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Abstract: - Purpose of this study is to determine whether cash flow impacts business failure prediction using the 

BP models (Altman z-score, or Neural Network, or any of the BP models which could be implemented having 

objective to predict the financial distress or more complex financial failure-bankruptcy of the banks or 

companies). Units of analysis are financial ratios derived from raw financial data: B/S, P&L statements 

(income statements) and cash flow statements of both failed and non-failed companies/corporates that have 

been collected from the auditing resources and reports performed. A number of these studies examined whether 

a cash flow improve the prediction of business failure. The authors would have the objective to show the 

evidence and usefulness and efficacy of statistical models such as Altman Z-score discriminant analysis 

bankruptcy predictive models to assess client on going concern status. Failed and non-failed companies were 

selected for analysis to determine whether the cash flow improves the business failure prediction aiming to 

proof that the cash flow certainly makes better financial distress and bankruptcy prediction possible. 
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1 Introduction 
A majority of auditors, as well as a number of 

corporate financial managers, have not been quick 

to embrace the use of cash flow ratios. Traditionally 

the auditors have tended to rely more on transaction 

cycle or a balance sheet approach [1]. Both of these 

approaches, unfortunately did not place emphasis on 

either cash flow statement, or even on cash, cash 

flow itself. Auditors do not only fail to utilize 

statements of cash flow in conjunction with income 

statement and balance sheet as a way of tracing top 

cash flow statement common items, they also use 

extensively the analysis of current ratio and the 

quick ratio. As such, it is important to accord cash 

flow statement the importance that it deserves. 

Analysis of the company financial status, based on 

the traditional ratios (the authors have found in 

searching the correct financial data), failed to 

identify severe liquidity problems that eventually 

might led to a bankruptcy of the company (impact 

of negative cash flows). The information contained 

on a cash flow statement stresses the existing 

differences between on one hand, the operating 

profits of a company and on the other hand, the 

decrease / increase in bank cash flow balance over a 

similar accounting period. 

2 Use of Cash Flow as Predictor to 

Failing Business 
Significance of a cash flow analysis towards a 

bankruptcy prediction of a firm has been augmented 

by a study carried out by Terry Ward and Benjamin 

Foster. These authors compared the trends in the 

various components of a cash flow statement-

operating cash flow, investing cash flow and 

financing cash flow. This was more of a 

comparative study that consisted of healthy 

companies on one hand, and firms that had 

consequently filed for bankruptcy, on the other hand 

[2]. The observations by these authors was that 

healthy companies have a tendency towards 

comparatively stable association amongst the three 

components of a cash flow: operating, investing and 

financing activities. In addition, the authors noted 

that unhealthy companies were characterized by 

depreciating cash flows from operating, investing 

and financing cash flows about one or two years 

before they filed for bankruptcy. This study is vital 

as they portray the significance of assessing cash 

flows information while examining a company’s 

financial condition. 

The prediction criteria for business failure are 

often made use of for two basic reasons. First, the 
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success or failure of a business has to some extent, 

been fundamentally associated with the net outflow 

and inflow cash elements from a number of business 

activities [3]. For instance, the failure by a company 

to obtain the cash from a number of its operations 

could result in such firm having to borrow extra 

cash, or even be forced to do away with several of 

its capital investments as a solutions of meeting its 

obligations. Should such a situation go on for a 

longer time period, such a firm may be faced by a 

state of imminent bankruptcy. 

Balance sheet data is static for it measures a 

single point in time, namely the balance sheet date. 

The income statement, on the other hand, contains 

many non-cash transactions, whereas the cash-flow 

statement is dynamic. It records the changes in the 

other statements over a period and focuses on cash 

available for operations and investments [4]. The 

value of cash flow information that it can be used to 

assess the quality of earnings, financial flexibility 

and assists in forecasting cash flows. If cash flow 

ratios can be used as a liquid measure, that can 

predict financial failure and, ultimately, bankruptcy. 

Therefore, an early warning of possible distress can 

ultimately help to prevent subsequent financial 

failure. 

 

 

Table 1: Selecting the cash flow ratios 

 

 
 

3 Description and Environment of 

Bankruptcy Problem 
Corporate bankruptcy is an event which has a big 

impact on management, shareholders, employees, 

creditors, customers and other stakeholders. Signs of 

potential financial distress are evident long before 

bankruptcy occurs. Financial distress begins when a 

corporation is unable to meet its scheduled 

payments or when the projection of future cash 

flows points to an inability to do so in the near 

future. Therefore, accurate prediction of bankruptcy 

has become an important issue in the financial 

world. A major focus of the Basel II/Basel III 

regulations to minimize credit risk is another reason 

why timely identification of corporate bankruptcy is 

desirable. There are various factors that are related 

to corporate bankruptcy. High interest rates and 

heavy debt burden are factors which definitely have 

negative influence on the financial situation of a 

firm. Industry-specific characteristics and 

government regulations can also contribute to 

financial distress within any firm. 
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4 Corporate Distress and Bankruptcy 
The number of business failures and bankruptcies 

increased together with the increase in corporate 

distress. Four generic terms, describing credit risk 

events, that are generally found in literature for 

corporate distress are failure, insolvency, default 

and bankruptcy. Their individual economic meaning 

is described in the following paragraphs. 

Failure means that the realized rate of return on 

invested capital, with allowances for risk 

consideration, is significantly and continually lower 

than prevailing rates on similar investments. 

Somewhat different criteria has also been utilized, 

including insufficient revenues to cover costs and 

cases of the average return on investment being 

below the firm’s cost of capital. A firm could be an 

economic failure for many years without failing to 

cover its current obligations because of the absence 

of legally enforceable debt. 

Insolvency is a term used in a more technical 

way. It indicates lack of liquidity, so it is more cash 

based, which happens when a company cannot meet 

its financial obligations. Technical insolvency most 

often is the cause of formal bankruptcy declaration. 

Bankruptcy comes along when the insolvency of a 

company becomes critical, when the total liabilities 

of a company exceed a fair value valuation, for 

example stock based, of its total assets. Default is 

another condition that is inescapably associated with 

distress. Defaults always occur between the debtor 

firm   and a creditor class [5].  

The firm’s creditors and the owners of the firm 

are the two primary groups of interest when a firm is 

in corporate distress or filing for bankruptcy. These 

two groups both have an extremely large importance 

in the evaluation of the bankruptcy reorganization 

process. The goal of the reorganization process is to 

restructure the firm in a way that the firm’s financial 

situation will stabilize and that no other financial 

problems will occur in the near future [6]. 

 

 

5 Bankruptcy Prediction 
Bankruptcy prediction has long been an important 

and widely studied topic. It is particularly important 

especially for three groups of recipients [7]:  

 managers, as the most important factor for 

decision-making, also bookkeepers responsible 

for preparing financial reports on the company’s 

activity; 

 banks, need to predict the possibility of default 

of a potential counterparty before they extend a 

loan and  

 auditors, who according to the International 

Auditing Standards have to express their 

opinion about threats to the continuation of the 

company’s activity.  

 

The traditional approach for banks for credit risk 

assessment is to produce an internal rating, 

which takes into account various quantitative as 

well as subjective factors, such as leverage, 

earnings, reputation, etc., through a scoring 

system [2]. The problem with this approach is 

of course the subjective aspect of the prediction, 

which makes it difficult to make consistent 

estimates. Some banks, especially smaller ones, 

use the ratings issued by the standard credit 

rating agencies, such as Moody’s and Standard 

& Poor’s. 
 

A review of bankruptcy prediction models 

According to [3], a classification of the methods and 

techniques of prior research on bankruptcy 

prediction is as follows: Univariate ratio models, 

Multiple discriminant analysis, Linear probability 

models, Multivariate conditional probability models 

such as Logit and Probit, Recursive partitioning 

models, Survival analysis (proportional hazard 

model), Expert systems, Mathematical 

programming, Neural networks, Artificial 

Intelligence and Rough sets approach. 

Altman model and approach-Z-score 

Altman then started with 22 ratios that seemed to be 

intuitively plausible as bankruptcy predictors. The 

variables were classified into five standard ratio 

categories, including liquidity, profitability, 

leverage, solvency, and activity. The ratios were 

chosen on the basis of their popularity in the 

literature and their potential relevancy to the study, 

and there were a few “new” ratios in the analysis. 

After every run, he excluded the ratio that 

contributed least to the explanatory power of the 

model. Eventually, he came up with a model that 

contained only five ratios. The final discriminant 

function is as follows: 

 

X5 ×0.999 + X4 ×0.006 + X3 ×0.033 + X2 ×0.014 + X1 ×0.012 = Z (1) 

 

where, X1 is working capital/total assets, X2 is 

retained earnings/total assets, X3 is Earnings before 

interest and taxes (EBIT)/total assets, X4 is market 

values of equity/book value of total debt, X5 is 

sales/total assets and Z is overall index. 
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X1, Working Capital/Total Assets (WC/TA) 

The working capital/total assets ratio, frequently 

found in studies of corporate problems, is a measure 

of the net liquid assets of the firm relative to the 

total capitalization. Working capital is defined as the 

difference between current assets and current 

liabilities. 

 

X2, Retained Earnings/Total Assets (RE/TA). 

Retained earnings is the account which reports the 

total amount of reinvested earnings and/or losses of 

a firm over its entire life. The account is also 

referred to as earned surplus. It should be noted that 

the retained earnings account is subject to 

“manipulation” via corporate quasi-reorganizations 

and stock dividend declarations. 

 

X3, Earnings Before Interest and Taxes/Total Assets 

(EBIT/TA). 

This ratio is a measure of the true productivity of the 

firm’s assets, independent of any tax or leverage 

factors. Since a firm’s ultimate existence is based on 

the earning power of its assets, this ratio appears to 

be particularly appropriate for studies dealing with 

corporate failure. 

 

X4, Market Value of Equity/Book Value of Total 

Liabilities (MVE/TL). 

Equity is measured by the combined market value of 

all shares of stock, preferred and common, while 

liabilities include both current and long term. The 

measure shows how much the firm’s assets can 

decline in value (measured by market value of 

equity plus debt) before the liabilities exceed the 

assets and the firm becomes insolvent. 

 

X5, Sales/Total Assets (S/TA). 

The capital-turnover ratio is a standard financial 

ratio illustrating the sales generating ability of the 

firm’s assets. It is one measure of management’s 

capacity in dealing with competitive conditions. 

 

 

6 Description of the Statistical Sample 
The power of a model to discriminate between 

solvent and insolvent companies lies in a factor of 

paramount importance: data. In the last fifteen 

years, data has become to define credit quality. 

Moody’s and S&P have started to generate 

historical and monthly updates of default rates by 

credit rating, so that instead of thinking about risk as 

high or low, it is now, say, 0.15% annualized default 

rate (BBBrated) versus a 1.5% annualized default 

rate (BB). In addition, the shift towards the 

collection of more default data has been driven by 

the new Basel II and III capital accord which 

focuses credit on measurement. KMV, before being 

bought by Moody’s, argued that statistically their 

Merton model’s expected default frequency (EDF) 

was statistically more powerful than agency ratings, 

a quantitative assertion that invites competition and 

measurement that did not happen before. 

Time horizon refers to the period over which the 

default probability is estimated. It is the period of 

time following the observation point A (say 

following 12 months) and ending at point B, where 

companies are classified into two classes (i.e., into 

'bankrupt' and 'non-bankrupt'). 

Formulation of the Statistical Sample 

The sample used for the development of the models 

includes 70 firms identified defaulters over five 

years (2007-2011). The assessment of financial 

variables for private companies is performed 

separately as the objective is to test their ability to 

predict credit risk and to detect the variables with 

the highest predictive power. For the appropriate 

assessment of this type of data, financial ratios are 

chosen instead of the main figures taken from 

financial statements because financial ratios 

determine directly the financial standing of the 

private companies. 

For all the firm-years of the selected dataset, 10 

financial ratios are calculated (the key financial 

ratios are in line with the liquidity and debt ratio) 

using the most recent financial statement. The ratios 

were chosen mainly based on their earlier use in 

previous studies and modes. Financial ratios are 

classified into the following groups [8]: Liquidity, 

Asset, Profitability, Debt, Market. 

 

Drivers of a default risk and bankruptcy 

 

1. Volatility: higher equity volatility implies 

higher probability of a firm’s asset value falling 

below its level of debt, which implies 

insolvency. 

2. Size: for non-traded companies, size proxies for 

much of equity volatility. Bigger companies are 

generally more diversified in their exposure to 

geographies, products, and people, and this 

lowers their prospective volatility. Size is also 

related to “market position”. 

3. Profitability: Higher profitability should raise a 

firm's equity value. It also implies a longer way 

for revenues to fall or costs to rise before losses 

occur. Combining profitability with interest 

expense makes it a combination of leverage and 

profitability. 

4. Leverage/Gearing: In addition to profitability, 

leverage is a key measure of firm risk. The 
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higher the leverage, or gearing, the smaller the 

cushion for adverse shocks. Thus, higher 

leverage implies higher default probabilities.  

5. Liquidity: Liquidity is a common variable in 

most credit decisions - a fact that is brought to 

mind that a bank will only lend you money 

when you don't need it. That is, if you have 

sufficient current assets, you can pay current 

liabilities, but neither do you need working 

capital. Liquidity is also an obvious 

contemporaneous measure of default, since if a 

firm is in default, its current ratio must be low. 

Thus, lower liquidity (current assets/current 

liabilities) implies higher default probabilities. 

6. Growth: both high and low growth rates are 

associated with higher default probabilities. 

7. Inventories: higher inventory levels imply 

higher default probabilities. 

 

Multivariate Discriminant Analysis 

MDA is a statistical technique used to classify an 

observation into one of several a priori groupings 

dependent upon the observation’s individual 

characteristics [9]. It is used primarily to classify 

and/or make predictions in problems where the 

dependent variable appears in qualitative form, 

bankrupt or non-bankrupt. Therefore, the first step is 

to establish explicit group classifications. The 

number of original groups can be two or more. 

Some analysts refer to discriminant analysis as 

“multiple” only when the number of groups exceeds 

two. Others prefer to cite the multiple concepts with 

respect to the multivariate nature of the analysis. 

After the groups are established, data are collected 

for the objects in the groups [10]. MDA in its most 

simple form attempts to derive a linear combination 

of these characteristics which “best” discriminates 

between the groups. If a particular object, for 

instance, a corporation, has characteristics (financial 

ratios) which can be quantified for all of the 

companies in the analysis, the MDA determines a 

set of discriminant coefficients. When these 

coefficients are applied to the actual ratios, a basis 

for classification into one of the mutually exclusive 

groupings exists. The MDA technique has the 

advantage of considering an entire profile of 

characteristics common to the relevant firms, as well 

as the interaction of these properties. This analysis 

is concerned with two groups, consisting of 

bankrupt and non-bankrupt firms. Therefore, the 

analysis is transformed into its simplest form: the 

discriminant function [11]: 

 

                        (2) 

 

The function shown in Eq. (2) transforms the 

individual variable values to a single discriminant 

score, or z-value, which is then used to classify the 

object where V1, V2, …, Vn are discriminant 

coefficients and X1, X2, …, Xn are independent 

variables. 

The MDA computes the discriminant coefficients 

Vi, while the independent variables Xi are the actual 

values [12]. 

 

Assumptions of Discriminant Analysis 

Normal distribution: It is assumed that the data (for 

the variables) represent a sample from a multivariate 

normal distribution (Figure 1: Normal distribution 

function). It is noted that violations of the normality 

assumption are not “fatal” and the resultant 

significance test is still reliable as long as non-

normality is caused by skewness and not outliers. 

Homogeneity of variances/covariances: MDA is 

very sensitive to heterogeneity of variance-

covariance matrices. Before accepting final 

conclusions for an important study, it is a good idea 

to review the within-groups variances and 

correlation matrices. This assumption simplifies the 

calculation of the discriminant function but it is 

easily avoided with the use of quadratic analysis, if 

not satisfied [13]. 

Non-multicollinearity: If one of the independent 

variables is very highly correlated with another, or 

one is a function (e.g., the sum) of other variables, 

then the tolerance value for that variable will 

approach zero (0) and the matrix will not have a 

unique discriminant solution. Such a matrix is said 

to be ill-conditioned. 

 

 
Figure 1:  Normal distribution function, cash and 

expected CFO. 

  

There must also be low multicollinearity of the 

independent variables. To the extent that 

independents are correlated, the standardized 

discriminant function coefficients will not reliably 

assess the relative importance of the predictor 
VnXn+...+ V2X2+ V1X1= Z
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variables. Development and the results of the MDA 

Model and ratio analysis The first step involves the 

creation of a “parent” sample that will then be 

partitioned into two separate “child” datasets, 

namely the training and validation (or hold-out 

sample) [14]. 

The parent sample consists of a one-to-one 

proportion of cases in each group (i.e., nondefault 

and default: bankrupt and non bankrupt in line with 

the type of errors of used classification:figure-1). 

All bankrupt companies (i.e., 35 in total) are 

included in the parent sample together with an equal 

number of randomly generated non-bankrupt firms 

(35). The random generation has been performed in 

order to avoid any selection bias that may affect the 

accuracy of estimates of the probability of correct 

classification. 

 

 

7 Conclusion 
An analysis of the bankruptcy prediction modeling 

was presented in the paper. Statistical model was 

used based on the MDA, financial ratio calculations 

and both results as merged and integrated for BP 

modeling and analysis. Given that the power of the 

models lies on the statistical sample itself, the 

sample created by the 70 private companies that was 

used for simulation, modeling and results 

presentment. The detail data presentation and 

statistical sampling and analysis of the results has 

been topic for the paper to be published soon. The 

key result was the ratio selection and test calculation 

based on the balance sheet and the income 

statement, for the firms being chosen and analyzed. 

The future work can be augmented and improved in 

order to create more robust models for default 

bankruptcy prediction. 
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