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Abstract

Nowadays enterprises operate in a rapidly changing macroeconomic environment, and this factor should
be taken into account when forecasting a company’s financial statement as a whole, or some of its particular
aspects. However, development of the company’s financial stability assessment model taking into account
macroeconomic factors is hampered by the problem of inclusion in the model of some factors with frequency of
measurement different from that of the internal financial performance. For example, currency rates and crude oil
prices can change on a daily, weekly, or monthly basis. Changes in the key interest rate cannot be characterized
as systematic, since the Central Bank can vary the key interest rate depending on market conditions. Meanwhile,
financial indicators of the company are published in the semi-annual and annual reports.

This paper proposes an approach that aggregates macroeconomic factors, which means presenting a time
series of each variable for each year, followed by the inclusion of polynomial coefficients in the final model as
reference variable characteristics. The weighted average is calculated for the key interest rate, where the weights
are the days during which the rate is operated. Based on the data of 291 metallurgical industry enterprises of
the Volga federal district for the period 2012—2014, a financial stability assessment model has been built relying
on the decision tree model using CRT (Classification and Regression Tree). The accuracy of the model is
approximately 86%. The decision tree structure has served as a basis for recommendations to optimize certain
financial indicators of operations to reach financial stability.

Key words: financial stability, aggregation of macro-economic factors, polynomial function, decision tree,
inventories, net assets, fixed assets, key interest rate, consumer price index.
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Introduction

nstitutions of stock and currency markets, global
trade in goods produced by manufacturers from dif-
ferent countries and the oil trade determine the mac-
roeconomic environment in which a company operates.
This is not a complete list of parameters that characterize
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the macroeconomic situation. They may also include the
consumer price index, unemployment and interest rates
on loans and deposits, that are largely determined by the
size of the key interest rate, and other indicators. For ex-
ample, changes in exchange rates have a direct impact on

enterprises conducting international activities, and indi-
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rectly affect enterprises with a domestic market orienta-
tion through structural changes in the economy. However,
the abovementioned parameters’ nature and degree of
influence on the financial state of a company are uncer-
tain. Moreover, the impact of changes in these parameters
may have different effects on enterprises’ performance
depending on the nature of their interaction with the en-
vironment. For example, whether they carry out procure-
ment of raw materials in foreign currencies, where are the
primary market channels, etc. The financial condition of
a company heavily depends on its ability to quickly adapt
to the macroeconomic conditions.

Thus, the relevance of this study is based on the necessi-
ty to consider the macroeconomic factors when forecast-
ing an enterprise’s financial condition.

1. Review of existing methods
of forecasting an enterprise’s financial state

In the course of the last 80 years different methods and
models of forecasting the financial condition of a com-
pany have been developed and applied.

The first attempts of such modelling were made in the
1960s. W. Beaver [ 1] proposed an expert assessment model
of financial instability depending on financial flows. The
conclusion was based on the analysis of trends in business
performance of 79 industries turned bankrupt during the
period from 1954 to 1964. Six indicators were selected:

4 the ratio of cash flow to the total debt;

4 the ratio of net profit to total assets;

4 the ratio of total liabilities to total assets;

4 the ratio of working capital to total assets;

4 liquidity ratio;

4 current assets minus current liabilities.

As a result, the analysis revealed a trend toward perform-
ance degradation of bankrupt enterprises, and the uptrend
of financially healthy companies. The disadvantage of this
approach is the difficulty of interpreting the results in the
condition of divergent changes in the coefficients.

E. Altman’s Z-score model (1968) [2] of multiple
discriminant analysis (MDA) overcame the drawbacks
of the W. Beaver’s model. The MDA model is a deriva-
tion of an integral index on which the conclusion for the
analyzed aspect of the financial condition is based. The
model is as follows:

Z=aXt+aX+.. talX,
1 1

where Z — scoring value;
a, — coefficients of the variables;
X — the factors determining the value of scoring.
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In essence, this model is a model of regression analy-
sis of a finite number of determining factors. The best
known models are those of two-, five- and seven-factor
models. Based on an MDA, a huge number of models
was developed, both foreign and domestic. E. Deakin
[3] puts forward a requirement on allocation normality
of model factors values that is very difficult to achieve in
practice. The idea of using a dynamic model of MDA,
with the inclusion of lagged variables belongs to R. Ed-
mister [4]. The use of standard deviations made it pos-
sible to increase the predictive accuracy of the model.
M. Blum [5] applied the MDA to assess the probability of
bankruptcy by maximizing the difference between bank-
rupt enterprises and financially healthy businesses, while
minimizing the differences within each group.

The most popular method among modern scientists
when analyzing solvency and bankruptcy of an enterprise
is the logistic regression model constructed by D. Chess-
er [6]. One of the advantages of logistic regression is ob-
taining the probability of the analyzed event. In addition,
there are various tools that can be used to obtain addi-
tional information on the model factors. This greatly fa-
cilitates the decision-making process. Those tools are
ROC-curves, imaging quality of predictive models; mar-
ginal effects, showing the change in the probability of
an event when each predictor changes by 1, and others.
These features greatly facilitate the decision making proc-
ess. Among foreign studies on this issue, J. Olson’s study
is the best known [7]. Among Russian scholars, we should
mention publications of T. Bogdanova and Yu. Alekseeva
[8]. In the case of nonlinear relationships between the de-
pendent variable and the independent factors, the most
preferred method is the use of neural networks, because
neural networks are universal approximations, allowing
us to identify any hidden dependencies between variables.
The advantage of neural networks is the absence of data
requirements (normal distribution, “the curse of dimen-
sionality”, multicollinearity, etc.). The Neural Network
toolbox is so wide/extensive that the problem of bank-
ruptcy prediction (solvency) can be solved in different
ways. One of them is a hybrid method based on the Baye-
sian neural network ensemble and logit model [9]. The
problem also can be solved by means of classification by
neural networks [10], clustering by self-organizing Ko-
honen maps. However, despite the versatility of this meth-
od, there are some drawbacks related with selecting the
type of model from a large number of different parameters
(number of hidden layers, the kind of activation function,
etc.), the problem of retraining, etc. If there are linear re-
lationships between variables, classic regression models
show a better result compared with neural networks [11].
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2. Testing the classic models in
a period of crisis

The afore-mentioned and comparable models were
designed and tested in a relatively stable macroeconom-
ic situation: the absence of large, significant fluctuations
in financial and currency markets, a situation beneficial
both for industries and enterprise activities. Thus, it was
not necessary to include macro-economic factors in the
model due to their relative permanency. This observa-
tion has been confirmed by the high predictive accuracy
of models: in Altman’s model, bankruptcy prediction
accuracy for a year was 95%, while neural networks pro-
vided a predictive accuracy of approximately 87%.

We hypothesize that the prediction accuracy of the
selected models in the 2014 crisis hould had to be re-
duced, due to unstable macroeconomic environment.
In this situation, the role of management is leveled out,
since it is difficult to adapt to the rapidly changing reali-
ties. Working out a strategy for development, changing
the price policy and financial activities are not easy, es-
pecially for large enterprises with an advanced and large
administrative apparatus.

Table 1shows the test results of some models of multi-
ple discriminant analysis on the data from metallurgical
enterprises of the Volga Federal District in 2014.

Table 1.
Accuracy of classical models

Model ‘ Model accuracy
2-factor Altman model 33.20%
5-factor Altman model 16.50%

Taffler & Tisshaw model 28.08%
Savitskaya model 64.03%

The afore-mentioned models show low predictive abil-
ity. The foreign model of multiple discriminant analysis
proved to be inadequate to predict the financial stability
of domestic (Russian) companies. Savitskaya’s model,
adapted for the Russian economy, showed a higher pre-
dictive accuracy, but proved insufficient for sound deci-
sion making.

3. Information base of the research

771 observations from 291 enterprises of the metal-
lurgical industry in the Volga Federal District organized
as “joint-stock companies”, in terms of public financial
statements (forms 1 and 2) for 2012—2014 were taken

as the sample for analysis. The sample includes success-
fully working as well as financially unstable companies
(Table 2).

Table 2.
Frequency analysis
Frequency | Percent cl:,'g:"::;i: ¢
Financially unstable firms 440 57.1 571
Financially stable firms 331 4229 100,0
Total m 100.0

As shown in Table 2,440 of 771 observed firms are rec-
ognized as financially unstable, that is 57.1%, and 331
are financially stable (42.9%). Panel data were given in a
cross-table view, and the model was based on that data.
Table 3 shows the descriptive statistics of the financial
statements setting out the financial conditions of enter-
prises in the whole sampling.

Table 3.
Descriptive statistics
of internal financial indicators
Variables ‘ Mean ‘ 3;3?:;;:

Equity ratio 41.42 32.96

Return on assets -0.31 213.58

Total return -7.58 553.65

Net assets 103 524.83 330 749.97
Earnings before taxes 22 978.45 137 118.09
Fixed assets 81078.99 238 980.45
Capital & reserves 103 507.95 330 733.91
Return on equity 84 859.89 265 432.55

Table 4 presents external factors characterizing the
macroeconomic situation, namely the key interest rate,
consumer price index, as well as the polynomial coef-
ficients of the 4th degree listed on the stock exchange.

All the financial indicators are annual. However, ex-
change rates and the price of Brent change daily, hence
to bring the daily values to the annual quantities in the
calculations it is proposed to apply an approximation in
the form of polynomials of degree #. To do this, it is nec-
essary:

1. To determine a polynomial function for each year
and for each variable.

2. To incorporate the coefficients in the polynomial
function as separate modeling variables:
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Table 4.

Descriptive statistics of macroeconomic factors

Variable Standard deviation Designations

Key interest rate 0.075 0.004 rate
Consumer price index 1.082 0.023 cpi
Dollar currency polynomial constant 31.817 1.194 cusd
Dollar currency polynomial trend -0.009 0.124 tusd
Dollar currency polynomial square trend 0 0 t2usd
Brent crude oil polynomial constant 106.35 0.80 chrent
Brent crude oil polynomial trend 0.40 0.30 tbrent
Brent crude oil polynomial square trend 0.00 0.01 t2brent
Euro currency polynomial constant 41.22 1.29 ceuro
Euro currency polynomial trend 0.15 0.22 teuro
Euro currency polynomial square trend -0.01 0.01 t2euro

flx)=aq+at+asr’+ . +at'+. 4o+ €
fz)=ai+ait +ait’ +. 4@+ ..+ alt"+ ¢

flo)=ap+alt +ast’+ . +at'+. +ait"+ ¢

where 7 — the time factor, ¢ = I,_T;

x,— the dollar-ruble exchange rate at time 7,

z,— Euro exchange rate against the ruble at time £

o,— the cost of Brent crude oil (dollars per barrel) at time £,
f,(x,),f(z,),f,(0,) — changes in macroeconomic models
based on polynomial approximation to the i-th year;

i — year of assessment of changes in macroeconomic
factors,i=1,1;

05:% — free term of a polynomial function in the i-th year;

@ _ _coefﬁcients of the j-th polynomial in the i-th year,
J=Ln;
n — degree of the polynomial;
&' — residuals error in the i-th year.

The polynomial coefficients of the variables are pre-
sented in Table 5.

To provide the key interest rate in an annual value, we
propose to use weighted average values. The days during
which the rate operates serve as a weight:

K

i rki 'n/ic
r. = ’
! Z 365

k=1

where rj' — the weighted average of the key interest rate or
tax rate of the j-th species in the i-th year;
j — key interest rate or tax rate;

r{ — current key interest rate or tax rate varying k times
in the i-th year;

n, — number of days in the k-th period, during which
key interest rate or tax rate remained constant in the i-th
year;

k — number of periods during which the key interest rate
or tax rate were changing in the i-th year, k = 1,_1(

Table 5.
Polynomial coefficients
of macroeconomic factors
Variable ‘ Constant ‘ t ‘ t2
usdrub_2012 32.44 -0.18000 | 0.00325
usdrub_2013 30.24 0.00000 0.00000
usdrub_2014 32.92 0.13000 -0.00180
brent_2012 105.43 0.70200 -0.00979
brent_2013 107.35 0.54000 -0.01000
brent_2014 106.098 0.00000 0.00630
eurorub_2012 40.8964 -0.09983 | 0.00159
eurorub_2013 39.87 0.08700 -0.00425
eurorub_2014 429 0.44000 -0.01200

The weighted average key interest rate for the period
from 2012 to 2014 for each day is shown in the Table 6.
The consumer price index from 2012 to 2014 is present-
ed in Table 7.
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Table 6.
Weighted average values of key interest rate

Table 7.
Weighted average values of consumer price index

Year | Value Year | Value
2012 0.0807 2012 106.59%
2013 0.0744 2013 106.48%
2014 0.0719 2014 111.33%
4. The proposed model Almost 50% of all observations were in the first and

To solve the problem of predicting the probability of
financial instability in times of crisis with large fluctua-
tions in financial and currency markets, in an unstable
economy, it is necessary to take into account changes in
the macroeconomic situation, such as changes in the
currency exchange rates, the price of Brent oil crude,
the size of the key interest rate and tax rates.

The decision tree method has been chosen to assess
the financial stability of enterprise, since this method
is relatively simply constructed and interpreted. There
are many variants of the decision tree method. However,
the CRT method (classification and regression tree) was
best suited for the given sample. Since the dependent
variable is a binary, as a result of its partition two sub-
classes are revealed. These subclasses classify the de-
pendent variable in the best way.

As a result of construction of decision tree with 5 lev-
els, 9 terminal nodes were identified. Splitting/partition
into subclasses took place in the variables “Inventories”,
“Net assets” and “Fixed assets”.

Table 8 presents the number of observations stuck in
each terminal node, as well as the cumulative percent-
age.

Table 8.
Terminal nodes
frequency table
Tel::::::al Frequency | Percentage g::‘;:mtai;:
1 265 34.4 34.4
3 113 147 49.0
8 86 11.2 60.2
1 54 7.0 67.2
12 40 5.2 72.4
13 99 12.8 85.2
14 44 5.7 90.9
15 35 45 95.5
16 35 45 100.0
Total 77 100.0

third terminal units/nodes, and 34.4% of these fell in the
first node.

The probability that the company will be financially
unstable is 88.3% on condition that its net assets will
be less than 4 006 thousand Rubles (terminal node 1).
However, most likely, 94.2% — the onset of financial in-
stability is typical for companies whose net assets are less
than 53 524 thousand Rubles, and inventories more than
19 240 Rubles (terminal node 8). If inventories are less
than a predetermined level of 19 240 thousand Rubles,
then, provided that the net assets are less than 18 797
thousand Rubles, the likelihood of financial instability
is estimated at 77.5% (terminal node 11). Otherwise, the
company can be characterized as financially stable with
a probability of 88% (terminal node 12).

Companies having inventories of more than 165 973
thousand Rubles, and net assets ranging from 56 524
thousand Rubles up to 456 493 thousand Rubles are pre-
dicted as financially unstable with a probability of 94.3%
(terminal node 15).

The companies having inventories less than 165 973
thousand Rubles and fixed assets not exceeding 87 731
thousand Rubles are deemed to be financially stable with
a probability of 100% (terminal node 13). If the fixed as-
sets are more than 87 731 thousand Rubles, we can claim
them as financially stable with a probability of 60%.

Thus, as a result of the analysis, we can conclude that
in order to achieve financial stability enterprises should
optimize their operating activities. It is obvious that if
inventories are large and net assets are relatively small,
the onset of financial instability is inevitable.

The accuracy of the modelling on the training set was
86.4%, and testing set — 85.5%.

The first category of errors (the financially unstable
company is recognized as financially stable) on training
set constitutes is 38 observations. Errors of the second
category (financially unstable companies are classified
as financially stable) is 37 observations. The number of
the first and the second error types constitutes 16 obser-
vations on a testing set (7able 9).
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Table 9.
Accuracy of the model

Predicted

Percent
Correct
Training 0 285 38 88.2%
1 37 191 83.8%
Overall percentage | 58.4% | 41.6% 86.4%
Test 0 102 16 86.4%
1 16 86 84.3%
Overall percentage | 53.6% | 46.4% 85.5%

Only internal financial indicators were used in the
construction of the tree solution model. Those are net
assets, fixed assets and inventories. To identify the im-
pact of macroeconomic factors, it is necessary to run a
non-parametric test to determine the equality of aver-
ages for the intervals according to which the tree split.

Table 10 shows the test results on determining the
equality of averages of macroeconomic factors accord-
ing to the subclasses derived from the decision tree
method.

Table 10 shows that the hypothesis on the averages of
the variable “Brent constant” divided by the variable
“Net assets” to groups are different is accepted at the
10% level. Therefore, one can argue that Brent crude oil
prices have an impact on the financial stability of enter-
prises in the metallurgical industry. Given the high cor-

relation between the price of Brent crude oil and the rates
of national currency against the dollar and the euro, we
can argue that there is an effect of the afore-mentioned
factors on the financial stability of the enterprise.

Conclusion

Thus, the proposed approach allows us to take into
account macroeconomic factors with changing frequen-
cies different from the frequencies of changes in the fi-
nancial performance of the enterprise. The approach is
based on the presentation of the time series as a poly-
nomial function to some extent. For each of three years
and for each of three variables a polynomial function was
built. To calculate the probability of financial instability
as characteristics of selected factors in the final model,
the coefficients of polynomial functions of 2nd degree
are used. The proposed approach of macroeconomic
factors aggregation decomposes each factor into three
variables with no significant loss of information

A model of tree solution with the CRT method and
with a 5-level depth was built. As a result of splitting the
variables into “Net assets”, “Inventories” and “Fixed as-
sets”, a model with 9 terminal nodes was obtained. The
accuracy of the model on the training set was 86.4%. On
the test set — 85.5%.

The average value of the variable constant “Brent oil
crude” of the polynomial function for financially stable
and financially unstable companies on the basis of the
nonparametric test on the equality of the average values
has significant differences. This confirms the assump-

Table 10.

Nonparametric test comparing means for independent samples within each variable

Null hypothesis

Fixed assets Inventories Net assets

the distribution of rate is the same 0.725 0.594 0.314
the distribution of ppi is the same 0.98 0.84 0.648
the distribution of cusd is the same 0.98 0.84 0.648
the distribution of tusd is the same 0.725 0.594 0.314
the distribution of t2usd is the same 0.725 0.594 0.314
the distribution of ceure is the same 0.7 0.39 0.09
the distribution of teure is the same 0.725 0.594 0.314
the distribution of t2euro is the same 0.98 0.84 0.648
the distribution of chrent is the same 0.98 0.84 0.648
the distribution of thrent is the same 0.725 0.594 0.314
the distribution of t2brent is the same 0.725 0.594 0.314
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tion about the impact of oil on the financial condition | tain level, there is a great probability of financial instabil-

of an enterprise. ity. Otherwise, the company is rated as financially stable.

The “Net assets” value should correspond to the value | Thus, results of the model allow us to give some recom-
of the “Inventories”. If the “Inventories” exceed a cer- | mendation for CEOs concerning financial stability. m

NN W
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AHHOTaUUSA

B Hacrosiee BpeMs nipeanpusitust (GyHKIIMOHUPYIOT B YCJIOBUSIX OBICTPOM3MEHSIONIENCS MAaKPOIKOHOMUYECKOM
cutyaimu. BcerenctBue 3TOro  TMOSIBNISIETCSl  HEOOXOMMMOCTh ydeTa MaKpO3KOHOMUYECKMX (akTopoB Tipu
MPOTrHO3MPOBAHUU KaK (DMHAHCOBOTO COCTOSTHUS MPEANPUSITHS B LIEJIOM, TaK U Pa3JIMYHBIX €ro aciekToB. OmHaKo pu
BKJTIOUEHUHM MaKPO3KOHOMMUYECKUX (PaKTOPOB B MOIE/b, IIPOTHOZUPYIOIIYI0 (DMHAHCOBOE COCTOSTHHME TIPEIIIPUSATHS,
BO3HMKAaeET IpobJieMa, CBsI3aHHasl ¢ TeM, KaK BKIIIOYaTh (DaKTOPHI, KOTOPhIe UMEIOT YacTOTY U3MEPEHUs, OTIMYHYIO OT
YaCTOThI MI3MEPEHUS BHYTPEHHUX (PMHAHCOBBIX MMOKa3areseil. Tak, imHaMuKa U3MeHEHMSI KypCOB BAJIIOT 1 1IeH Ha HE(hTh
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MOIEINPOBAHUE COLIMAJIbHBIX U DKOHOMHNYECKHUX CUCTEM

MOXET OBbITh pa3H0171, HaIrrpuMmep, 6)1(6MI/IHYTHOI71, e)Ke)lHeBHOfI, eXxeHenenbHol U T.10. U3MeHeHMe KITIoYeBOi CTaBKU
HE HOCUT CUCTEMATUYECCKUIA XapakKTep, OHO CBA3aHO C peaKL[PIefI LlSHTpaJILHOTO banka Ha u3MeHeHue KOHBIOHKTYPbI
PBIHKA. DuHaHCOBbBIE ITOKA3aTeIU TpCaAnpuiaTUsI Hy6}'lI/IKyIOTCH B IIOJIYTOOOBLIX Y TOAOBBIX OTYCTAX.

B crathe mpemioXeH TOOXON K arperMpoBaHMIO MAaKpPOSKOHOMHUYECKMX (haKTOPOB, 3aKITIOYAIOIIMIICI B
MpEICTaBICHUN BPEMEHHOTO psiga KaXIOW IepeMEeHHON Il KaXJOoro Tofa ¢ TMOCIEAYIOIIMM BKIIOYEHHEM
IMOJIMHOMHUAJILHBIX KOA(P(UIIMEHTOB B KOHEYHYIO MOEIb B KA4eCTBE XapaKTEPUCTUK MCXOMHON IepeMeHHOM. s
KJIIOYEBO CTABKM PACCUMTHIBAETCS CPEIHEB3BEIICHHBII II0KA3aTelb, [Ie B KAYECTBE BECOB BLICTYIAIOT IHU, B TEYEHME
KOTOpBIX AeiicTBoBajia cTaBKa. Ha ocHoBe maHHBIX 291 mpeanpusTvsl MeTaTypruueckoil orpaciu [IpuBokckoro
¢enepanbHoro okpyra 3a rnepuona ¢ 2012 nmo 2014 roabl MocTpoeHa MoJIeNb OLIEHKU (PMHAHCOBOM YCTOMUMBOCTM Ha
ocHoBe Mertona aepea peieHuit MeronoM CRT (Classification and regression tree). ToOUHOCTb MOIENIM COCTABIISIET
npubIu3uTeNbHO 86%. CTpYKTypa MONYyYeHHOTO AepeBa pellieHUi MO3BoJIIa aTh PEKOMEHAALMH 110 ONTUMU3aluU
onpeneeHHbIX (DMHAHCOBBIX IIOKA3aTeleil, XapaKTePU3YIOUIMX OIEPALMOHHYIO IESTENbHOCTh IPENIIPUATHS, IS
MOCTUXKEHUSI UM (PMHAHCOBOM YCTONYNBOCTH.

Kimouessie ciioBa: prHaHCOBAST yCTOMIMBOCTD, aTPETMPOBAaHIE MAKPOIKOHOMUYECKINX (PaKTOPOB,
ToJIMHOMMAaNbHAsT QYHKIMS, 1ePEeBO PEIIeHU N, 3arachl, YMCThle aKTUBBI, OCHOBHBIE CPEICTBA, KJII0OYeBasi CTaBKa,
WHIIEKC MTOTPEOUTETHCKUX IICH.

IMuruposanue: Bidzhoyan D.S., Bogdanova T.K. Modelling the financial stability of an enterprise taking into account
macroeconomicindicators // Business Informatics. 2016. No. 3 (37). P. 30—37. DOI: 10.17323/1998-0663.2016.3.30.37.
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