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Abstract. Bankruptcy assessment provides valuable information for the
governments and investors to base their decisions in order to prevent possible
financial losses. Data envelopment analysis (DEA) has generally been used to
assess relative efficiency of decision making units. Recently, several approaches
have appeared that reformulate DEA as a bankruptcy prediction tool. However,
only several studies have been published on evaluation of suggested approaches
and, if so, the focus was given to manufacture industry and IT industry only.

In this paper we discuss the possibility of application of recent results in DEA
bankruptcy prediction models in a specific field of agribusiness. Using the
AMADEUS database, the Czech Farm Accountancy Data Network (FADN
CZ) and the financial statements issued in the Czech Business Register, we
collect primary data set on the Czech agriculture firms financial performance,
apply the DEA based model, evaluate the results obtained and discuss the
prediction power of the approaches in the agriculture industry.
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1 Introduction

Bankruptcy assessment has already been an intensively studied problem, however, after recent financial
crisis, the urgent need for unchallenged techniques evaluating properly the financial health of enterprises
has even arisen. Apart form testing the applicability of classical Altman’s bankruptcy prediction model,
further approaches have been suggested that apply or modify the well established methods for bankruptcy
assessment usage. Let us mention the logistic regression and the discriminant analysis that dominate
the literature (for review see [9]) or more recent methods employing e.g a chaos approach [10] or neural
networks applications [11]. However, the reliability of techniques can still be increased, hence the research
in the field focuses on improving the known methods or suggesting and validating the new ones. One
of the most distinguished methods from those recently arisen for the bankruptcy assessment is the DEA
(data envelopment analysis) approach. Premachandra [12] introduces in 2009 (DEA) as a non-parametric
approach for analysing enterprises performance and suggests that this approach can be used as a help
for bankruptcy assessment. In our contribution we focus on introductory evaluation of this recently
suggested technique in the specific field of agribusiness.

Originally, DEA was developed to analyze efficiencies of decision making units (see e.g. [6]) and the
method has been applied in many different business branches. As for the agribusiness applications, DEA
was applied only scarcely until the end of 20th century (see [5]). However, since then, DEA became a
favorite tool for farm efficiency measurement and number of local studies applying the DEA methodology
in agriculture have been elaborated (see e.g. [3]). DEA was used not only to evaluate the efficiencies
of agriculture enterprises, but also the determinants of efficiency in agribusiness were studied ([2]) and
some studies discussing DEA with respect to the problem of sampling variations existence were provided
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qqhampel@node.mendelu.cz

Proceedings of 30th International Conference Mathematical Methods in Economics

- 379 -



for the specific field of agriculture (e.g. [1]). Especially, the local agribusiness DEA studies were carried
out for which the national FADN databases were employed as data sources and this implied also the
selection of DEA input and output variables used in particular studies (for Czech agribusiness problem
see [7]). While the indices have already been investigated for the use in agribusiness before, application
of recently theoretically developed DEA bankruptcy prediction represents a novel approach in the field.
This new approach for financial distress prediction has not been studied for the agriculture industry so
far.

2 Methods

Premachandra [12] selects for bankruptcy assessment the additive DEA model [4] which evaluates the
relative efficiency of the specific oth firm as follows:

max es− + es+

subject to : Xλ+ s− = xo,

Y λ− s+ = yo,

eλ = 1, (1)

λ ≥ 0,

s− ≥ 0,

s+ ≥ 0.

Here, n is the number of decision making units, k is the number of inputs, m is the number of outputs,
X = (xj) is k × n matrix of inputs, Y = (yj) is m × n matrix of outputs, e is a row vector with all
elements equal to 1, s− is a vector of input slacks, s+ is a vector of output slacks, xo is a column vector
of inputs of the oth decision making unit, and λ ∈ Rn is the weight vector.

Note that the additive model allows negative values in inputs and outputs, which is useful in bankruptcy
assessment where financial ratios (often negative) enter the calculations and, moreover, the additive model
incorporates both input and output slacks in the efficiency measurement and the efficiency of a specific
decision making unit is determined by examining slacks only. This feature seems comfortable for users
who need not examine both DEA efficiency score and slacks.

For bankruptcy assessment, the role of inputs and outputs in (1) is played by financial variables
(concretely by financial ratios), but as usually in DEA, the concrete selection is determined by a DEA
user. In our study we will follow the input output choice suggested in [12], but note that using ratios
in DEA analysis is currently being a matter of scientific discussion (see e.g. [8]). Respecting the data
availability the final set of in/outputs has been slightly modified using book value of total debt instead of
interest expense:

1. inputs

• CFTA = cash flow/total assets

• WCTA = working capital/ total assets

• ETA = EBIT/ total assets

• ER = EBIT/revenues

• ETD = book value of equity/ book value of total debt

• NITA = net income/ total assets

• CATA current assets/ total assets

2. outputs

• TDTA = total debts/ total assets

• CLTA = current liabilities/ total assets.

Unlike in the conventional DEA based production analysis, where productive performers consist an
efficiency frontier and insufficient performers exist within the production possibility set, in the approach
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considered here the frontier is ”bankruptcy frontier”. This means that the frontier contains the poor
performers - the bankrupt firms, while the healthy firms are expected to exist inside a ”bankruptcy
possibility set”. Hence, solving the additive model (1) for each firm we classify the firm based on wheter
all the slacks are zero on optimality of (1). If all slacks are zero, the firm is on the bankruptcy frontier.
Otherwise (at least one slack positive), the firm is not on the bankruptcy frontier.

3 Results

The data on 54 bankrupt and 21 healthy Czech agricultural firms were taken from 2007-2010 FADN and
AMADEUS databases. The two sided Wilcoxon rank sum test for the median values of chosen inputs
and outputs was applied in MATLAB to indicate significant difference between the bankrupt and non-
bankrupt firms. The results can be seen in Table 1 where the medians for bankrupt (median b) and non-
bankrupt (mediannon−b) firms are summarized. In line h there is the result of testing the null hypothesis
that data in the vectors composed from bankrupt and non-bankrupt firm’s financial characteristics are
independent samples from identical continuous distributions with equal medians against the alternative
that they do not have equal medians (h = 1 indicates a rejection of the null hypothesis at the 5%
significance level, h = 0 indicates a failure to reject the null hypothesis at the 5% significance level).
Since for all the in/outputs except CATA the medians were significantly different for bankrupt and non-
bankrupt firms, we decide to choose the following final set of inputs and outputs that are appropriate in
clasifying the agriculture firms as bankrupt and non-bankrupt:

1. inputs: CFTA, WCTA, ETA, ER, ETD, NITA

2. outputs: TDTA, CLTA.

in/output TDTA CLTA CFTA WCTA ETA ER ETD NITA CATA

median b 1.114 0.511 -0.153 0.076 -0.073 -0.098 -0.104 -0.072 0.481

median non-b 0.275 0.115 0.202 0.223 0.194 0.158 2.642 0.166 0.517

h 1 1 1 1 1 1 1 1 0

Table 1: Financial characteristics for bankrupt and non-bankrupt firms

The capability of DEA approach in evaluating bankruptcy of agriculture enterprises is tested by using
54 different samples, each containing one bankrupt and several healthy firms. Sample sizes were 11, 16
and 21 and we had 20 samples containing 10 healthy firms, 17 samples containing 15 healthy firms and 17
samples containing 20 healthy firms. The healthy firms were randomly selected from the initial data set
while each of the bankrupt firms was contained just in one of the 54 samples. This experiment enables
to assess the strength of DEA in identifying a single bankrupt firm from other firms in a sample. The
calculations were run in MATLAB using a script for cycle solution of DEA that employs the code [13].

appeared in frontier F not appeared in frontier NF total

No. of bankrupt firms B 52 2 54

No. of non-bankrupt firms NB 214 581 795

total 266 583 849

Table 2: Summary of the DEA results

As Table 2 shows, 52 of 54 bankrupt agriculture firms appeared in the bankruptcy frontier and in
214 of total 795 cases the healthy firm appeared in bankruptcy frontier as well. Let us compute the four
probabilities:

P1 = the number of bankrupt firms on the bankruptcy frontier divided by the total number of bankrupt
firms

P2 = the number of bankrupt firms not on the bankruptcy frontier divided by the total number of
bankrupt firms
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P3 = the number of non-bankrupt firms not on the bankruptcy frontier divided by the total number
of non-bankrupt firms -

P4 = the number of non-bankrupt firms on the bankruptcy frontier divided by the total number of
non- bankrupt firms.

Using the values from our experiment (see Table 2) we obtain the rates

P1 = 0.96, P2 = 0.04, P3 = 0.73, P4 = 0.27 (2)

Note, that the rate of overall correct predictions in our experiment is 0.75. In Table 3 we can see the
detailed DEA identification results with respect to the type of the sample.

sample (number of non-bankrupt firms in a sample) 10 15 20

NFNB (not on frontier - not bankrupt) 155 183 243

NFB (not on frontier - bankrupt) 0 1 1

FB ( on frontier - bankrupt) 20 16 16

FNB ( on frontier - not bankrupt) 45 72 97

Table 3: Samples DEA results: The summary

The rates P1 to P4 for the samples (see Table 4) indicate that the bankrupt firms remain on the frontier
even when the number of non bankrupt firms was increased, i.e. DEA approach seems to perform well in
identifying agricultural bankrupt firms. On the other hand, DEA is less powerful in correctly evaluating
non-bankrupt agricultural firms. Further we notice that in our experiment the DEA performance is
getting slightly worse when increasing the sample volume (i.e. increasing the number of non-bankrupt
firms in the sample): while the rates of correctly identified firms are 1 and 0.77 for bankrupt and non-
bankrupt firms respectively in the samples with 10 healthy firms, these rates decreases to 0.94, 0.72,
and to 0.94, 0.71 for the 15- and 20-healthy-firms-sample, respectively. These results (considering the
values of P1 to P4 and the rate of overall correct predictions) of our introductory agribusiness experiment
correspond to the industry-unspecific result values presented in [12], where these are considered to be
promising for further DEA establishment in bankruptcy assessment.

sample (number of non-bankrupt firms in a sample) 10 15 20

P1 1 0.94 0.94

P2 0 0.06 0.06

P3 0.77 0.72 0.71

P4 0.23 0.28 0.29

overall correct predictions 0.80 0.73 0.73

Table 4: Samples DEA results: The conditional probabilities estimation

4 Conclusion

This contribution aims to provide an entrance validation calculations testing the applicability of a recently
suggested DEA bankruptcy assessment technique in agribusiness. According to the results discussed in the
previous section, we can conclude that the small test case study provides us with promising numbers. In
our future research, further validation calculations using a larger dataset will be done. Using particularly
FADN and AMADEUS databases, the dataset can be enlarged to more than 500 agriculture enterprises
from central and eastern Europe to provide a base for thorough validation calculations based on evaluating
the method performance for sets including increasing number of bankrupted local enterprises and varying
in total number of enterprises considered. Further, a detailed comparison with other methods (namely
logistic regression) should be provided to arrive to final decision on the effectiveness of suggested method
for agribusiness bankruptcy assessment.
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