear adequate for the present but certain protective elements
may be lacking or may be characteristically unreliable over

FIGURE

any great length of time. Such bonds lack outstanding invest-
ment characteristics and in fact have speculative charvacteristics
as well.

Ba

Bonds which are rated Ba are judged to have speculacive
elements; their future cannot be considered as well assured.
Often the protection of interest and priucipal payments may
be very moderate and thereby not well safeguarded during both
good and bad times over the future. Uancertainty of position
characterizes bonds in this class.

B

Bonds which are rated B generally lack characteristics of the
desirable investment. . Assurance of interest and principal payments
or of maintenance of other terms of the contract over any long
period of time may be small.

Caa

Bonds which are rated Caa are of poor standing. Such issues
may be in default or there may be present elements of danger with
respect to principal or interest.

Ca

Bonds which are rated Ca represent obligations which are
speculative in a high degree. Such Issues arce often in default
or have other marked shortcomings.

C
Bonds which are rated C are the lowest rated class of bonds and

issues s0 rated can be regarded as having extremcly poor prospects of
ever attaining any real investment standing.

VII-1
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. . . L . Bonds rated BB, B, CCC, and CC arve regarded, on balance, as predon;.
A Standard & Poor's corporate or municipal bond rating is a current assessment of - BB

. . . . . T S nanly speculative with respect to capucity 10 pay interest and repay principal
the creditworthiness u.l an uhllgur w!lh respect (o a speatic debt ubh{;;nllou. This B . accordance with the terms of the obligation. BB indicates the lowest degree
assessment may take into consideration obligors such as guarantors, insurers, or cce of speculation and CC the highest degree of speculation. While such Londs
lcss'c-cs. o . . will likely have some quality and protective characieristics, these are ow.

Ihe bond rating is not a recommendation to purchase, sell, or hold a security cc weighed by large uncertainties or major risk exposures 1o adverse conditions,
inasmuch as it does not conment as 1o market price or suitability for a particular . L
investor, . C The rating Cis reserved for income bonds on which no interest is being paid.

The ratings are based on corrent information furnished by the issuer or obtained Bonds rated D are in default, and payment of interest and/or repayment of
by Standard & Poor’s from other sources we consider reliable. We do not perform an D

.. . . . . . X . principal is in arrears.
audit in conneciion with any rating and may, on occasion, rely on unaudited financial

information. The vatings may be changed, suspended, or withdrawn as a result of Plus (+) or Minus (~): The raiings from AA 10 BB may be I?l().dlrlcd by the
changes in, or unavailability of, such inforination, or for other reasons. addition of a plus or minus sign to show relative stunding within the major

The vatings are based, in varying degrees, on the following considerations: valing categories.
- . - . isi ings: “p” indic: ; e rating is provisi
L. Likelihood of default —capacity and willingness of the obligor as w Provisional Ratings: The lewer “p f"‘,{c Hes ”'f" ll'i rating [ l':_ f".'al'-
the timely payment of interest and repayment of principal in accor- A provisional rating assuines the Nf“c.”ml unnp’cuon ol e I_)“.)JF“
dance with the terms of the obligution financed by the bonds being rated and indicates that payment of debt service

requircments is largely or entirely dependent upon the successful and timely

11. Nature of and provisions of the obligation . completion of the project. This rating, hawever, while addressing cvedit qual-

I Protcciion afforded by, and relative position of, the obligation in the ‘ ifY subscquent o (.:omplelion of the P"_‘).'lc“'- m:~|k‘cs "‘{ CO"“I'"‘f'“ O'lll‘llh'f like-
event of bankrupicy, reorganization, or other arrangement under lihood of, or ‘he_"Sk f’r defaul upon tailure 0‘-.5“C.h .‘"’)".'I’ C‘f""}- I'QCI?:‘ICS-
the laws of bankruptcy and other laws affecting creditor’s rights tor sh.ould exercise his or her own judgment with respect to such likelthood

and risk.
Bonds m“.:d I.‘AA have (.hc highcq rating assigned by Sl.“"fh".d. & Poor’s to Indicates that no rating has been requested, that there is insufficient infor-
AAA  a deb obligation. Capacity 10 pay interest and repay principal is exuemely NR  mation on which to base a rating, or that Standard & Poor’s does not rate a
stroug.

particular type of obligation as a mauer of policy.
Bonds vated AA have a very strung capacity 1o pay interest and repay prin-

AA . see . . H Debt obligations of issuers outside the United States and its territories are
cipal and differ from the highest-vated issues only in a small degree. rated on the same basis as domestic corporate and municipal issues. The
Bonds vated A have a strong capacity o pay interest and repay principal, ratings measure the creditworthiness of the .oll!ig()l', but do not 13ke into
alkthough they are somewhat more susceptible to the adverse effeas of account currency exchange and other unceriainties.

A changes in ci.rcums(unr.cs and economic conditious than bonds in higher- Bond Investment Quality Standards: Under present commercial bank reg-
rated categories. ' : ulations issued by the Comptroller of the Currency, bonds rated in the 1op
Bonds rated BBB are regarded as having an adequate capacity to pay interest four categories (AAA, AA, A, BBB, ffn‘mmo‘nly kn(mjn as “investment gl:a'dc"
and repay principal. Although they normally exhibit adequate protection ratings) ave generally regarded as eligible ln.r bank investnient. In addition,

BBB pavamciers, adverse economic conditions or changing circumsiances are the legal investment laws of various states impose certain ratings or other
move likely 1o lead 10 a weakeued capacity to pay interest and repay priucipal - standards for obligations chglblc for invesunent by savings b.mks trust com-
tor bonds in this category than for bonds in higher-rated categories. panices, insurance companies, and fiduciaries generally.

FIGURE VII-2
STANDARD & POOR'S CORPORATE RATING DEFINITIONS



TABLE VII-1

PERCENTAGE DISTRIBUTION OF PUBLICLY OFFERED
STRAIGHT CORPORATE BONDS

Amount 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975%/
in billions 7.8 14.8 10.9 9.5 23.1 21.3 12.3 12.3 24.8 3L.1
Asa & Aa 487 427 487 53%° 50%7 53% 60%7 617  64%  57%
A 19 19 17 27 38 32 28 29 29 36
Baa & below 27 30 23 20 11 11 8 5 6 7
Not rated 6 9 12 0 L1 4 5 1 3

i/ 11 months.

SOURCE: Backer and Gosman (1978).
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Moody's for recent years. Table VII-2 shows the number of outstanding
bond issues rated by Moody's at a point in time in July 1981. According
to this Table, 86 percent of the outstanding bond issues rated by
Moody's as of that time would be acceptable for satisfying the bond
rating portion of the financial test.

Both ratings services insist that a bond rating is based on tﬁe
specific bond instrument in question, and does not imply a-rating for
other instruments of the firm or a rating of the firm as a whole. This
is due, in part, to the fact that different bonds are secured by dif-
ferent types and amounts of-collaceral, and by diffe;ent types of other
so-called “structural credit supports” such as third party guarantees,
segregated cash flow,'Ar insurance., However, the rating agencies do
carry out an analysis of the situation of both the industry and of the
company within the industry and a financial analysis of the company, and
these analyses also affect the rating assigned to the specific bond
instrument. |

According to Standard and Poor's Ratings Guide, ratings are based,
to varying degrees, on the following considerations:

I. Likelihood of default-—-capacity and willingness of the
obligor as to the timely payment of interest and
repayment of principal in accordance with the terms of
the oblngCion

I1. Nature of and provisions of the obligation'

III. Protection afforded by, and relative position of, the

obligation in the event of bankruptcy, reorganizationm,
.or other arrangement under the laws of bankruptcy and

other laws affecting creditor's rights

(Standard and Poor's Ratings Guide, 1979)
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TABLE VII-2

OUTSTANDING BOND ISSUES*

JULY 1981

Moody's Ratings olgu?::;'es ' 1:::::frc]iesnsﬁxac-:gse
Investment Grade o

Aza , 750 13

Aa : 1140 20

A - 2029 35

Baa 1012 jfi__
Total Investment Grade 4931 86
Below Investment Grade

Ba 339 6

B 320 6

Caa ‘ | 95 2

Ca ‘ ' 38 1

c ") 2
Total Below Investment Grade - 802 15

*#Includes: Industrials, Utilities, Transportation, Banks. and Finance
Companies.

Note: Totals may exceed 100% due to rqunding error.

SOURCE: Ron Lewis of Moody's Corporate Bond Department.

VII-7




The wide scope of bond ratiﬁg agency analysis can be better
appreciated from the description given by Brenton W. Harris, a former
President of Standard and Poor's, when listing the factors used as a
basis for assigning bond ratings:

l. Issuing documents: ... In determining a rating, the
indenture 1is far 1less important than the company's
earning power, financial resources, and property protec-
tion. This is not to say, however, that the indenture
does not have a great bearing onm a bond rating...

2. Earnings: the past record and foreseeable potential are,
in most cases, the single most important factor in credit
rating. High levels of earnings frequently preclude
liquidity problems because access to short-term cash
needs can be readily accommodated. Remembering that bond
ratings turn on timely vrepayment of principal and
interest, strong cash flows generated by high and con-
tinued earnings, combined with an adequate depreciationm,
depletion, and amortization policy where applicable,
contribute a healthy plus factor to the determination of
a bond rating...

3. Asset protection: Asset protection generally is more
important as a long-term consideration than as one
influencing immediate 1liquidity. The analysis here is
primarily statistical and, hence, highly objective. Of
primary interest are the ratio of its working capital to
its debt; the ratio of its debt to its equity; and the
ratio of its total net tangible assets to its debt. The
relative importance of these major ratios depends on the
type of industry the company is in...

4, Management: Evaluating management is one of the most
difficullt chores a rating agency faces. But management
is one of the most 1important facets of a successful
operation. It is my opinion that the single most impor-
tant reason for the failure of the Penn Central was the
inability of its management to deal with its problems,..

5. Financial resources are, of course, the largest single
area in which liquidity has a direct impact on long-term
debt rating. 1In looking at the financial resources of a
company, we are concerned not ounly with a company's cash
position but also with its ability to obtain cash. This
area of financial resources, which constitutes one of the
five fundamental areas of investigation to determine
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long-term debt rating, 1is the test of liquidity ...
Briefly stated, the financial resources we consider are
those alternative sources of borrowing that a firm may
use to raise cash for either long- or short-term debt
repayment. They include the amount of cash reserves on
hand 1including salable receivables; the short-term
borrowing potential, particularly bank lines; the ability
of. the company to tap the long-term debt market, partic-
ularly at the time of its choosing; the ease with which
the company could sell stock; and the potential sale of
assets~—obviously the weakest alternative, -

(Quoted in Backer and Gosman, 1978)
The Agency is satisfied that the actual establishment of a rating
is the result of the informed judgment of trained analysts based on a
detailed study of all of the above factors, and does not involve the
mechanical application bf formulae. Bond ratings are therefore a dif-
ferent type of analysis qf financial liability than a financial test.
Spokesmen for the ratings services emphasize the point that bond ratings
are based on expert judgment {Backer and Gosman, 1978). Although some
investigators have questioned this assertion (Ross 1976, Sherwood 1976),
arguing that bond ratings services rely on explicit cutoff points of
particular financial ratios, a thorpugh recent study of bond and other
financial ratings procedures prepared for the National Association of
Accountants reported, with respect to the importance of financial ratios
in credit rating evaluations, that:
All interviewees stated the belief that financial ratios were
of moderate to strong importance in their credit rating evalu-
ations. However, almost all those interviewed cautioned that
such financlal measures were not the only thing of importance;
additional considerations frequently wmentioned included

quality of management, future for product, and general
economic conditions., (Backer and Gosman, 1978).
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The same study conducted a statistical analysis to determine which
ratios seemed to be most important by comparihg a group of bonds that
had not been downgraded and group of bonds that had been downgraded.
The most statistically significant ratio was found to be cash flow to
long-term debt. However, the statistical results also indicated.that a
number of other ratios could also be of some importance: return on
sales, return on total assets, return on tangible net worth, long-term
debt to capitalization, net tangible assets to long-term debt, long-term
debt to property and equipment, and cash flow to total debt. This
statistical examination of downgraded bonds compared to bonds that were
not downgraded would probably have revealed a specific fo;mula had one
existed. No such specific formula was found.

The Agency, in order to assess the actual performance of bond
ratings in predicting default, first conducted a literature search for
previous studies of performance. A variety of sources suggest that bond
ratings can be used as a reasonably good indicator of the quality of
corporate debt. (See Lev, 1974; Fraine and Mills, 196l; and Fiedler,
1971.) The only sources for detailed statistical data supporting this

conclusion, however, are two studies by W.B. Hickman, Corporate Bond

Quality and Investor Experience (1958), and Statistical Measures of

Corporate Bond Financing Since 1900 (1960).

Although Hickman's "work is somewhat dated, covering the period
1900-1943, it does examine a period of economic volatility which
provides a good test of the results of ratings services. The ratings

used are those assigned at the time of issue., Thus, if the bond was
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downgraded prior to default but after issue, this would not be reflected
in these ratings. Given the volatility of the economy'for the period in
question, and the_fact that changes in ratings are not accounted for use
of -these data results in a strict judgment of bond ratings. In addi-
tion, staﬁistical analysis of the performance of bond ratings is
difficult for recent periods because so few firms with rated bonds have
gone bankrupt that creation of a useful sample is almost impossible.
The Agency noted, for example, that none of the firms in its sample'of
bankrupt firms between 1966 and 1979 had an investment grade rated bond
issuance.

In a study incorporating Hickman'é findings, T.B. Atkinson compared
prewar and postwar (through 1965) corporate bond quality. He concluded
that:

U.S. corporate bonds defaulting in the postwar period (from
1945 through 1965) averaged less than 0.1 percent of the
volume of outstanding, or about one-half billion dollars in
all. This compares with 1.7 percent of the outstanding bonds
which defaulted during 1900-43. The postwar defaults were
concentrated in bonds of the railroad industry, many of which
had been outstanding before 1920 or had been refundings of the
original bonds issued prior to that year, (Atkinson, 1967)
It should be noted that these percentages of outstanding bonds which
defaulted include bonds of investment and speculative quality.

In order to analyze the effectiveness of agency ratings in
predicting defaults, the Agency applied a general procedure similar to
that used to calculate the effectiveness (E) of various financial tests.

Hickman reported in his study the percentage of the total value of

outstanding bonds of a particular rating defaulted upon by firms with
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these bonds and the percentage of the total value not defaulted.
Although there 1s no direct evidence correlation between the default
rates of bonds and firms, it was assumed that as a rough approximation
the accuracy of opredicting defaults on bonds is equivalent to the
accuracy in identifying defaulting firms. Therefore, the percentages
reported by Hickman were used in columns 1 and 2 of Table VII-3 a§ the-
equivalents of the Mp and Ayp measures obtained when a particular
financial test 1s applied to the bankrupt and to the non?bankrupt firm
samples developved by the Agency. Using two alternative estimates of the
baseline failure rate, effectiveness measures (E) were calculated for
each grade of bond ratings in the top four categories. The results of
this analysis are given in Table VII-3. The first assumption is the
baseline of 22 per 10,000 used earlier in this report. The second
reflects the possibility that the baseline failure rate for the kinds of
fims which would have rated bonds might be as low as 11 per 10,000.
Public bond ratings are generally given to bond issuances from
substantial firms. A significant number of larze public bond issues are

not rated at all. This category of unrated public debt issues has a
much higher failure rate than tﬁe failﬁre rate of those which are
rated. The unrated issues are excluded from the entire rating system,
and from the percentages shown in the Table,

As can be noted from the Table, the results are quite different
depending upon whether one considers the ratings for public utilities,
industrials, and transportation companies combined, or only the ratings
for industrials (and public utilities, though they are not showm). One

important reason why bond ratings, taken as a whole, did not operform
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Agency Raving

A.

TABLE VII-]

rexruMANCE OF AGENCY RATINGS (1900-1943)

All Corporate
Bonds Rated
(Industrials,
public utilities,
railroads)

1

[l or above

1il or above

4/

IV or above -
Induscrials Ouly
L

It or abovue

LIt or above

1V or uhoveg/

Percentage of
Defaulting
Firms

1/

Percentage of
Nondefaulting
Firms.

with‘Racina(Aﬁi)

1

Effectiveness in Predicting Defaults

Per 10,000 Firms (F) Assupling

Baseiine Failure Rgte
22/10,000%

Basceline Fallure

With Rating (M )= (F) = Rate = 11/10,0003
| u

6.6 19 7.6 3.8

.-

17.1 46 8.5 !

44.3 74 13.0 6.5

72.5 94 16.8 8.3
0 13 0 0

33 3.3 1.7

28 66 9.5 4.7

73 93 17.3 8.6

For this Table, it is assumed that the accuracy of predicting defaults on bonds is equivalent to the
accuracy in identifying defaulting firms.

F(1-(1/100 x Column 1))

Calculated as:

1/100 x Column 2

Calculated as 1/2 of Column 3 .

= Effectiveness for Bond Rating

Agency ratings of IV or above represent investment grade bonds.




better during this period is that transportation company bonds, speci-
fically those of railroads, were ovefrated and suffered very high
failure rates, even for firms in the highest rating categories.

The column of Table VII-3 labeled "Percentage of Non-Defaulting
Bonds With Rating” shows the proportion of non-defaulting bonds by
dollar value included in each set of rating categories. The investment
grade ratings I-IV include the vast majority of all rated bonds. They
include 94 percent of all rated corporate bonds and 93 percent of all
rated industrial bonds. Thus, about 6 percent of corporate bonds and 7
percent of industrial bonds are eliminated by insisting om a fating of
investment grade or better. This means that over 94 percent of the
dollar value of all corporate bonds rated were rated as investment grade
or above.

The top two classes of investment grade ratings are much more
restrictive. TFor all bonds, only 46 percent had one of the top two
ratings, and only 19 percent had the top rating. The Agency therefore
concluded that the top two bond ratings are roughly equivalent to the
effectiveness of a relatively stringent financial test, assuming that
the baseline failure rate is approximately 1l per 10,000 for the firms
likely to use the test rather than 22 pef 10,000. A réting of 1V or
above, in éontrast, is- about equivalent to the effectiveness of a less
stringent test. |

The Agency also performed a special study to determine the effec-
tiveness of bond ratings as a means of financial responsibility for

utilities in particular. A sample of 113 utilities was drawn from
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Moody's Public Utilities Manual. All were large (greater than S$10
million in net worth), and were either electric or gas utilities. The

mix of bond ratings for these firms was as follows:

TABLE VII-4

UTILITY BOND RATINGS

NUMBER OF . - PERCENTAGE PERCENTAGE OF

RATING UTILITIES OF TOTAL RATED UTILITIES
Aaa | b 3.5 3.9

Aa 22 19.4 ~ 21.7

A 50 44.2 49.6

'Baa 25 o 22.1 . 26.8
Unrated 12 . 10.7 -

113 : 100.0 100.0

As can be seen, requiring that firms have.Aaa or Aa ratings to pass
the test would allow only 23-26 percent of u;ilities to pass this test.
If utilities with A ratings are included, 67?7S,perceht of utilities
would be able to pass, and a requirement that a firm_have an investment
grade bond rating wbuld aLiow about 89 percent or more to pass ;he
test. However, because the sample obtained did not contain any util-
ities with a rating lower than investment grade, the Agency could not

determine the precise effect of requiring an investment grade rating.
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VIII. RESULTS FOR ALL RATIO TESTS

This Section presents the Tables showing_the performance of all of
the ratio tests with respect to the evaluation cfiteria described in
Section IV.A for the primary sample. Tables VIII-l through VIII-4 give
bresults for tests with a one-year eligibility requirement and Tables
VIII-5 through VIII-8 give resul;s for tests with a three-year

i

eligibility requirement.
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(One-Year Eligibility Requirement)

PERFORMANCE OF TWO-RATIO TESTS

TABLE VIII-!

(Tests 1-36)

Test Test
Number Variables }% 'Mw ANB C D EP
1 CF/TL > .2 4.7 | 11.9 38 91.7% | 26.1 4.8%
TL/NW < 1.0
2 CF/TL > .2 4.7 | 14.2 41 90.5*% | 26.8 5,1%
TL/NW < 1.2
3 CF/TL > .2 9.5 16.6 41 87.0 24.4 7.0
‘ TL/NW < 1.5
A CF/TL > .2 9.5 16.6 41 87.0 26.6 7.0
TL/NW < 2.0
5 CF/TL > .15 4,7 14.2 52 90.5% | 37.8 4,0%
TL/NW < 1.0 :
6 ‘CF/TL > .15 4.7 16.6 59 89.3 42.4 4.0%
TL/NW < 1.2
7 CF/TL > .15 9.5 19.0 62 85.8 43.0 5,1%
TL/NW < 1.5
8 CF/TL > .15 7.1 21.4 63 85.7 41.6 5.0%
TL/NW < 2.0
9 CF/TL > .1 4.7 16.6 58 89.3 41.4 4, 1%
TL/NW < 1.0
10 CF/TL. > .1 4.7 21.4 71 87.0 49.6% 4. 1%
TL/NW < 1.2 '
1 |emm > .1 1.9 | 30.9 | 77 | 78.6 |46.1 | 6.1
TL/NW < 1.5
12 CF/TL > .1 11.9 38.0 81 75.0 43,0 6.8
TL/NW < 2.0
13 NI/TA >. .04 4.7 14.2 54 90.5*% | 39.8 3.9%
TL/NW < 1.0
14 NI/TA > .04 4,7 19.0 64 88.1 45.0 4.1%
TL/NW < 1.2
15 NI/TA > .04 11.9 26.1 66 - 81.0 39.9 6.3
TL/NW < 1.5
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TABLE VIII-1 (Continued)

Test Test
Number| Variables MB MW ANB C D EP
16 |NI/TA > .04 11.9 | 35.7 72 |l 76.2 136.3 7.3
TL/NW < 2.0 -
17 | NL/TA > .02 | 4.7 | 16.6 | 58 | 89.3 |4l.4 | 4.1%
TL/NW < 1.0 -
18 |NI/TA > .02 | 4.7 | 21.4 | 71 | 87.0 |49.6% | 4.1%
TL/NW < 1.2
19 |NI/TA > .02 | 11.9 | 33.3 77 77.6 | 43.7 6.5
TL/NW < 1.5
20 |wr/Ta > .02 11.9 | 42.8 | 82 |72.6 |39.2 | 7.4
TL/NW < 2.0
21 | cF/TL > .2 4.7 | 9.5 35 || 92.9% |25.5 4.5%
CURRAT > 2.0
22 |cr/m > .15 | 4.7 | 14.2 54 90.5% |39.8 3.9%
CURRAT > 2.0
23 | cr/L > .1 4.7 | 19.0 | 63 |l88.1 [44.0 | 4.2%
CURRAT > 2.0
26 | cF/TL > .2 4.7 | 9.5 | 41 J92.9% |31.5 3. 8%
CURRAT > 1.5 |
25 |cr/ > .15 | 7.1 | 19.0 | 62 |[87.0 |43.0 | 4.6%
CURRAT > 1.5 -
26 |ce/. > .1 | 119 | 33.3 | 81 [77.4 |a7.7x | 6.1
CURRAT > 1.5
27 | CF/TL > .2 4.7 | 9.5 | 28 |l92.9% |18.5 | 5.6%
QRAT > 1.2
28 |cr/ > 15| 4.7 | 119 | 42 [or.7x [30.1 | 4.3%
QRAT > 1.2
29 | cr/TL > .1 4.7 | 16.6 | s0  [[89.4 |33.4 | 4.7%
QRAT > 1.2 -
30 | CF/TL > .2 4.7 | 9.5 | 44 Jo2.9% |34.5 | 3.6%
QRAT > 1.0
31 {cr/ > .15| 4.7 | 14.2 | 55 [e0.5% |40.8 | 3.8%
QRAT > 1.0
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TABLE VIII-1 (Continued)

| Test Test '
| Number | Variables Yy My B c D Ep

32 JCF/TL > .1 7.1 26.1 66 83.4 39.9 5.6% |
QRAT > 1.0

33 TL/NW < 1.0 7.1 16.6 54 88.1 37.4 4.8%
CURRAT > 2.0

34 TL/NW < 1.2 11.9 23.8 65 82.2 41.2 6.0
CURRAT > 2.0 : :

35 TL/NW < 1.5 16.6 30.9 69 76.2 38.1 7.6
CURRAT > 2.0

36 TL/NW < 2.0 16.6 35.7 72 73.9 36.3 8.0
CURRAT > 2.0 '

37 TL/NW < 1.0 4.7 21.4 62 87.0 40.6 4.6%
CURRAT > 1.5 :

38 | TL/NW < 1.2 9.5 | 28.5 76 81.0 | 47.5% | 5.5%
CURRAT > 1.5

39 TL/NW < 1.5 19.0 45.2 84 67.9 38.8 8.4
CURRAT > 1.5

40 | TL/NW < 2.0 23.8 57.1 91 59.6 33.9 9.8
CURRAT > 1.5

41 TL/NW < 1.0 7.1 11.9 42 90.5*% | 30.1 5.0%
QRAT > 1.2

42 TL/NW  <.1.2 7.1 19.0 49 86.9 30.0 5.9
QRAT > 1.2

43 TL/NW < 1.5 9.5 23.8 51 83.4 27.2 7.2

4 QRAT > 1.2 o

44 TL/NW < 2.0 9.5 26.1 54 82.2 27.9 7.3
QRAT > 1.2 ’

45 | TL/NW < 1.0 7.1 | 11.9 52 90.5% | 40.1 4.0%
QRAT > 1.0

46 TL/NW < 1.2 9.5 19.0 63 85.8 44.0 5.0%
QRAT > 1.0

47 TL/NW < 1.5 14.2 26.1 68 79.8 41.9 6.5
QRAT > 1.0
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TABLE VIII-1 (Concluded)

Test Test s
Number | Variahles My M A\B c D Ep
48 | TL/NW = < 2.0 14.2 | 33.3 74 76.2 | 40. 7.1
QRAT > 1.0
49 | NI/TA > .04 4.7 | 19.0 57 88.1 | 38. 4.6%
CURRAT > 2.0
so0 | NI/TA > .04 9.5 | 30.9 73 79.8 | 42. 6.1
CURRAT > 1.5.
S1 | NI/TA > .02 4.7 | 26.1 64 84.6 | .37. 5.3%
CURRAT > 2.0
52 | NI/TA > .02 9.5 | 45.2. | 83 72.7 | 37. 7.2
CURRAT > 1.5
53 | NI/TA > .04 ‘4.7 | 14.2 46 90.5%| 31. 4.5%
QRAT > 1.2
s4 | NI/TA > .02 7.1 | 23.8 49 84.6 | 25. 6.9
QRAT > 1.2 . : A
55 | NI/TA > .04 4.7 | 19.0 62 88.1 | 43. 4,2%
QRAT > 1.0
56 |NI/TA > .02 | 7.1 30.9 67 81.0 | 36. 6.2
QRAT > 1.0

*Exceeds performance of best single ratio tests.
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PERFORMANCE OF THREE~RATIO TESTS:

TABLE VIII-2

(One-Year Eligibility Requirement)

(Tests 57-88)

PASS ALL TO PASS

Test Test
Number | Variahles g M, B o D Ep

57 CF/TL > .2 4.7 7.1 33 94.1% 25.9 3.9%
TL/NW < 1.0
CURRAT > 2.0

58 CF/TL > .15{ 4.7 9.5 46 92.9% | 36.5 3.4%
TL/NW < 1.0
CURRAT 2.0

59 CF/TL > .1 4,7 9,5 50 92.9% 40.5 3.1%
TL/NW < 1.0
CURRAT > 2.0

60 CF/TL > W2 4.7 9.5 34 92.9% 24.5. L.6*
TL/NW < 1l.2
CURRAT > 2.0

6L |CF/TL > .2 | 4.7 | 9.5 | 3 92.9% | 24.5 | 4.6%
TL/NW < 1.5
CURRAT > 2.0

62 CF/TL > .15 4.7 11.9 51 91.7% 39.1 3.6%
TL/NW < 1.2
CURRAT > 2.0

63 CF/TL > .15 4.7 14.2 52 90.5%* 37.8 4.0%
TL/NW < 1.5
CURRAT > 2.0

64 CF/TL > .1 4.7 11.9 59 91.7% 47.1% 3.1*%
TL/NW <1l.2
CURRAT > 2.0,

65 CF/TL > .1 4.7 14.2 62 90.5% 47 .8% 3.4%
TL/NW < 1.5
CURRAT > 2.0

66 CF/TL > o1 4,7 19.0 62 88.1 43.0 4,2%
TL/NW < 2.0
CURRAT > 2.0

67 CF/TL > o1 7.1 23.8 76 84.6 52.2 . 4.5%
TL/NW < 1.5 '
CURRAT > 1.5

VIII-6




TABLE VIII-2 (Continued)

Test Test _ M
Number | Variables i W AvB c D

68 CF/TL > .1 7.1 33.3 - 80 79.8 46,.7%
TL/NW < 2.0
CURRAT > 1.5

69 CF/TL > .2 4.7 7.1 27 94,12 19.9
TL/NW < 1.0 :
QRAT > 1.2

70 | CF/TL > .15 4.7 | 9.5 36 92.9% | 26.5
TL/NW < 1.0 '
QRAT > 1.2

11 |cr/mr > 1| 4.7 9.5 38 92.9% | 28.5
TL/NW < 1.0
QRAT > 1.2

72 CF/TL > .2 4,7 9.5 28 92.9% 18.5
TL/NW < 1.2
QRAT > 1.2

73 CF/TL > .2 4.7 9.5 28 92.9%* 18.5
TL/NW < 1.5
QRAT > 1.2

74 CF/TL > 150 4.7 11.9 41 91.7% 29.1
TL/NW < 1.2
QRAT > 1.2

75 CF/TL > L8 4.7 11.9 41 91.7% 29.1
TL/NW < 1.5
QRAT > 1.2

76 |cr/mL > 1| 4.7 | 14.2 45 90.5% | 30.8

| TL/NW < 1.2

QRAT > 1.2

77 CF/TL > .1 4.7 14.2 46 90.5% 31.8
TL/NW < 1.5
QRAT > 1.2

78 CF/TL > 1| 4.7 16.6 47 89.3 30.4
TL/NW < 2.0
QRAT > 1.2

79 CF/TL > .2 4.7 7.1 34 94.1% 26.9
TL/NW < 1.0
QRAT > 1.0 .
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TABLE VIII-2 (Concluded)

Test Test

Number Variables g MW ANB C D EP
80 CF/TL > ,15 4.7 9.5 46 92.9% | 36.5 3.4%
TL/NW < 1.0
QRAT > 1.0
81 CF/TL > .1 4.7 9.5 49 92.9% | 39.5 3.2%
TL/NW < 1.0
QRAT > 1.0

82 CF/TL > .2
TL/Nw < 1.2
QRAT > 1.0

4.7 9.5 36 92.9% 26.5 4.3%

83 CF/TL > . 4.7 9.5 36 |} 92.9%* 26.5 4.3%

2
TL/NW < 1.5
1.0

QRAT > 1.

84 CF/TL > .15 4.7 11.9 52 91.7% 40.1 3.5%
TL/NW < 1.2
QRAT > 1.0

85 CF/TL > .15 4.7 11.9 | 54 91.7% 42,1 3.4%
TL/NW < 1.5 :
QRAT > 1.0

86 CF/TL > .1 4.7 14.2 59 90.5% 44.8 5.3%
TL/NW < 1.2
QRAT > 1.0

87 CF/TL > .1 4.7 16.6 62 89.3 45.4 3.8%
TL/NW < 1.5 :
QRAT > 1,0

88 CF/TL > .1 4.7 23.8 64 85.8 40.2 4,9%
TL/NW < 2.0
QRAT > 1.0

*Exceeds performance of best single ratio tests.
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TABLE VIII-3

PERFORMANCE OF THREE-RATIO TESTS: - PASS 2 OF 3 TO PASS

(One-Year Eligibility Requirement)
(Tests 89-120)

Test Test
Number | Variables | B My AvB Ic D Ep

89 | CF/TL > .2 7.1 | 21.4 62 85.8 | 40.6 | 5.0%
TL/NW < 1.0 )
CURRAT > 2.0

90 |ce/t > .15| 7.1 | 26.2 70 || 83.3 | 43.8 | 5.2%
TL/NW < 1l.0 :
CURRAT > 2.0

91 |CF/TL > .1 7.1 | 33.3 76 79.8 | 42.7 | s5.8%
TL/NW <1l.0
CURRAT > 2.0

92 |cr/TL > .2 | 11.9 | 26.2 72 81.0 | 45.8 | 5.8%
TL/NW < 1.2
CURRAT > 2.0

93 | CF/TL > .2 | 23.8 | 35.7 77 70.3 | 41.3 | 8.5
TL/NW < 1.5 '
CURRAT > 2.0

9 | cF/TL > .15 11.9 | 30.9 74 78.6 | 43.1 | 6.4
TL/NW <1l.2 :
CURRAT > 2.0

95 | CF/TL > .15 11.9 | 35.7 78 76.2 | 42.3 | 6.7
TL/XW <1l.5
CURRAT > 2.0

9% |cF/TL > .1 | 23.8 | 38.0 80 69.1 | 42.0 | 8.5
TL/NW < 1.2
CURRAT > 2.0

97 |cF/TL > .1 | 26.1 | 50.0 | 86 62.0 | 36.0 | 9.7
TL/NW <1l.5 '
CURRAT > 2.0

98 | CF/TL > .1 | 26.1 | s52.3 93 60.8 | 40.7 | 9.3
TL/NW < 2.0
CURRAT > 2.0

99 |cr/r > .1 | 23.8 | so.s o1 = | s8.4 | 31.5 |10.1
TL/NW <1.5
CURRAT > 1.5
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TABLE VIII-3 (Continued)

Test Test
Number Variables 5 % Avp C D Fp

100 | CF/TL > .1 | 28.5| 59.5 96 56.0 36.5 10.1
TL/NW < 2.0 _
CURRAT > 1.5

101 { CF/TL > .2 7.1 16.6 54 88.1 37.4 4,8%
TL/NW < 1.0
QRAT > 1.2

102 | cr/TL > 15| 7.1 19.0 59 "87.0 | 40.0 4.8%
TL/NW < 1.0 :
QRAT > 1.2

103 | CF/TL > .1 7.1 26.1 62 83.4 | 35.9 5.9
TL/NW < 1.0
QRAT > 1.2

106 | CF/TL > .2 7.1 21.4 64 85.8 | 42.6 4.9%
TL/NW < 1.2
QRAT > 1.2

105 | CF/TL > .2 14.2 ] 28.5 70 78.6 41.5 6.7
TL/NW < 1.5
QRAT > 1.2

106 | CF/TL > .15 7.1 23.8 69 84.6 | 45.2 4.9%
TL/NW < 1.2
QRAT > 1.2

107 | CF/TL > .15| 14.2] 30.9 72 77.4 | 41.1 6.9
TL/NW < I.5 :
QRAT > 1.2

108 | CF/TL > .1 7.1 28.5 77 82.2 | 48.5%| 5.1%

: TL/NW < 1.2 :

QRAT > 1.2

109 | CF/TL > .1 19.0| 42.8 82 69.1 39.2 8.3
TL/NW < 1.5
QRAT > 1.2 .

110 | CF/TL > .1 19.0 47.6 87 66.7 39.4 8.4
TL/NW < 2.0
QRAT > 1.2

111 | CF/TL > .2 7.1 16.6 59 88.1 | 42.4 A

: TL/NW < 1.0
QRAT > 1.0
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TABLE VIII-3 (Concluded)

Test Test '
Number Yariables MB MW ANB c D EP
112 CF/TL > .15 7.1 21.4 67 85.8 45.6 4, 7%
TL/NW < 1.0
QRAT > 1.0
113 | CF/IL .1 7.1 | 30.9 80 81.0 | 49.1 5.2%
TL/NW 1.0
QRAT > 1.0
114 CF/TL > .2 9.5 21.4 68 84.6 46.6% 4,9%
TL/NW < 1.2
QRAT > 1.0
115 CF/TL > .2 19.0 30.9 74 75.0 43.1 7.4
TL/NW < 1.5
QRAT > 1.0
- 116 CF/TL > .15 9.5 26.1 75 82.2 48.9% 5.2%
TL/NW < 1.2
QRAT > 1.0
117 CF/TL > .15 >19.0 35.7 79 72.7 43.3 7.6
TL/NW < 1.5 ‘
QRAT > 1.0
118 CF/TL > .1 11.9 38.0 83 75.0 45.0 6.6
TL/NW < 1.2
QRAT > 1.0
119 CF/TL > .1 26.1 50.0 88 62.0 38.0 9.5
TL/NW < 1.5
QRAT > 1.0
120 CF/TL > .1 26.1 50.0 92 62.0 42.0 9.1
TL/NW < 2.0
QRAT > 1.0

*Exceeds performance of best single ratic tests.
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TEST VIII-4

PERFORMANCE OF MULTI-RATIO FINANCIAL TESTS
INCLUDING NET FIXED ASSETS/TOTAL ASSETS

(One-Year Eligibility Requirement)
(Tests 121-151)

Test Test
Number! Variables: MB MW ANB C D EP
Pass All:

121 NFA/TA > .3 2.3 4.7 43 96.5% 38.3 1.7%
CF/TL > .1
TL/NW <1.0

122 NFA/TA > .3 2.3 4.7 53 96.5% | 48.3% | 1.4%
CF/TL > .1
TL/NW < 1.2

123 .NFA/TA > .3 4.7 11.9 55 91.7% 43.1 3.3%
CF/TL > .1 '
TL/NW < 1.5

124 NFA/TA > .3 4,7 11.9 59 91.7% 47.1%* 3.1%
CF/TL > .1 :
TL/NW < 2.0

125 NFA/TA > .25 . 4.7 11.9 62 91.7% 50.1% 2.9%
CF/TL > .1
TL/NW < 1.5

126 NFA/TA > .25 7.1 14,2 66 89.3 51.8% 3.6%
CF/TL > .1
TL/NW < 2.0

127 NFA/TA > .2 9.5 16.6 75 87.0 58.4% 3.8%
CF/TL > .1
TL/NW < 2.0

Pass 2 of 3:

128 NFA/TA > .3 7.1 11.9 62 90.5% 50.1% 3.3%
CF/TL > W2
TL/NW < 1.0

129 NFA/TA > .3 9.5 16,6 70 87.0 53.4% 4.0%
CF/TL > .2
TL/NW < 1.2

130 NF > <3 119.0 28.6 73 76.2 44,4 7.1
NEMEA L ‘
TL/NW < 1.5
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TABLE VIII-4 {Continued)

Test Test '
Number Variahles MB MW ANB o} D EP

131 NFA/TA .3 7.1 14.2 71 89.3 56.8% 3.3%
CF/TL .15
TL/NW 1.0

132 NFA/TA .3 9.5 19.0 76 85.8 57.0% 4, 1%
CF/TL .15
TL/NW 1.2

133 NFA/TA .3 19.0 30.9 80 75.0 | 49.1% 6.8
CF/TL .15
TL/NW 1.5

134 NFA/TA .3 9.5 23.8 79 83.4 55.2% 4.6%
CF/TL .1
TL/NW 1.0

135 NFA/TA .3 11.9 30.9 83 78.6 52.1% 5.6%
CF/TL .1
TL/NW 1.2

136  NFA/TA .3 19.0 45.2 89 67.9 43.8 7.9
CF/TL .1
TL/NW 1.5

137 NFA/TA .3 21.4 54,7 92 62.0 37.3 9.1
CF/TL .1
TL/NW 2.0

Pass All: _

138 NFA/TA .2 4.7 14.2 76 90.5% 61.8% 2.8%
CF/TL .1
CURRAT 1.5

139 NFA/TA .3 0 0 49 100.0* | 49.0% 0*
CF/TL 1
CURRAT 2.0

140 NFA/TA .3 2.3 2.3 31 97.7% | 28.7 1.6%
CF/TL .2
CURRAT 1.5

141 NFA/TA .2 2.3 7.1 55 95.3% 47.9% 1.9%
CF/TL .1
CURRAT 2.0
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TABLE VIII-4 (Concluded)

Test Test ,

142 NFA/TA > .2 2.3 4,7 | .32 96.5% 27.3 2.4%
CF/TL > .2
CURRAT > 2.0

143 NFA/TA > .2 4.7 9.5 58 92.9% 48.5% 2.6%
TL/NW < 1.2
QRAT > 1.0

144 NFA/TA > .3 2.3 4.7 49 96.5% 44,3 1.5%
TL/NW < 1.0
CURRAT > 1.5

145 NFA/TA > .3 4.7 7.1 49 94.,1% 41.9 2.6%
TL/NW < 1.5
CURRAT > 2.0

Pass 2 of 3:

146 NFA/TA > .2 21.4 | 64.2 95 - {f 57.2 30.8 9.9
CF/TL > .1
CURRAT > 1.5

147 NFA/TA > .3 16.6 23.8 70 79.8 46.2 6.3
CF/TL > .2 ‘
CURRAT > 2.0

148 NFA/TA > .3 21.4 | 30.9 80 73.9 49.1% | 7.1
CF/TL > .2
CURRAT > 1.5

Pass 3 of 4: _

149 NFA/TA > .3 14,2 | 33.3 87 76.2 53.7%# | 6.0
CF/TL > .1 - .
TL/NW < 2.0
CURRAT > 2.0

150 NFA/TA > .3 11.9 28.5 81 79.8 52.5% | 5.5%
CF/TL > .1 :
TL/NW < 1.5
CURRAT > 2.0

151 NFA/TA > .3 7.1 19.0 - 77 87.0 58.0% 3.7%
CF/TL > .1
TL/NW < 1.2
CURRAT > 2.0

*Exceeds performance of best single ratio tests.
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TABLE VIII->

PERFORMANCE OF TWO-RATIO TESTS

(Three-Year Eligibility Requirement)
(Tests 1-56)

Test Test .

Number | Variables My e Ap C

1 CF/TL .2 2.3 9.5 31 94.1 | 40. .2
TL/NW 1.0

2 CF/TL .2 2.3 | 11.9 34 92.9 | 22. .6
TL/NW 1.2

3 CF/TL .2 4.7 | 11.9 35 91.7 | 23. .2
TL/NW 1.5

4 CF/TL 2 4.7 | 11.9 36 91,7 | 24. .1
TL/NW 2.0

5 CF/TL .15 2.3 | 11.9 43 92.9 | 31. .6
TL/NW 1.0

6 | cr/TL .15 2.3 | 14.2 50 91.7 | 35. .7
TL/NW 1.2

7 CF/TL .15 4,7 | 14.2 52 90.5 | 37. .0
TL/NW 1.5

8 CF/TL .15 4.7 | 19.0 54 88.1 | 35. .8
TL/NW 2.0

9 CF/TL .1 2.3 | 14.2 49 91.7 | 34. .7
TL/NW 1.0 -

10 | CF/TL 1 2.3 | 19.0 62 89.4 | 43. .8
TL/NW 1.2

11 |cE/mL .1 2.3 | 21.4 70 88.1 | 48. .7
TL/NW 1.5

12 | CF/TL .1 4.7 | 30.9 76 || 82.2 | 45 .2
TL/NW 2.0

13 | N1/TA .04 2.3 | 11.9 41 92.9 | 29. .8
TL/NW 1.0

14 | NI/TA .04 2.3 | 16.6 51 90.5 | 34. .1
TL/NW 1.2 :

15 | NI/TA 046 | 4.7 19.0 56 88.1 | 37. .7
TL/NW 1.5
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TABLE VIII-5 (Continued)

Test Test
Number Variables MB Mw ANB c D EP

16 | NI/TA > .04 4.7 | 28.5 60 83.4 | 31.5 | 6.1
TL/NW < 2.0 :

17 | NT/TA > .02 2.3 | 14.2 49 91.7 | 34.8 | 3.7
TL/NW < 1.0

18 |{N1/TA > .02 | 2.3 | 19.0 60 89.4 | 41.0 | 3.9
TL/NW < 1.2

19 |NI/TA > .02 | 4.7 | 26.1 | 69 84.6 | 42.9 | 4.9
TL/NW < 1.5

20 | NI/TA > .02 | 7.1 { 38.0 75 77.4 | 37.0 | 6.6
TL/NW < 2.0

21 | CF/TL > .2 0 4.7 25 97.7% | 20.3 2.0%
CURRAT > 2.0

22 | CF/TL > .15 0 9.5 37 95.3 | 27.5 | 2.8*
CURRAT > 2.0

23 |cF/TL > .1 0 14.2 49 92.9 | 34.8 | 3.2%
CURRAT > 2.0

24 | CF/TL > .2 2.3 7.1 34 95.3 | 26.9 | 3.0%
CURRAT > 1.5

25 | cF/TL > .15 2.3 | 14.2 46 91.7 | 31.8 | 4.0
CURRAT > 1.5

26 |CF/TL > .1 | 4.7 26.1 64 84.6 | 37.9 | 5.3
CURRAT > 1.5

27 | CcF/TL > .2 0 4.7 20 97.7% | 10.5 | 2.5%
QRAT > 1.2

28 | CF/TL > .15 0 7.1 27 96.5% | 15.1 | 2.9%
QRAT > 1.2

29 |cr/L > .1 0 11.9 30 9.1 | 18.1 | 4.3
QRAT > 1.2

30 | cF/TL > .2 2.3 7.1 32 95.3 | 24.9 | 3.2%
QRAT > 1.0

31 | e/ > .15 | 2.3 | 11.9 43 92.9 {31.1 | 3.6
QRAT > 1.0
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TABLE VIII-5 (Continued)

Test Test
E
Number Variables MB MW - A'NB .C D P
32 CF/TL > .1 4.7 23.8 52 85.8 28. 6.1
QRAT > 1.0 _
33 TL/NW < 1.0 2.3 11.9 42 92.9 30. 3.7
CURRAT > 2.0
34 TL/NW < 1.2 7.1 19.0 50 87.0 31. 5.8
: CURRAT > 2.0
35 TL/NW < 1.5 9.5 23.8 55 83.4 31. 6.7
CURRAT > 2.0 - -
36 TL/NW < 2.0 11.9 | 30.9 56 78.6 25. 8.4
CURRAT > 2.0
37 TL/NW < 1.0 2.3 19.0 53 89.4 34, A
CURRAT > 1.5
38 TL/NW < 1.2 7.1 26.1 66 83.4 39. 5.5
CURRAT > 1.5
39 TL/NW < 1.5 9.5 35.7 76 77.4 40. 6.6
CURRAT > 1.5
40 TL/NW. < 2.0 16.6 50.0 80 66.7 30. 9.2
CURRAT > 1.5
41 TL/NW < 1.0 2.3 7.1 26 95.3 18. 4.0
QRAT > 1.2
42 TL/NW  <.1.2 2.3 14.2 30 91.7 15. 6.1
QRAT > 1.2
43 | TL/NW < 1.5 4.7 | 19.0 33 88.1 | 14.0 | 7.9
QRAT > 1.2
44 TL/NW < 2.0 4.7 21.4 33 86.9 11. 8.7
QRAT > 1.2
45 TL/NW < 1.0 4.7 19.5 46 92.9 | 36. 3.4
QRAT > 1.0 :
46 TL/NW < 1.2 7.1 16.6 50 88.1 33. 5.2
QRAT > 1.0
47 TL/NW < 1.5 11.9 23.8 54 82.2 30. 7.3
QRAT > 1.0
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