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Abstract:

One of the elements of company’s evaluation is an analysis of bankruptcy risk
metrics. In this study, the accuracy of bankruptcy predictions generated by
EBITDA-based and cash flow-based liabilities-coverage ratios is evaluated within a
sample of data from the Polish market. The study is based on a sample of 92
companies, in which case a bankruptcy filing was announced in a period between
the beginning of 2009 and the end of the first half of 2016. The statistical analysis
has confirmed the usefulness of the investigated liabilities-coverage ratios. Even
though the sample covers wide variety of businesses, the logit models with only one
ratio used as an explanatory variable are capable of identifying bankrupt firms (with
one-period-ahead forecast horizon) in about 66-76% of cases. However, this
research has not confirmed the supremacy of operating cash flows over EBITDA in
predicting financial distress.
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1 Introduction

An important part of ratio analysis is a computation and interpretation of metrics
aimed at measuring the risk of bankruptcy, including profit-based or cash flow-
based liabilities-coverage ratios. Coverage ratios which include operating profit or
EBITDA (earnings before interest, taxes, depreciation and amortization) take into
account only numbers from financial statements prepared on an accrual basis.
Thus, they are deemed to be prone to aggressive accounting. In contrast, in ratios
based on cash flows the inputs are derived from cash flow statement, which is
deemed to be more immune to manipulations. Thus, theoretically, cash flow-based
ratios should be more reliable than profit-based ratios. This research attempts to
examine an extent to which EBITDA-based and cash flow-based coverage ratios
are useful in a forecasting corporate failures. To this end, the accuracy of
bankruptcy predictions generated by those ratios is evaluated within a sample of
data from the Polish capital market.

The remainder of the paper is organized as follows. In the next section the relevant
literature is discussed. Next the data and methodology used in the study are
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described. Then the section that presents the empirical findings follows. The paper
closes with concluding comments.

2 Literature Review

EBITDA is calculated as the sum of operating profit and depreciation and
amortization. It is often treated as a simplified surrogate of operating cash flows,
because it adjusts the operating profit for expenses of a non-cash nature, that is
depreciation and amortization (Mulford and Comiskey, 2002).

According to surveys, EBITDA-based ratios are by far the most popular type of
accounting-based performance pricing in debt contracts. With such a use of
EBITDA, the interest rate is often revised periodically, based on a grid of pre-
determined levels of the borrower’s EBITDA-based ratios (Beatty et al., 2012;
Beatty et al., 2015). EBITDA is also used in business valuation (\Verninmen et al.,
2005; Gray and Vogel, 2012; Hughen and Strauss, 2016), particularly of small
private enterprises which do not report cash flow statement (Greenwald et al.,
2001). The popularity of EBITDA is confirmed by a research, according to which
EBITDA-based multiple is one of the two most frequently used valuation
indicators by European stock analysts (Fernandez, 2002; Bancel and Mittoo, 2014;
Lie and Lie, 2002). Due to its popularity, management boards of many companies
use EBITDA as a primary metric which reflects company’s performance (Isidro
and Marques, 2008). As a surrogate of cash flows EBITDA is also used in an
analysis of risk related to operating leverage (Parrino and Kidwell, 2009).

Advocates of EBITDA tend to emphasize its comparability, particularly as
compared to other profit measures. They argue that depreciation and amortization
charges are prone to subjective judgments. Accordingly, firms may boost earnings
by aggressively extending the assets’ useful lives (Epstein, 2009; Demerjian,
2009). The opponents of EBITDA, however, argue that depreciation and
amortization constitute real costs which should not be neglected (Palepu et al.,
2004). Also, Rozenbaum (2014) found that managers’ reliance on EBITDA leads
them to overinvest. Accordingly, the critics of EBITDA emphasize that this metric
may be particularly misleading in the case of capital-intensive firms, where
depreciable assets constitute the primary value drivers (Penman, 2007).

Some studies found that EBITDA may be less useful in measuring credit risk than
income before extraordinary items and operating profit (Li, 2016). The other
studies found that firms near thresholds of EBITDA-based ratios are more likely to
reduce R&D and SG&A expenditures (boosting EBITDA) prior to bond issuance
(Begley, 2013). Also, firms with loan contracts that contain covenants based on
EBITDA are more likely to misclassify core expenses as special items, in order to
increase EBITDA (Fan et al., 2016). It is also argued that despite common belief
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EBITDA is not immune to inter-company differences in accounting principles
(White et al., 2003). All this confirms that EBITDA, even if more immune (than
operating profit) to distortions brought about by the subjectivity of depreciation
and amortization, is prone to multiple reliability and comparability issues as well.

The literature discusses also potential flaws of EBITDA as a proxy for cash flows.
Its tendency to overstate estimated cash flows is cited as the most serious pitfall
(Mulford and Comiskey, 2005). This is because of the omission of changes in
working capital, which may drain cash seriously, while not being taken into
account by EBITDA (Fridson and Alvarez, 2002). Despite all these drawbacks,
EBITDA is used much more frequently, as compared to cash flows, as a
performance measure in debt covenants measurement (Li, 2016; Demiroglu and
James, 2010).

Cash flows, however, are prone to significant problems as well (Zhang 2008). The
reliability of operating cash flows may be eroded by (among others): aggressive
capitalization of operating costs as fixed assets, sales of receivable accounts in
factoring transactions, liquidations of inventories in “fire sales”, aggressive
extensions of payment terms of operating liabilities or loans granted to customers
and treated as financial investments (rather than increases in trade receivables).
Due to these issues, the research on the usefulness of cash flows in financial
distress prediction produced somewhat mixed results. Many researchers indeed
found that various cash flow-based ratios are statistically significant predictors of
the forthcoming bankruptcy (Ohlson, 1980; Gentry et al., 1985; Casey and
Bartczak, 1985; Ward and Foster, 1997; Bhandari and lyer, 2013; Unegbu and
Adefila, 2013; Khan and Guruli, 2015). However, Gupta et al. (2012), in their
study of British small and medium-sized enterprises, found that the presence of
operating cash flow information does not improve the prediction accuracy of the
distress prediction models.

3 Data and Methodology

In this paper EBITDA-based and cash flow-based coverage ratios are compared,
as financial distress prediction tools, in a sample of firms listed on the Warsaw
Stock Exchange. The EBITDA is investigated in its two variants: one based on a
raw operating profit (as reported in the company’s income statement) and another
one based on profit on sales (which is deemed to be less prone to distorting one-
off factors and subjective judgments). Similarly, operating cash flows are analysed
in two variants: one based on raw operating cash flows (as reported in the
company’s cash flow statement) and another one based on operating cash flows
adjusted for changes in operating liabilities (which may artificially boost total
operating cash flows of firms in distress, if they deliberately cease repayments of
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their operating payables). Accordingly, the following four alternative liabilities-
coverage ratios have been investigated:

e Raw EBITDA to total liabilities = (operating profit + depreciation and
amortization in a year) / total liabilities and provisions at the end of the year

e Core EBITDA to total liabilities = (profit on sales + depreciation and
amortization in a year) / total liabilities and provisions at the end of the year,

o Raw OCF to total liabilities = operating cash flows in a year / total liabilities
and provisions at the end of the year.

e Core OCF to total liabilities = (operating cash flows — change in operating
liabilities in a year) / total liabilities and provisions at the end of the year.

The data from a period between the beginning of 2009 and the end of the first half
of 2016 have been used. Within this timeframe, as many as 92 public firms faced
at least one bankruptcy filing. The companies included in that sample, labelled
further as “bankrupt firms”, form the primary sub-sample. To enable a statistical
analysis, this sample has been extended by adding 92 randomly selected firms, in
which case no any bankruptcy filing was announced in the same period (this sub-
sample is further denoted as “healthy firms” or “non-bankrupt firms”). All the
accounting numbers used in this study have been collected from primary sources,
that is from annual reports issued by the companies included in the sample.

Table 1 provides a breakdown of the whole sub-sample of bankrupt firms by their
industry memberships, while Table 2 displays a time-series distribution of the
underlying bankruptcy filings. As might be seen, no any individual industry seems
to dominate, although two leading businesses make up over 28% of investigated
bankruptcy filings. It seems therefore that the sample of corporate failures,
included in this study, may be considered representative of a broad spectrum of
diverse Polish companies. In contrast, a time-series breakdown shows that two
years of economic slowdown (2012-2013) seem to be over-represented, while
other periods, particularly those featured by relatively fast growth of Polish
economy (2010, 2011, 2014), seem to be under-represented. However, it seems
fully logical, because bankruptcy rates tend to rise / fall when macroeconomic
conditions deteriorate / improve.

It is worth noting, when discussing the size and the breakdown of the investigated
sample, that the total number of failed firms included in the sample (i.e. 92 firms)
has a significant share in the whole universe of Polish public companies. At the
end of 2016 over 800 firms were listed on the Warsaw Stock Exchange (on both
its primary market as well as the NewConnect market), which implies relatively
high frequency of bankruptcies (over 10% of listed firms). Such a high rate of
corporate failures observed on the Polish capital market entails high investment
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risk for shareholders and confirms the relevance of rigorous credit risk analysis in
making stock investment decisions.

Tab. 1 Breakdown of investigated bankruptcy filings by industry
memberships

Industry Number_of Share in _
observations a sample (in %)

Construction & Engineering 17 18,5
IT technologies 9 9,8
Distribution of foodstuffs 7 7,6
Real estate investments 7 7,6
Energy 5 5,4
Financial services 5 54
Manufacture of industrial goods 4 43
Restaurants 4 4,3
Distribution of software and hardware 4 4,3
Distribution of vehicles and car parts 3 3,3
Apparel stores 3 3,3
Distribution of heavy industrial goods 2 2,2
Distribution of other consumer goods 2 2,2
Food production 2 2,2
Manufacture of durable consumer goods 2 2,2
Manufacture of glass products 2 2,2
Manufacture of pharmaceuticals and cosmetics 2 2,2
Manufacture of wood and wooden products 2 2,2
Marketing services 2 2,2
Waste management 2 2,2
Distribution of medical equipment 1 1,1
Distribution of pharmaceuticals 1 1,1
Healthcare services 1 1,1
Leisure services 1 1,1
Telecommunication services 1 1,1
Transportation services 1 1,1

Total 92 100,0

Source: Authorial computations on the basis of the annual financial statements published
by the companies included in the sample.
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Tab. 2 Time-series distribution of investigated bankruptcy filings

Year Number of Share in
observations a sample (in %)
2009 11 12,0
2010 4 43
2011 5 54
2012 25 27,2
2013 21 22,8
2014 10 10,9
2015 12 13,0
First half of 2016 4 43
Total 92 100,0

Source: Authorial computations on the basis of the annual financial statements published
by the companies included in the sample.

Table 3 presents selected financial statement data, averaged for bankrupt and
healthy firms, which enable a comparison of their financial profiles. As might be
seen, the bankrupt firms tend to be much smaller (in terms of revenues and total
assets) than the healthy ones, much less profitable (on both operating profit and
net earnings level) and having much lower share of shareholder’s equity in the
capital structure.

Tab. 3 Comparison of selected financial statement data for bankrupt and
non-bankrupt firms included in the sample

. Medians for
Data in thousands
Bankrupt Non-bankrupt
of PLN . .
firms firms
Sales revenues* 51414 189.886
Operating profit* -1.908 13.062
Net earnings* -3.147 8.830
Total assets** 55.176 228.606
Shareholder’s equity** 8.744 110.871

Source: Authorial computations on the basis of the annual financial statements published

by the companies included in the sample.

Note: * in the last full financial year before the bankruptcy filing (in the case of bankrupt

firms); ** at the end of the last full financial year before the bankruptcy filing (in the case
of bankrupt firms).

One-period-ahead bankruptcy prediction horizon has been investigated. To make
sure that only data which were publicly available on the bankruptcy filing date are
taken into account, for bankruptcy filings announced between the beginning of
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April and the end of December of t-th year (i.e. when annual financial statements
for the preceding year have already been published), data from annual reports for
t-1 period have been used. In contrast, for bankruptcy filings announced between
the beginning of January and the end of March of t-th year, data from annual
reports for t-2 period have been used (as the most recent annual financial
information available).

The research was conducted in four steps. First, medians of four liabilities-
coverage ratios within both sub-samples have been compared and the statistical
significance of differences between those medians has been checked. Then, four
univariate logit models for bankruptcy prediction have been estimated, each with
one liability-coverage ratio as the only explanatory variable. In the third step the
estimated logit models have been evaluated in terms of their in-sample prediction
accuracy. Finally, on the ground of the estimated models the safety thresholds for
liabilities-coverage ratios have been simulated.

To avoid possible distortions of model parameters, brought about by outlying
observations (i.e. companies with unusually high or low values of liabilities-
coverage ratios), all four logit regressions were estimated on the samples which
exclude outliers. In the case of all ratios an inter-quartile range rule has been
applied in identifying outliers. However, in the third step of the research the whole
original sample (i.e. including outliers) has been used. In classifying firms as
bankrupt or healthy ones an arbitrary threshold for bankruptcy probability,
equalling 50%, has been assumed.

4 Results and Discussion

Table 4 presents medians as well as additional statistics computed for all four
investigated ratios. As expected, bankrupt firms tend to have substantially lower
values of all four ratios, as compared to non-bankrupt companies. Wilcoxon Rank-
Sum test statistics, which exceed a critical value of two, confirm that both sub-
samples differ significantly in terms of median values of all four ratios. The
additional statistics inform that all four ratios show significant variations not only
between bankrupt and healthy firms, but also within both groups of companies.

Table 5 and Table 6 display the EBITDA-based and cash flow-based logit models,
respectively.
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Tab. 4 Selected statistics for four alternative liabilities-coverage ratios within
sub-samples of bankrupt and healthy firms

Raw Core Raw Core
L EBITDA/ EBITDA/ OCF/ OCF/
Statistics
total total total total
liabilities liabilities liabilities liabilities
] Bankrupt 0,7% 1,1% -0,4% -3,1%
Median
Non-bankrupt 19,4% 19,2% 13,6% 11,3%
Arithmetic Bankrupt -5,1% -1,8% -0,9% -7,4%
mean Non-bankrupt  31,6% 31,5% 22,9% 21,4%
Standard  Bankrupt 28,2% 20,9% 35,6% 42,7%
deviation  Non-bankrupt  44,8% 44,8% 44,8% 40,4%
Wilcoxon Rank-Sum test
statistic for the difference 7,23 7,63 5,44 5,69

between two medians™

Source: Authorial computations on the basis of the annual financial statements published
by the companies included in the sample.

Note: * value above two means that the difference between medians is statistically
significant at 5% significance level.

Tab. 5 Parameters of EBITDA-based logit models and analysis of their
bankruptcy prediction accuracy

Logit model with raw Logit model with core
Statistics EBITDA ratio EBITDA ratio
Coefficient t-Statistic Coefficient t-Statistic
Intercept 0,73 3,08 1,01 4,25
Slope -6,39 -6,40 -8,66 -7,24
F statistic 40,94 52,38
Number of observations, after 165 (83 bankrupt /82 non- 165 (86 bankrupt / 79 non-
removal of outliers bankrupt) bankrupt)
Correctly predicted: 76,09% 77.17%
bankrupt*
Correctly predicted: healthy*  76,09% 70,65%
Correctly predicted: total* 76,09% 73,91%

Source: Authorial computations on the basis of the annual financial statements published
by the companies included in the sample.

Note: * within the whole sample of 92 bankrupt and 92 non-bankrupt firms; a threshold of
probability of 50% has been assumed for classification of companies.
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All models are significant (with double digit values of F-statistics). As expected,
slope coefficients are negative for all four ratios. The general prediction accuracy
(in the range between 66% and 76%) of all models seems to be surprisingly good,
given that they were estimated on the ground of samples which include firms from
diverse industries and given that only one ratio is used as an explanatory variable
in each model. The estimated models would probably perform even better, if other
fundamental drivers of corporate credit risk (e.g. indebtedness ratio, current ratio,
structure of assets or variability of cash flows) are added to the set of explanatory
variables, i.e. when multi-variable logit models are built.

In terms of accuracy of predictions, at the arbitrarily assumed probability threshold
of 50% the EBITDA-based models clearly outperform those based on operating
cash flows, both within whole samples as well as within sub-samples of bankrupt
firms only. It is also worth noting that in the case of two out of four models the
accuracy of prediction of bankrupt firms exceeds the accuracy of predictions for
healthy ones. To conclude, the investigated data do not confirm the supremacy of
cash flows over accounting profits in predicting financial distress, with one-
period-ahead forecast horizon.

Tab. 6 Parameters of cash flow-based logit models and analysis of their
bankruptcy prediction accuracy

Logit model with raw OCF  Logit model with core OCF
Statistics ratio ratio
Coefficient t-Statistic Coefficient t-Statistic

Intercept 0,56 2,24 0,20 0,85
Slope -7,22 -5,06 -5,97 -4,53

F statistic 25,57 20,51

Number of observations, after 152 (77 bankrupt / 75 non- 153 (74 bankrupt / 79 non-
removal of outliers bankrupt) bankrupt)

Correctly predicted: bankrupt* 71,26% 66,67%

Correctly predicted: healthy*  61,96% 71,74%

Correctly predicted: total* 66,48% 69,27%

Source: Authorial computations on the basis of the annual financial statements published
by the companies included in the sample.

Note: * within the whole sample of 92 bankrupt and 92 non-bankrupt firms; a threshold of
probability of 50% has been assumed for classification of companies.

Finally, safety thresholds for the raw ratios (meant as values of ratios at which the
probability of bankruptcy exceeds 50%) have been estimated, on the ground of the
logit models discussed above. According to those estimates, to keep a company
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sustainable, its managers should ensure that EBITDA covers no less than 11-12%
of carrying amount of total liabilities, but preferably no less than 15-20% (to keep
the risk of illiquidity significantly lower than 50%). In the case of the cash flow-
based coverage ratio, its safety threshold seems to lie near 7-8%. Its value above
15% / below 5% suggests remote / increased risk of insolvency.

5 Conclusions

In this paper the usefulness of EBITDA-based and cash flow-based liabilities-
coverage ratios in bankruptcy prediction has been evaluated. The study is based on
data of Polish companies, in which case a bankruptcy filing was announced in the
period between the beginning of 2009 and the end of the first half of 2016. This
sample has been examined on the background of the counter-sample of randomly
selected non-bankrupt firms. The analysis confirmed the usefulness of both
EBITDA-based and cash flow-based ratios in a bankruptcy prediction. Even
though both sub-samples cover wide variety of businesses, the logit models with
only one ratio used as an explanatory variable are capable of correctly identifying
bankrupt and healthy firms in about 66-76% of cases. This research, however, do
not confirm the supremacy of operating cash flows over EBITDA in predicting
financial distress. Thus, the obtained findings are relevant for financial statement
users, because they constitute another evidence that financial numbers prepared on
an accrual basis of accounting (i.e. coming from an income statement) are not
unequivocally inferior to cash flows in credit risk analysis.

It is worth noting, when interpreting the obtained empirical results, that the sample
investigated in this study is not homogenous in terms of the accounting standards
applied by individual companies. This is so because under Polish regulations firms
listed on the primary (regulated) segment of the Warsaw Stock Exchange, which
publish consolidated financial statements, are obliged to apply International
Financial Reporting Standards, while companies whose shares are traded on a
secondary market (NewConnect) are allowed to apply Polish Accounting Bill.
Consequently, individual firms included in the sample different significantly in the
accounting policies they follow. However, this inter-company diversity of the
financial reporting standards does not invalidate the obtained empirical findings.
Quite the reverse: it only confirms that liabilities-coverage ratios are useful in
corporate credit risk analysis, even when comparing firms operating in different
accounting environments.

However, this study has some limitations. First of all, the eight-year period
covered by the research is pretty short and embraces only few incomplete business
cycles. During those years Polish economy did not experience any single year of
recession. This means that the results can be biased. In particular, it is likely that
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the obtained estimates understate the safety thresholds of the investigated
liabilities-coverage ratios. Another limitation stems from the fact that the
examined ratios have been computed on the ground of annual reports only, instead
of the most recent quarterly reports. This may reduce the predictive accuracy of
the estimated bankruptcy prediction models to some extent.
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