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From the Scientific Council
Ladies and Gentlemen,
this is the 16th edition of the ‘Journal of Management and Financial Sciences’. As always
we are trying to present articles which we hope will present a contribution to the
development of economic thought and contribute to a fuller understanding of the
complex economic issues.
Tomasz Skoczylas from the Faculty of Economic Sciences University of Warsaw
presents the article “Modeling volatility with Range‑based Heterogeneous Autore‑
gressive Conditional Heteroskedasticity model”. In this paper the Range‑based
Heterogeneous Autoregressive Conditional Heteroskedasticity model is proposed.
The RHARCH model is a new approach to volatility modeling, the aim of this model
is to incorporate range‑based volatility proxies into HARCH‑like framework. The
RHARCH model is compared not only with well established ARCH class models such
as GARCH and EGARCH models, but also with HARCH and RGARCH (Range
‑based GARCH) models from which it takes inspiration.
“Non‑standard monetary policy tools and their consequences. The review”
by Aleksandra Szunke from the Department of Banking and Financial Markets,
University of Economics in Katowice presents the review of the literature concern‑
ing the consequences of non‑standard monetary policy, which are used by central
banks during unconventional periods, threatening instability of the banking sector.
In particular, the attention was paid to the effects of non‑standard monetary policy
tools for financial markets. The main aim of the study is to survey the consequences
of standard and non‑standard monetary policy instruments, implemented during
the global financial crisis in the United States, United Kingdom and Euroland, with
particular attention to the results for the stabilization of global financial markets.
The study analyses the consequences for short and long‑term market interest rates,
interbank interest rates and LIBOR‑OIS spread. The study consists mainly of the
empirical review, indicating the impact of the implementation of these tools for the
financial markets.
The calculation of minimum regulatory capital for operational risk is a challenging
task for statisticians working in finance says Damian Przekop in his article “Minimum
regulatory capital estimates convergence for LDA and SLA methods”. The aim of
his paper is to compare two alternative approaches that are widely exploited in the
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banking reality. Thorough attention is paid to Loss Distribution Approach (LDA)
and Single Loss Approximation (SLA). Their applications in the operational risk
industry are examined and their outputs based on simulated samples are compared.
Particular attention is paid to convergence of both outputs considering characteristics
of underlying data.
Sebastian Tomczak from Wroclaw University of Technology in the article “The
early warning system” presents an attempt to create an early warning system for
food manufacturing sector. Nearly 1,600 companies have been examined within this
sector – including 118 bankrupt companies. The author focuses on the evaluation of
integrated models and selection of financial indicators. These models, which classi‑
fied companies in the sector in the best way, were selected. Apart from the selection
of financial indicators, these ratios, which were characterized by predictive and
discriminatory abilities, were chosen.
The aim of the article “Comparison of the information efficiency of the financial
markets in selected European Union countries on the event «Central Bank infor‑
mation about changing or not changing the level of reference rate»” by Dominik
Kubacki is to compare the information efficiency of the financial markets in selected
European Union countries. The author investigates how these markets react to the
National Bank announcement about the decision to change or not to change the level
of reference rate, according to the assumption of the efficient market hypothesis.
In the presented research, the methods of event tests was used.
Małgorzata Karaś from Warsaw School of Economics in the article “Demand,
supply, and policy – trends on the real estate market in Spain in period 2000–2008”
analyzes the factors that influenced the emergence of a bubble of the Spanish real
estate market in the previous decade. It takes into account demand and supply factors,
as well as discusses the ECB’s monetary policy in the context of Spain. It also provides
an overview of dynamic provisioning, one of early macro prudential tools.
We wish you pleasant reading.
Ryszard Bartkowiak,
Chairman of the Scientific Council and Dean of the Faculty
Piotr Wachowiak,
Vice‑Chairman of the Scientific Council and Vice‑Dean of the Faculty

Modelling volatility with Range‑based Heterogeneous Autoregressive Conditional Heteroskedasticity model

9

Tomasz Skoczylas

Faculty of Economic Sciences
University of Warsaw

Modelling volatility with Range‑based
Heterogeneous Autoregressive Conditional
Heteroskedasticity model

A bstract
In this paper a new ARCH‑type volatility model is proposed. The Range‑based Heterogene‑
ous Autoregressive Conditional Heteroskedasticity (RHARCH) model draws inspiration
from Heterogeneous Autoregressive Conditional Heteroskedasticity presented by Muller
et al. (1995, pp. 213–239), but employs more efficient, range‑based volatility estimators
instead of simple squared returns in a conditional variance equation. In the first part of
this research range‑based volatility estimators (such as Parkinson, or Garman‑Klass esti‑
mators) are reviewed, followed by derivation of the RHARCH model. In the second part
of this research the RHARCH model is compared with selected ARCH‑type models with
particular emphasis on forecasting accuracy. All models are estimated with a maximum
likelihood method using data containing EURPLN spot rate quotation. Results show that
RHARCH model often outperforms return‑based models in terms of predictive abilities
in both in‑sample and out‑of‑sample periods. Also properties of standardized residuals
are very encouraging in the case of the RHARCH model.
Keywords: volatility modelling, volatility forecasting, ARCH, range‑based volatility esti‑
mators, heterogeneity of volatility.
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1. Introduction
Ever since the famous Engle article (1982, pp. 987–1007), ARCH class models
have become commonly used for modelling and forecasting volatility of financial
assets returns. They owe their popularity to their flexible framework, and relatively
straightforward estimation. Over the past 30 years, many ARCH class models have
been proposed. Most of them differ from each other mainly in the conditional variance
equation. First of all, the GARCH model presented by Bollerslev (1986, pp. 307–327),
and the EGARCH model proposed by Nelson (1991, pp. 347–370) should be recalled.
The aforementioned models, like many others, are very dissimilar in terms of their
structural forms, but they use the same kind of data: returns, or squared returns,
varying only in time horizon (e.g. daily returns, weekly returns etc.). In 1997 Muller,
Dacorogna, Dave, Olsen, Pictet and von Weizsacker undermined the time coherence
of data used in the ARCH model. They proposed the Heterogeneous Autoregressive
Conditional Heteroskedasticity (HARCH) model, which takes into account several
time‑dependent components of volatility. The authors assume that different market
participants take different time horizons into consideration, so they contribute to the
overall level of volatility in their specific way. All of these ways should be separately
treated in the model.
The second important deviation from the canonical approach in ARCH mod‑
els is using a less obvious volatility approximation. Ever since the Parkinson paper
(1980, pp. 61–65), it is well known that there exist more efficient volatility estima‑
tors than squared returns. Those estimators are based on widely available data such
as high, low, close, and open prices, yet they contain much more information than
simple close‑to‑close returns. Having such approximations of volatility, it is possible
to rearrange most of the ARCH class models and replace squared returns in their
conditional volatility equations with these approximations.
In this paper the Range‑based Heterogeneous Autoregressive Conditional Heter‑
oskedasticity model is proposed. The RHARCH model is a new approach to volatil‑
ity modelling, the aim of this model is to incorporate range‑based volatility proxies
into an HARCH‑like framework. The RHARCH model is compared not only with
well‑established ARCH class models such as the GARCH and EGARCH models, but
also with the HARCH and RGARCH (Range‑based GARCH) models from which
it takes inspiration.
The rest of the paper is organized as follows. Section 2 reviews volatility estima‑
tors based on high, low, open and close prices. Section 3 describes the data set and
reviews reference models, in that section the RHARCH model is derived. Section 4

Modelling volatility with Range‑based Heterogeneous Autoregressive Conditional Heteroskedasticity model
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presents the empirical results of the models comparison, especially in terms of fore‑
casting performance. Section 5 concludes.

2. Volatility Estimators
Supposing that mean of returns equals zero, the mean of squared returns is
an unbiased variance estimator, so if intraday prices are easily available, computing
a daily variance estimator is quite straightforward. The problem arises when intraday
prices are unavailable, then the aforementioned estimator is simply a squared daily
return. This estimator is still unbiased, but it can be shown that there exist much
more efficient volatility estimators based exclusively on daily data including high,
low, open and close prices (also known as range‑based variance estimators).
In 1980 Parkinson presented a daily volatility estimator based on price range
defined as a difference between natural logarithms of the highest and lowest daily
prices. The Parkinson estimator is asymptotically unbiased under the assumption
that a geometric Brownian motion without drift can describe the path of the asset
price changes, it can be expressed by the following formula:
(1)
where Ht and Lt are respectively: the highest and lowest daily price. In the same
year Garman and Klass (1980, pp. 67–78) proposed an even more efficient volatility
estimator defined in the following way:
(2)

In the Garman‑Klass estimator beside the highest and lowest prices, also close
(Ct) and open (Ot) daily prices are used. Practitioners tend to use the simpler form
of the Garman‑Klass estimator:
(3)
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The Garman‑Klass estimator is asymptotically unbiased under the assumption
of no drift in the geometric Brownian motion process. Rogers and Satchell (1991,
pp. 504–512) repealed this assumption and derived an estimator that is asymptoti‑
cally unbiased even in the presence of drift in DGP:
(4)

Where N is a length of time horizon on which the Rogers‑Satchell estimator is
computed.
There are several other variance estimators based on high, low, open and close
prices. Especially those proposed by Kunimoto (1992) or Yang and Zhang (2000)
should be mentioned. The common feature of range‑based variance estimators is
their high relative efficiency. Parkinson reported that his estimator is 2.5 to 5 times
more efficient than a simple close‑to‑close variance estimator. Numerical experiments
show that more complex estimators can achieve even higher theoretical values.

3. Data and models
In this paper the EURPLN spot rate quotation is examined. The data set is
obtained from the financial website stooq.pl, it covers the period from 30 September
2007 to 30 September 2013 and contains high, low, open and close daily price. On the
basis of these data other variables are calculated such as: daily, weekly, monthly and
quarterly logarithmic returns, daily range, the Garman‑Klass daily variance estima‑
tor (using a simplified formula) and three Rogers‑Satchell daily variance estimators,
each one computed with a different time horizon (one week, one month and one
quarter).
Five ARCH‑class models are used as a reference to the RHARCH model. Three of
them are well established: GARCH(1,1) (Bollerslev, 1986, pp. 307–327), EGARCH(1,1)
(Nelson, 1991, pp. 347–370) and GJR‑GARCH(1,1) (Glosten, Jaganathan, Runkle,
1993, pp. 1779–1801). Functional forms of those three models are similar in the
case of the conditional mean equation, yet they differ substantially in conditional
variance specification. Their conditional variance equations are given by formulas
(5)-(7) respectively.

Modelling volatility with Range‑based Heterogeneous Autoregressive Conditional Heteroskedasticity model
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(5)
(6)
(7)

In recent years several range‑based volatility models have been proposed. Many
of them, like the CARR model by Chou (2005) or a very similar model presented
by Mapa (2003, pp. 73–90), focus on modelling the range itself, thus they omit the
impact of the distribution of returns. However there are researches that employ the
classical ARCH framework and simply replace squared returns (squared innova‑
tions) with more efficient volatility proxies such as range‑based estimators. One of
those researches is the Molnar paper (2012) where the RGARCH(1,1) (Range‑based
GARCH) model is presented. The conditional variance equation in this model takes
the following form:
(8)
In the above equation instead of squared innovations, as it is in the standard
GARCH model, the Parkinson estimator is used, but it is obvious that other volatility
approximations can be used as well, such as in this paper, where the Garman‑Klass
estimator was chosen.
The RHARCH model draws inspiration from the HARCH model. The struc‑
tural form of the HARCH model is expressed by formula (9). In the original Muller
et al. article, intraday data were used, so the model encompassed seven components
of volatility (n = 7), while the parameter j, which itself describes the length of each
component time horizon, took values from 30 minutes to about one quarter.

(9)
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It should be noticed that the conditional variance equation in the HARCH model
does not include the GARCH‑like term, so there is no path‑dependency problem.
Since in this paper data with daily frequency are employed, it is necessary to refor‑
mulate the original model. In the modified HARCH model there are four volatility
components, each can be associated with a different time horizon (one day, one
week, one month and one quarter). The exact form of the modified model is given
by the following formula:

(10)

The RHARCH model combines features of the range‑based GARCH and HARCH
models. It preserves the time dependent form of the HARCH model, yet it employs
more efficient volatility proxies than squared returns. Daily variance in the horizon of
one day is approximated with the Garman‑Klass estimator, in the case of longer time
horizons (one week, one month, one quarter) the Rogers‑Satchell estimator is used.
The structural form of the RHARCH model is expressed in the following way:

(11)

Just like in the case of the HARCH model, there is no GARCH‑like term in
the conditional variance equation of the RHARCH model, so a path‑dependency
problem does not occur.

4. Results
All analysed models have been estimated using the Maximum Likelihood Esti‑
mation method with the assumption of conditional normality of returns. In the
first part of the research, models have been estimated on the whole data set. Table
(1) contains the models parameters estimates along with their p‑values. Parameters
significant at the confidence level of 0.05 are bolded. For each model predicted values
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of conditional variance have been calculated. On the basis of these values standard‑
ized residuals have been computed.
Table 1. Models parameters estimates
GARCH
μ
ω
α1
α
α3
α4
β
δ

EGARCH

GJR‑GARCH

RGARCH

HARCH

RHARCH

–

–0.0054

–0.0152

0.0054

0.0033

–0.0036

0.2732

0.7044

0.8161

0.7965

0.0059

–0.0134

0.0061

0.0083

0.6975
0.1638

0.0141

0.0035

0.0143

0.0009

0.0786

0.0000

0.4014

0.0943

0.1550

0.1310

0.2647

0.1305

0.2449

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

–

–

–0.1050

–

0.0310

0.5558

0.0000

0.0000

–

–

–

–

0.0140

0.0000

0.0000

0.9999

–

–

–

–

0.0031

0.3116

0.0000

0.0000

–

–

–

–

0.0000

0.8949

0.9835

0.9083

0.7533

0.0000

0.0000

0.0000

0.0000

–

0.0787

–

–

0.0000

Source: Own material.

It is worth noticing that the sum of “alfas” and β parameters estimates in the
 GARCH and RHARCH models are greater than one. In the case of the standard
R
return‑based GARCH model, such an observation would indicate non‑stationary of
variance. However one should remember that range‑based variance estimators are
only asymptotically unbiased. Empirical results show that due to the discrete nature of
intraday price changes, as well as market microstructure effects (e.g. bid‑ask spread),
the observed range is lesser than the true range, thus range‑based estimators are
typically downward biased. That fact explains why the sum of parameters estimates
in conditional variance equations in range‑based ARCH‑type models (excluding
constant) may be greater than one.
There are several diagnostic tests for volatility models, among them the most
important are those for the autocorrelation of standardized squared residuals and
normality. The first one checks whether the model capture volatility‑clustering
phenomenon, the second one tests how good the model copes with leptokurtosis of
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returns. In this paper the Ljung‑Box test was chosen as an autocorrelation test, while
normality of standardized returns is checked with the Jarque‑Bera test. Results of
both tests are presented in tables (2) and (3) respectively.
Table 2. Ljung‑Box test for autocorrelation of standardized squared residuals
(number of lags = 5)
GARCH

EGARCH

GJR‑GARCH

RGARCH

HARCH

RHARCH

χ2(5)

4.2510

4.6467

2.1878

3.7544

15.4050

1.9714

p‑value

0.5139

0.4605

0.8226

0.5853

0.0088

0.8531

Source: Own material.

Surprisingly, standardized squared residuals from the HARCH model are still
autocorrelated, the null hypothesis of no autocorrelation within standardized squared
residuals must be rejected at any reasonable significance level. Other models seem
to perform very well in terms of volatility‑clustering capture.
Table 3. Jarque‑Bera test for normality of standardized returns
GARCH

EGARCH

GJR‑GARCH

RGARCH

HARCH

RHARCH

χ2(2)

24.5036

10.3647

10.8817

11.3483

74.3357

7.8292

p‑value

0.0000

0.0056

0.0043

0.0034

0.0000

0.0200

Source: Own material.

It is evident that distributions of standardized returns from all estimated models
are far from Gaussian. However at a significance level of 0.02 the null hypothesis
would not be rejected in the case of the RHARCH model. Results indicate that the
RHARCH model is the best performer among all analysed models in terms of stand‑
ardized residuals properties.
Measuring volatility forecast errors rely on volatility proxy. Since volatility is
a latent variable, it is not possible to indicate the most accurate approximation. Pat‑
ton (2010) argues that due to the presence of noise in the volatility proxy, comparing
predictive abilities of models demands careful choice of loss function. It is possible
that inference based on values of loss function may be misleading because optimal
forecast may depend on the form of the approximation used. In his paper, Patton
mentions that two widely used loss functions are more robust to noise in proxy
than others. Those loss functions are: Mean Squared Error and QLIKE loss function
given by the formula (12). It should be underlined that QLIKE is an asymmetric loss
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function and it tends to favour models that overestimate rather than underestimate
true volatility.
(12)
In this paper two different daily volatility approximations are employed: the
first one is simply a squared daily return (close‑to‑close estimator), the second one
is obtained by the Garman‑Klass formula. Table (4) contains loss functions values
computed for each model with respect to used volatility proxy.
Table 4. Values of loss functions, in‑sample period
using squared returns

using G‑K estimator

MSE

QLIKE

MSE

QLIKE

GARCH

1.3848

0.0311

0.4729

–0.1012

EGARCH

1.3517

0.0203

0.4536

–0.0999

GJR‑GARCH

1.3645

0.0144

0.4646

–0.1080

RGARCH

1.4257

0.0073

0.4646

–0.1151

HARCH

1.4931

0.1011

0.5036

–0.0504

RHARCH

1.3923

0.0042

0.4176

–0.1237

Source: Own material.

In three of four cases, the RHARCH model takes the lowest values of loss func‑
tion. Only in the case of the Mean Squared Error computed using squared returns
as volatility proxy, the RHARCH model is inferior to the return‑based GARCH‑type
models. At least two general conclusions can be drawn: the first one is that the
HARCH model seems to be the worst performer, the second one is that range‑based
models clearly dominate in the case of QLIKE loss function regardless of the volatil‑
ity approximation used.
Information criteria are often employed as simple, yet useful model selection
tools. In table (5) Akaike Information Criterion (AIC) as well as Schwarz’s Bayesian
Information Criterion (BIC) are reported for each model. In both cases the RHARCH
model is chosen on a basis of minimal value rule, while the RGARCH model seems to
be the second best. It is worth noticing that the difference between those two models
is larger in the case of AIC. This should not be surprising as the BIC penalises the
number of parameters stronger than the AIC.
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Table 5. Values of Information Criteria
GARCH

EGARCH

GJR‑GARCH

RGARCH

HARCH

RHARCH

AIC

2760.68

2745.37

2736.57

2724.06

2858.69

2711.10

BIC

2781.86

2771.84

2763.04

2745.23

2885.16

2742.87

Source: Own material.

In the second part of this research the out‑of‑sample forecasting performance
of models are evaluated. All models have been estimated on a rolling window of
500 observations from the analysed period (30 September 2007 to 30 September
2013). At each step all models are estimated on the most recent 500 observations and
one‑day‑ahead forecasts are obtained. Then the window is moved up by one day, and
the procedure is repeated. On the basis of these forecasts, values of the same four loss
functions are calculated. The results are presented in table (6). Conclusions are pretty
similar: the HARCH model still lags behind its competitors, while the RHARCH
model again takes the lowest values in three of four cases. It is worth noticing that
in terms of MSE four models (EGARCH, GJR‑GARCH, RGARCH and RHARCH)
have very comparable results, but if one takes into account the QLIKE function,
range‑based models still perform better.
Table 6. Values of loss functions, out‑of‑sample period
using squared returns

using G‑K estimator

MSE

QLIKE

MSE

QLIKE

GARCH

0.4624

–0.2174

0.1057

–0.3576

EGARCH

0.4333

–0.2378

0.0868

–0.3578

GJR‑GARCH

0.4371

–0.2379

0.0895

–0.3649

RGARCH

0.4335

–0.2429

0.0872

–0.3731

HARCH

0.4404

–0.1886

0.0969

–0.3120

RHARCH

0.4351

–0.2496

0.0854

–0.3763

Source: Own material.

To examine the statistical significance of differences between the values of loss
function predictive ability tests are used. In this paper the Diebold‑Mariano (1995,
pp. 253–263) test is employed. The null hypothesis of this test is that models have
the same level of forecasting accuracy, which is measured by chosen loss function.
Tables (7) and (8) present a pairwise comparison between the analysed models, the
p‑values of the Diebold‑Mariano test are reported. In both cases the Garman‑Klass
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daily variance estimator is used as an approximation of true volatility, the tables differ
in the adopted loss function. The alternative hypothesis is that the model specified
in row has greater forecasting accuracy than the model in the column, values less
than 0.05 are bolded. Results of Diebold‑Mariano tests confirm earlier observa‑
tions. Definitely the HARCH model, at least in the form employed in this research,
performs very poorly, especially in terms of the QLIKE loss function, which means
it underestimates volatility more often than the rest of the analysed models. On the
other side, range‑based models cope with the volatility underestimation problem
significantly better than return‑based models.
Table 7. P‑values of Diebold‑Mariano test, MSE used as a loss function
GARCH

EGARCH

GJR‑GARCH

RGARCH

HARCH

RHARCH

GARCH

–

0.9952

0.9931

0.9908

0.7674

0.9853

EGARCH

0.0048

–

0.1558

0.4645

0.0857

0.5967

GJR‑GARCH

0.0069

0.8442

–

0.7006

0.1712

0.7203

RGARCH

0.0092

0.5355

0.2994

–

0.1301

0.6924

HARCH

0.2326

0.9143

0.8288

0.8699

–

0.8683

RHARCH

0.0147

0.4033

0.2797

0.3076

0.1317

–

Source: Own material.

Table 8. P‑values of Diebold‑Mariano test, QLIKE used as a loss function
GARCH

EGARCH

GJR‑GARCH

RGARCH

HARCH

RHARCH

GARCH

–

0.3735

0.9712

0.9991

0.0000

1.0000

EGARCH

0.6265

–

1.0000

0.9995

0.0000

1.0000

GJR‑GARCH

0.0288

0.0000

–

0.9552

0.0000

0.9990

RGARCH

0.0009

0.0005

0.0448

–

0.0000

0.9999

HARCH

1.0000

1.0000

1.0000

1.0000

–

1.0000

RHARCH

0.0000

0.0000

0.0010

0.0001

0.0000

–

Source: Own material.

5. Conclusions
In this paper the Range‑based Heterogeneous Autoregressive Conditional Heter‑
oskedasticity (RHARCH) model is proposed. The RHARCH model draws inspiration
from the HARCH model, presented by Muller et al. (1997, pp. 213–239), which takes
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into account several time‑dependent components of volatility. The main difference
between the RHARCH and HARCH models is that the first one uses range‑based
estimators (Garman‑Klass and Rogers‑Satchell) rather than squared returns as
a volatility approximation in the conditional variance equation.
The RHARCH model is compared with five other ARCH‑type models, all of them
are estimated using the MLE method with an assumption of normal distribution
of returns. The comparison is conducted on a set of EURPLN spot rate quotations.
General properties of models and forecasting abilities are examined. In both cases
the RHARCH models perform very well. Standardized residuals do not show any
statistically significant autocorrelation and their empirical distribution is closest to
the Gaussian among all the analysed models. Moreover, Information Criteria indicate
the RHARCH model as the best one. The predictive ability of the RHARCH model is
also very encouraging. Depending on the loss function and volatility approximation
used, the RHARCH model performs well or very well – in most cases it takes the
lowest values of the loss function. The results of the Diebold‑Mariano tests show that
range‑based models (RHARCH and RGARCH) have significantly better forecasting
accuracy measured by the QLIKE loss function than return‑based models. It is also
worth noticing that the RHARCH model does not have the GARCH‑like term in its
conditional variance equations, thus it does not suffer a path‑dependency problem.
That means the estimation of the regime‑switching form of the RHARCH model is
quite straightforward and is feasible using the MLE method.
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1. Introduction
Standard and non‑standard monetary policy instruments of the world’s central
banks during the global financial crisis are the subject of a large number of publica‑
tions and studies, in particular from the point of view of their impact on the situation
in the banking sector. However, the empirical evidence about their effects and real
consequences for the financial markets is still not final. Even before the escalation of
instability, Bernanke, Reinhart and Sack (2004) analysed the effectiveness of various
unconventional monetary tools in lowering long‑term interest rates in the United
States and Japan. The obtained results largely confirmed the effectiveness of the zero
interest‑rate policy and Quantitative Easing (QE) in achieving the goal of reducing
long‑term interest rates (Bernanke, Reinhart, Sack, 2004, pp. 1–78).
The main aim of the study is to survey the consequences of standard and
non‑standard monetary policy instruments, implemented during the global financial
crisis in the United States, United Kingdom and Euroland, with particular attention
to the results for the stabilization of global financial markets. The study consists
mainly of the empirical part, indicating the impact of the implementation of these
tools for the financial markets. The following research methods were used in the
study: literature studies, including domestic and foreign literature, cause and effect
analysis and statistical analysis.

2. The consequences of a non‑standard monetary policy
for the modern financial markets
Non‑standard monetary policy instruments have an exceptional and temporary
character. Their extraordinariness results from the specifics of the situation during
which they are used, methods and scale of their implementation and the consequences
that arise for the banking sector, as well as the whole economy. These instruments
are referred to as non‑standard, because if it was not a crisis situation, they would
not have been implemented (Pyka, 2010, p. 60). The non‑standard instruments go
beyond the traditional (standard) set of instruments of central banks (Sotomska
‑Krzysztofik, O. Szczepańska, M. Pawliszyn, 2004, p. 9), from the point of view of
extending the scope of their impact, the scale of implementation, longer term of
maturity or entities to whom they are addressed. Non‑standard monetary policy
instruments, which were created on the basis of standard instruments, allow central
banks to flexibly react to changes in the banking sector (Cendal, 2008, s. 130). The
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decision on their implementation is taken, when the standard tools do not cause the
effects desired by the monetary authorities. Therefore, they are not included ex ante
in the strategies of monetary policy, because their use (often taken ad hoc) is based
on the current conditions of the banking sector.
Non‑standard and unconventional monetary policy instruments, implemented
during the global financial crisis, have caused – besides changes in the size and
structure of the balance sheets of central banks and a significant increase of their
reserves, important implications for the global financial markets. The difficulty in
providing a clear assessment of these consequences results from the fact that some
of the effects are seen just now, and some of them will appear in the long term, over
the next years.
The analysis of the results of non‑standard instruments used by the Bank of
Japan in the early twenty‑first century suggests that although the effect of these tools
was too small to significantly change the situation of Japan, it caused particularly
positive consequences for the banking sector in the short term (Giradin, Moussa,
2010, p. 30). The central bank, using Quantitative Easing, increased the liquidity of
commercial banks in order to stimulate lending. Providing them with a high level of
capital reserve, did not allow for the decrease of the level of liquidity in connection
with provided loans. Research conducted by H. Ugai in 2006, on the consequences
of the QE policy in Japan, indicates the additional direct effect of this instrument
on the medium‑and long‑term interest rates and the correlation between monetary
expansion and changes in the structure of the balance sheet of the Bank of Japan, and
the Quantitative Easing policy (Ugai, 2006). The rapid pace of Quantitative Easing,
which resulted in an increase in total assets from 5 trillion JPY to 33 trillion JPY
in just two and a half years, has also been maintained for the further exit strategies
(the total asset decreased to about 8 trillion JPY), completed in just a few months in
2006 (Blinder, 2010, p. 475). So the violent withdrawal of the central bank’s money
from the market was driven by concerns about a possible increase in the general
price level. However, finally it transformed into national deflation.
The assessment of the Bank of Japan initiatives indicates that they were effective
in terms of stabilizing market expectations, regarding the impact on the short‑term
interest rates and supporting of the Japanese economy, but only in the short term.
In Japan, there were even opinions that the Quantitative Easing policy is one of the
most effective instruments created to absorb shocks in the banking sector and in the
economy, but only over a short period of time. So that, most of the studies emphasize
the ineffectiveness of Quantitative Easing over the long term.
When official interest rates are close to zero, the central bank can still stimulate
the economy by lowering the long‑term interest rates. Long‑term interest rates are
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in fact the primary variable from an economic and financial point of view. They have
a significant impact on the level of expenditure, especially investment goods. With
regards to the financial aspect, they are the key determinants of real estate prices,
derivatives and other long‑term financial assets. Thus, the objective of non‑standard
monetary policy instruments during the global financial crisis was not stimulating
short‑term interest rates, but mainly was the impact on long‑term interest rates. That
is why the Bank of England and the Federal Reserve System in the face of the worst
collapse since the Great Depression, decided on the direct purchase of long‑term
Treasury bonds, aimed at reducing their long‑term profitability. As a result of the
implementation of non‑standard instruments by central banks, interest rates on the
interbank market decreased sharply at the end of 2008 (Chart 1). This was a conse‑
quence of using tools supporting the banking sector with liquidity.
In 2009, during the implementation of the Quantitative Easing instruments,
there were observed more positive consequences for the financial variables, includ‑
ing (Joyce, Miles, Scott, Vayanos, 2012, p. 11):
• The decrease of interest rates on 10‑year Treasury bonds – indicating a decrease
in the uncertainty of market participants (Chart 2),
• The decrease of the rates of return on corporate bonds (Chart 3),
• The increase of the prices of securities on the capital markets, reflected in the
growth of the major stock market indices (FTSE All‑Share, S&P 500, Euros‑
toxx) – Chart 4.
Chart 1. 3‑months LIBOR‑OIS spread
bonds

Chart 2. Interest rates on 10‑year Treasury

Source: Bloomberg and Bank of England calculations.

Source: Bloomberg and Bank of England calculations.
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Chart 3. Interest rates on corporate bonds Chart 4. Changes of main Stock Exchange
(January 2, 2007=100)
indices in the world (January 2,
2007=100)

Source: Bank of America/Merrill Lynch Reuters,
Datastream and Bank of England calculations.

Source: Bloomberg, Thomson and Bank of England
calculations.

These conclusions confirm the research results, conducted by the economists
around the world (Table 1). D’Amico and King (2010), Krishnamurthy and Vissing
‑Jorgensen (2010, pp. 215–287) and Hamilton and Wu (2012, pp. 3–46) formulated
conclusions that the Fed’s initiatives led to a reduction in medium‑and long‑term
interest rates. J. Gagnon et al. (2011) pointed out that the asset purchase programmes
resulted in significant and long‑lasting consequences for the long‑term interest rates
not only Treasury securities and corporate bonds, but also mortgage‑backed securi‑
ties (MBS) (Gagnon et al. 2011b, pp. 3–43).
Swanson (2011) stated that Operation Twist, implemented in the United States
in 1961, when the central bank also purchased treasury assets on a significant scale,
caused similar effects to those of the modern, from the point of view of changes in
the rates of return of Treasury securities (Swanson, 2011, pp. 151–207). Neely (2012)
showed that the asset purchase programmes not only led to significant changes in
long‑term interest rates on international markets, but also the value (spot) of the
American dollar (Neely, 2010). However, it should be noted that Gagnon et al. (2011b,
pp. 41–59) as well as Szczerbowicz (2011a) suggest that the only maintenance of the
zero interest rate policy for a long period did not contribute to the decrease of long
‑term interest rates in the United States during the escalating instability between the
years of 2007–2010.
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Table 1. The consequences of the selected monetary policy instruments implemented
during the global banking sector instability in the XXI century
Authors

Subject of the research

Conclusions

Beirne, Dalitz, Ejsing,
The Covered Bond
Grothe, Manganelli, Monar, Purchase Programme
Sahel, Susec, Tapking,
(CBPP)
Vong 2011

– reduction in medium- and long‑term interest rates on the
money market;
– reduction in the credit requirements for companies and
credit institutions;
– stimulating lending of credit institutions;
– increasing the liquidity of selected segments of debt private
securities market;

Gagnon, Raskin,
Remache, Sack 2011b,
pp. 3–43

Large‑Scale Asset
Purchase (LSAP),
implemented by the Fed
in 2008–2009

– reduction in the rate of return of the long‑term securities,
for the 10‑year bonds, by the value of 30–100 basis
points;
– decrease the rate of return of Mortgage‑Backed
Securities (MBS);
– improve the liquidity in the MBS market;

Krishnamurthy,
Vissing‑Jorgensen 2011,
pp. 215–265

QE1and QE2,
implemented by the Fed
in 2008–2011

– decrease of long‑term interest rates of safe assets
(Treasury bonds, agency bonds and corporate bonds with
high rating);
– in the case of higher risk’s assets, a reduction in nominal
long‑term interest rates was much smaller;

Meaning, Zhu 2011,
pp. 73–83

Asset Purchase Facility,
implemented by the Bank
of England (APF) and the
Fed (LSAP)

– significant decrease of rate of return of long‑term bonds,
both in the United Stated and United Kingdom;
– this impact was stronger in the case of government bonds
than more risky securities;

Wright 2012

Large‑Scale Asset
Purchase (LSAP),
implemented by the Fed

– lowering long‑term interest rates of government and
corporate bonds;

Hamilton, Wu 2012,
pp. 3–46

Credit Easing
implemented by the Fed

– decrease of medium- and long‑term interest rates;
– credit easing affects on the flattening of the yield curve
(it should be expected a reduction by 25 basis points the
difference between short- and long‑term interest rates of
the same securities);

Szczerbowicz 2011a

Zero‑Bound interest rate
policy

– maintaining a zero‑bound interest rate policy over the long
‑term does not affect the decrease of long‑term interest
rate

Meier 2009

Asset Purchase Facility in – decline in yields of Treasury securities by approximately
the United Kingdom
35–60 basis points;

Joyce, Tong, Woods 2011, Asset Purchase Facility in – decrease of medium- and long‑term viability of Treasury
pp. 200–212
the United Kingdom
securities by 100 basis points;
Source: Own work based on: A. Matysek‑Jędrych (2013, p. 213).

In the UK, Meier (2009) and Joyce et al. (2011, pp. 200–212) pointed out that the
first round of the asset purchase of the Bank of England had a significant economic
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impact on the profitability of treasury securities (gilt yields), according to Meier – it
has been decreased by about 35–60 basis points, while Joyce et al. estimated that the
medium‑and long‑term viability of these instruments were reduced by 100 basis
points, taking into account mainly the first two days of the asset purchase programme
(introduced by the Bank of England in 2009–2010, when the market reactions were
the strongest). They also stated that similar decreases have occurred in the corporate
bonds market and the effects in terms of their impact on the exchange rate of the
pound sterling (Joyce, Lasaosa, Stevens, Tong, 2011, pp. 113–161). The Quantitative
Easing policy had undoubtedly a significant impact on the profitability of the bond
market, especially Treasury securities and the prices of certain assets. This resulted
from the fact that the asset purchases reduced risk premia, affected the structure of
the balance sheet (D’Amico, King, 2010; Gagnon, Raskin, Remache, Sack, 2011b,
pp. 3–43; Joyce, Lasaosa, Stevens, Tong, 2011, pp. 113–161; Joyce, Tong, Woods,
2011, pp. 200–212). The results of the above presented research also indicate that
the decline in profitability was stronger in the case of Treasury bonds, which were
purchased under the asset purchase programmes, as well as for instruments with
a longer maturity. Moreover, there was a growth trend on the primary market of
corporate bonds and securities, as a result of the implemented non‑standard instru‑
ments. On the one hand, issuers, after stagnation of these markets, showed a willing‑
ness to issue securities (creating their supply). On the other hand, investors were
interested in new investments with these types of financial instruments (creating
demand for them).
In the recent literature there is also a discourse about the impact of the uncon‑
ventional liquidity instruments of central banks on the LIBOR‑OIS spread, which
is considered as a barometer of the interbank market, whose value significantly
increased during the global financial crisis, causing stagnation on the interbank
market. It appeared that during the collapse, monetary policy had lost its impact on
the interbank credit conditions. In the wake of these problems, the implementation
of further liquidity instruments on central banks was decided (Szczerbowicz, 2011,
pp. 110–111). In turn, Taylor and Williams (2009) argue that the liquidity facilities,
such as the TAF Programme (Term Auction Facility) cannot affect the LIBOR‑OIS
spread, because its growth is determined by excessive credit risk, not liquidity risk
(Taylor, Williams, 2009, pp. 58–83). On the other hand, Wu (2008) states that changes
of the spread was caused by an erroneous allocation of capital (liquidity) and that the
financial tensions on the interbank market were reduced after the TAF programme
implementation in the United States (Wu, 2008). Ait‑Sahali et al. (2009) argue that all
the positive announcements about the improvement of the financial markets function‑
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ing and macroeconomic data in the U.S., UK, Eurozone and Japan were associated
with just the decrease of the LIBOR‑OIS spread (Ait‑Sahalia et al. 2010).
Chart 5. 3‑months EURIBOR rate in relation to main refinancing operations rate
of ECB in years of 1999–2013 (in per cent)
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As a result of a reduction of the European Central Bank interest rates, short‑and
long‑term market rates have also changed. Their value, defining the cost of raising
capital (IBOR) or sharing capital (IBID) on the interbank market, was determined by
the central bank decisions. Chart 5 illustrates 3‑month lending rates in the Eurozone –
3M EURIBOR. Taking into account the period since 1999 – since the euro currency
introduction in the non‑cash form, till the end of January 2013, the EURIBOR rate
was changing similar to the level of the main refinancing operations rate of the central
bank. The largest decrease was recorded in the period from October 2008 to April
2010 – about 447 basis points, up to the level of 0.64 %. The price of money, formed
on the interbank market, also resulted in changes in the level of interest rates for bank
settlements with their clients. The interest rate of bank loans shows a tendency to
some viscosity in response to changes in monetary policy, despite the fact that these
phenomena are considered in many cases as asymmetric, because the interest rates of
bank loans usually better adapt to increases of the main interest rate of a central bank
than to decreases (European Central Bank, 2009, p. 57). Therefore the ECB directed
implemented non‑standard instruments exclusively to the banking sector, struggling
with liquidity problems, rather than expanding its activities to other institutions –
including non‑banking (as followed in Anglo‑Saxon countries).
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3. Summary
Summarizing, non‑standard and unconventional monetary policy instruments
of central banks, implemented during the global financial crisis contributed to the
stabilization of the financial markets, lowering long‑term interest rates, mitigating the
pressure of bank funding and were a useful protection against the possible liquidity
problems of banks (Cśuré, 2012). Despite this, some economists in the world believe
that their effectiveness was low at that time. They point out that these tools were
implemented too late, ad hoc, without clearly defined rules.
The survey, carried out in the study, about the consequences of standard and
non‑standard monetary policy instruments indicates that they played an important
role in stabilizing the functioning of individual banking institutions, financial markets
and national economies. These effects are visible over a short term. For observation
of the long‑term consequences, the financial markets and the global economy have
to wait a little bit longer.
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A bstract
The calculation of minimum regulatory capital for operational risk is a challenging task
for statisticians working in finance. The aim of this paper is to compare two alternative
approaches that are widely exploited in the banking reality. Thorough attention is paid to
the Loss Distribution Approach (LDA) and the Single Loss Approximation (SLA). Their
applications in the operational risk industry are examined and their outputs based on
simulated samples are compared. Particular attention is paid to the convergence of both
outputs considering the characteristics of underlying data.
Keywords: operational risk, SLA, LDA, estimation, method.
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1. Introduction
There is an observable financial market growth over the last decades. The natural
consequence of this phenomenon is the expansion of the risk that financial institu‑
tions are exposed to. Under the Basel II regulatory Framework (Basel Committee on
Banking Supervision, 2006), banks are obliged to keep a capital buffer to cover the
defined areas in the document. These are financial risk components such as:
• Market risk: the risk that the value of an investment will decrease due to move‑
ments in market factors;
• Credit risk: the risk of loss due to a debtor’s non‑payment of a loan (either the
principal or interest or both);
• Operational risk: the risk of losses resulting from inadequate or failed internal
processes, people and systems, or external events.
In this paper focus is placed on the issue of operational risk measurement. Opera‑
tional risk events can be placed on a risk map. If it consists of two dimensions: impact
and likelihood of a particular event, it can be illustrated as in Figure 1.
Figure 1. Theoretical risk map for operational risk (own work)

The bottom left corner of the map represents events carrying the lowest risk. Such
events are rare and do not cause any serious impact. As risk increases with growing
likelihood and impact, the highest risk is placed on the upper right corner of the
map. In spite of the fact, that such a risk map is an intuitive theoretical construct,
only part of it is reflected in reality. In practice however, there are no high‑impact and
likely to happen events as such which should have destroyed an exposed company
before or have already been eliminated. In reality a structure of risk as pictured in
Figure 2 is faced.
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Figure 2. Empirical risk map for operational risk (own work)

Risk managers have to face two types of risk: the first one consists of high fre‑
quency, low impact events and the second one: of rare and fateful. Risk capital is
a measure that refers to the second type of the risk. McConnell (2006) enlists some
of the most famous cases that can be numbered among such events:
• Daiwa Bank (1995): losses of over $1.1 billion due primarily to fraudulent trading
by an employee to cover trading losses; the unauthorised trading activity had
been going on for 11 years;
• The Great Train Robbery (1963): £2.6 million train robbery (the equivalent of
£41 million today) committed on 8 August 1963 at Bridego Railway Bridge,
Ledburn, England;
• China Aviation Oil (2004): losses of over $500 million due to fraudulent trading
by an employee to cover energy trading losses.
Every institution is given a set of tools that enables it to calculate operational risk
charges: the basic indicator approach1, the standardized approach2, and the advanced
measurement approach (AMA) – the most flexible one. The AMA allows banks to use
their internal solutions, which gives them some room to manoeuvre. Both methods
discussed in this article – Single Loss Approximation (SLA) and Loss Distribution
Approach (LDA) can be selected as AMA tools applied by a financial institution.
When speaking of the AMA a set of quantitative and qualitative standards have to
be fulfilled. In terms of this paper, the following two are the most relevant:
1 According to Basel Committee on Banking Supervision (2006): Banks using the Basic Indicator
Approach must hold capital for operational risk equal to the average over the previous three years of
a fixed percentage of positive annual gross income.
2 According to the Basel Committee on Banking Supervision (2006): In the Standardized Approach,
banks’ activities are divided into eight business lines: corporate finance, trading & sales, retail banking,
commercial banking, payment & settlement, agency services, asset management, and retail brokerage.
The capital charge for each business line is calculated by multiplying gross income by a factor assigned to
that business line. The total capital charge is calculated as the three‑year average of the simple summation
of the regulatory capital charges across each of the business lines in each year.
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• The operational‑risk measure is a VaR at the confidence level of 99.9 % with
a holding period of one year (§ 667 of the Basel Committee on Banking Super‑
vision, 2006),
• The measurement approach must capture potentially severe tail loss events (§ 667
of the Basel Committee on Banking Supervision, 2006).
As the main objective of a bank in this field is to identify, manage and minimize
each type of risk, adequate techniques have to be applied. These are broadly discussed
by Hess (2011), Cope et al. (2009), Böcker and Klüppelberg (2005). In this paper two
of them are discussed – Loss Distribution Approach and Single Loss Approxima‑
tion. As their objective is the same – the calculation of minimum regulatory capital
for operational risk – their outputs are compared and sources of discrepancies are
analysed.
There is little literature concerning the comparison of methods used in operational
risk measurement. The Fast Fourier Transform method, Monte Carlo simulation and
CreditRisk+ model are compared by Temnov and Warnung (2008), the Fast Fourier
Transform and Panjer recursion by Embrechts and Frei (2009, pp. 497–508), LDA
and SLA by Nagafuji et al. (2011). In this paper the last analysis mentioned is deep‑
ened by including such a factor as the convergence of both estimates considering
severity distribution parameters, frequency distribution parameter and the level of
quantile measured.
The aim of this paper is to identify and examine factors that constitute differences
in capital requirement estimates obtained through the use of two parallel methods:
Loss Distribution Approach (LDA) and Single Loss Approximation (SLA). As both
methods serve as equivalent tools that can be used to measure the same quantities,
it is advisable to monitor sensitivity of their outputs to the level of pre‑defined factors.
In this article, the LDA method based on the Monte Carlo simulation is treated as
a benchmark approach due to the fact that simulation is one of the ways of obtaining
cumulative operational loss distribution. The purpose of this paper is to verify the
hypothesis that the nature of the loss generating process (in consequence: param‑
eters of severity and frequency processes’ distributions) strongly influences capital
requirement estimates generated by both methods.
The organization of this paper is as follows. Section 2 describes the loss distribu‑
tion approach methodology and its properties. Further, focus is placed on an alterna‑
tive approach – Single Loss Approximation. Section 4 contains estimation principles.
In Section 5, calculation results based on both methods are submitted. Finally, both
estimates are compared and factors that account for discrepancies and convergence
of both are examined.
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2. The Loss Distribution Approach
One of the most commonly exploited methods of calculating minimum capital
charges is LDA. It is a statistical approach which is very popular in actuarial sciences
for computing aggregate loss distributions (Frachot et al., 2001). In the operational
risk case aggregated are: frequency component, i.e. the number of losses, and a sever‑
ity component, i.e. the individual loss amounts. LDA owes its popularity not only
to its wide implementation in the banking industry but also due to the existence of
particular procedures in the commercial software packages.
LDA assumes independence of the two processes: loss severity and loss frequency.
As a bank is required to measure the risk exposure at each risk cell of the Basel matrix
(defined by business lines and event types)3, the following assumptions are kept:
• According to Basel II requirements, business lines and event types are indexed
with i and j respectively.
• ζ (i, j) is an iid random variable which refers to a single loss event for the business
line i and event type j. The cumulative distribution function of loss severity is
denoted by Fi, j.
• The number of events between time points t and t + τ is random (most frequently τ
is assumed to be 1 year). The probability function of the random iid variable N(i, j)
is denoted as pi, j. The cumulative distribution function Pi, j is of the form:
(1)
A cumulative operational loss for the business line i and event type j between
time points t and t + τ is
(2)
If G(i, j) stands for the cumulative distribution function of ϑ(i, j) it is of the
form
3 The seven Basel II Level I event types are: Internal Fraud (IF), External Fraud (EF), Employment
Practices and Workplace Safety (EPWS), Clients, Products & Business Practices (CPBP), Damage to
Physical Assets (DPA), Business Disruption and System Failures (BDSF), and Execution, Delivery &
Process Management (EDPM). The eight Basel II business lines are: Corporate Finance, Trading and
Sales, Retail Banking, Commercial Banking, Payment and Settlement, Agency Services, Asset Manage‑
ment and Retail Brokerage.
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(3)
where F n* means n‑th convolution of the distribution function F.
Cumulative loss distribution in LDA is computed within two steps. Firstly, the
distribution functions of severity and frequency processes are approximated. In the
second step these are compounded with the Monte Carlo simulation. It is based
on the approximation of Gi, j with the set S〈ϑ(i, j)〉 = {ϑs(i, j), s = 1,…,S} of simulated
random variables ϑ(i, j). Then S〈ϑ(i, j)〉 represents the sufficient approximation of
Gi, j. The most popular risk measures that can be derived from such a distribution
are expected loss:
(4)
and risk capital:
(5)
at the significance level α. For the bank as a whole, the cumulative operational loss
distribution function is a double convolution of the form
(6)
Based on measures presented above may be risky not only due to the use of
simulations but also due to the heavy tailed nature of operational losses and the
instability of a high quantile of Gi, j and G which is of particular interest to analysts
(Cope et al., 2009). That is why selection of the adequate probability distributions
for severity and frequency processes is of high importance.
Distributions appropriately reflecting a character of frequency process are discrete
probability distributions. The most popular are: Poisson, binomial and negative bino‑
mial. The final choice should be based on data dispersion property (equidispersion,
underdispersion and overdispersion respectively).
According to the Extreme Value Theory, distribution that should be exploited to
fit the tail of the severity process distribution is the Generalized Pareto Distribution
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(Picklands, Balkema‑in Haan theorem 1974). Let X be a random variable with the
cumulative distribution function F. For a threshold u smaller than x, the cumulative
distribution function of excess of X above u is denoted as Fu :
Fu (x ) = P (X – u ≤ x | X > u), x ≥ 0.

(7)

For a large class of underlying distribution functions F, and large u, Fu is well
approximated by the generalized Pareto distribution:
(8)
A method that supports analyst’s choice of an appropriate u level (and conse‑
quently: split of the distribution’s tail and body) was proposed by McNeil and Saladin
(1997) and is called the Peaks Over the Threshold (POT). The most challenging part
of POT is to minimize bias and variance of the distribution estimates simultane‑
ously. As the level of risk capital strongly depends on the heavy‑tailed nature of the
loss events’ distribution (‘one loss causes ruin problem’; see: Gourier et al., 2009),
it is extremely important to fit the appropriate parametric distribution to the data
constituting the tail of empirical distribution. The latter however, is determined by
the cutoff threshold. Here the analyst faces the issue of variance‑bias tradeoff. Low
u contributes to the reduction of the distribution parameters’ variance – due to the
greater volume of observations in the dataset. On the other hand, the convergence
between Fu and the Generalized Pareto Distribution (GPD) proceeds with u → ∞.
An attempt to solve this problem is provided by the POT method. POT involves
multiple tools described in the literature that support analysts with the choice of
an optimal cutoff point:
• The distribution of the Kolmogorov‑Smirnov and Anderson‑Darling test p‑values
for different levels of the threshold u.
• The SMEF (Sample Mean Excess Function) plot. A linearly increasing function
proves that the severity distribution of underlying data is heavy tailed and can
be modelled with GPD.
(9)•
P‑P and Q‑Q plots for selected threshold u.
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• Empirical and parametric density function plots for the selected threshold u.
• Scale and shape parameters plots for different levels of the threshold u.

3. Single Loss Approximation
There is a wide range of distributions that can be applied when modelling the
loss severity process (Fontnouvelle et al., 2007). The most crucial criterion when
selecting the final distribution for the operational risk severity process is the heavi‑
ness of their tails. The distribution of loss X is heavy tailed if for the tail of the sum
(Ln) and the tail of the maximum (Mn) of an iid loss sequence X1,…,Xn following
condition holds:
(10)
The sense of the above property is that the tail of the sum sequence is almost
completely determined by the tail of the most significant one. In other words, for
a sufficiently high threshold the sum of losses concerned is dominated by the most
severe loss rather than by the accumulation of many small ones.
According to ‘one claim causes ruin’ paradigm mentioned by Hess (2011), the tail
of the ope-rational loss distribution
asymptotically follows the tail of the loss
severity distribution
. If, for some
which is
satisfied in the Poisson case, and given t = 1, then:
(11)
Then operational loss distribution is given by:
(12)
Setting the LHS equal to γ gives an asymptotic solution:
(13)
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and then:
(14)
The sense of this formula is remarkable for several reasons. First of all, SLA does
not involve simulations to compute VaR at γ level of confidence. Secondly, VaR at
high confidence levels depends only on the tail and not on the body of the sever‑
ity distribution. Moreover, there is no need to calibrate a specific counting process
as only the E[N] expression is used. Therefore the choice of the frequency process
distribution function is not necessary. Finally, the formula enables analysts to con‑
duct sensitivity analysis of VaR estimations – which is not the case in the black‑box
simulation model of LDA.
The closed‑form solution to this problem is proposed by Nagafuji et al. (2011).
It only has a single variable: frequency of losses of a given threshold or greater:
(15)
where c is the confidence level, R is the severity of observed losses (R should be
greater than or equal to u), NR is the annual number of losses ≥ R, ξ is the GPD
shape parameter, β is the GPD scale parameter, u is the cutoff threshold for the tail
distribution estimation. The last three parameters have to be estimated when fitting
the Generalized Pareto Distribution to empirical data.

4. Estimation
In order to conduct a pairwise comparison, the estimation of risk capital based
on: SLA and LDA formulas is performed.
There were 216 samples of random values simulated from GPD distribution –
based on combinations of 6 GPD scale parameters β (0.25, 0.5, 1, 2, 3, 4), 6 GPD
shape parameters ξ (0.1, 0.3, 0.4, 0.6, 0.7, 0.9). These values represent operational
losses that can impact any financial institution. Each sample consists of λ events
(25, 50, 75, 150, 200, 400). VaR is calculated for each sample at 4 confidence levels q
(0.90, 0.95, 0.99, 0.9999). As a result there are 864 (216 samples × 4 confidence levels)
SLA‑LDA pairs of capital requirement estimates to be compared under diversified
parameterization. The cutoff threshold u is set to zero.
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As for the LDA method, simulation of 60 steps is performed, each one consisting
of a 100000 year scenario. The final estimation of each output of the LDA formula
is derived as follows: λ losses are drawn from GDP distribution with parameters
ξ = ξi, β = βj, for i, j,…,6 and summed 100000 times. From the simulated sample 4
(0.90, 0.95, 0.99, 0.9999) quantiles are derived. This procedure is repeated 60 times
and the VaR results are averaged.
The SLA method is also based on parameters mentioned above. Each LDA output
has a corresponding SLA counterpart. Despite the fact, that the SLA formula is not as
complex as the LDA one, calculation for each combination of parameters is repeated
for 101 different levels of the threshold R. R comes from the range 〈0, VaR 0.9999 (ξi,
βj)〉 divided into 100 equal intervals. Finally, a median of different SLA estimates for
different levels of R as an appropriate SLA the VaR estimate is taken.

5. Comparison of the results
As the relation of SLA to LDA estimates is of primary concern, the range of its
values among 864 simulated pairs is examined. According to empirical findings this
variable takes values within the range of (0.03, 1.14) with 5 % of observations taking
a value above 1. The empirical distribution of SLA/LDA output estimate is shown
in Figure 3.
Figure 3. Empirical distribution of SLA/LDA outputs ratio (own work)
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The result of the estimation is presented in Tables 1–6. As there is a 4 factors
(β, ξ, λ, q) influence of which is examined, their impact is shown in six two‑dimen‑
sional tables containing the average ratio of SLA/LDA estimates for each combination
of two factors. The higher the average ratio the darker the background of a particular
cell.
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Table 1. Averaged SLA/LDA output ratio split by scale and shape (own work)

scale

Shape
0.1

0.3

0.4

0.6

0.7

0.9

0.25

0.13

0.29

0.39

0.58

0.66

0.78

0.5

0.13

0.29

0.39

0.58

0.65

0.81

1

0.13

0.29

0.39

0.58

0.65

0.78

2

0.13

0.29

0.39

0.58

0.66

0.80

3

0.13

0.29

0.39

0.57

0.65

0.79

4

0.13

0.29

0.39

0.57

0.65

0.79

Table 2. Averaged SLA/LDA output ratio split by lambda and scale (own work)

Scale

lambda
25

50

75

150

200

400

0.25

0.60

0.53

0.49

0.43

0.41

0.37

0.5

0.60

0.53

0.49

0.44

0.41

0.37

1

0.60

0.52

0.49

0.43

0.42

0.37

2

0.60

0.53

0.50

0.44

0.41

0.37

3

0.59

0.52

0.49

0.44

0.42

0.37

4

0.59

0.52

0.49

0.44

0.41

0.37

Table 3. Averaged SLA/LDA output ratio split by lambda and shape (own work)

Shape

lambda
25

50

75

150

200

400

0.1

0.28

0.18

0.14

0.08

0.07

0.04

0.3

0.47

0.37

0.31

0.24

0.21

0.15

0.4

0.55

0.47

0.42

0.35

0.32

0.26

0.6

0.69

0.63

0.60

0.54

0.52

0.47

0.7

0.74

0.70

0.67

0.63

0.62

0.58

0.9

0.86

0.82

0.80

0.78

0.76

0.74
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Table 4. Averaged SLA/LDA output ratio split by quantile and shape (own work)

Shape

quantile
0.9

0.95

0.99

0.9999

0.1

0.09

0.10

0.12

0.20

0.3

0.15

0.18

0.25

0.58

0.4

0.19

0.23

0.36

0.78

0.6

0.32

0.40

0.62

0.97

0.7

0.39

0.50

0.74

0.99

0.9

0.57

0.69

0.89

1.02

Table 5. Averaged SLA/LDA output ratio split by quantile and lambda (own work)

Lambda

quantile
0.9

0.95

0.99

0.9999

25

0.42

0.48

0.63

0.86

50

0.34

0.40

0.55

0.81

75

0.30

0.36

0.52

0.78

150

0.25

0.31

0.46

0.73

200

0.23

0.29

0.44

0.71

400

0.19

0.25

0.39

0.66

Table 6. Averaged SLA/LDA output ratio split by quantile and scale (own work)

Scale

quantile
0.9

0.95

0.99

0.9999

0.25

0.29

0.35

0.50

0.76

0.5

0.29

0.35

0.50

0.76

1

0.28

0.35

0.50

0.76

2

0.29

0.35

0.50

0.76

3

0.28

0.35

0.50

0.76

4

0.29

0.35

0.50

0.76

According to the tables above, with the increasing shape parameter progressing
convergence of SLA to LDA capital requirements can be observed. The same holds
for the quantile level. The increase of size of the examined sample contributes to the
inflation of the discussed gap. The ratio is scale‑invariant.
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The increasing correspondence of two methods in terms of shape parameter and
quantile is in line with the Single Loss Approximation method assumptions and the
nature of heavy tailed processes.
Gap inflation due to the increasing loss frequency is caused by the fact that the
LDA estimate increases faster than the SLA one with a growing λ. Details are shown
in Figure 4.
Figure 4. Increase ratio of both formulas’ estimates (own work)
14

increase ratio

12
10

SLA

8

LDA

6
4
2
0,96

0,91

0,86

0,81

0,76

0,71

0,66

0,61

0,56

0,51

0,46

0,41

0,36

0,31

0,26

0,21

0,16

0,11

0,06

0,01

0

quantile

Figure 4 refers to the distribution of the LDA and SLA estimates for two samples
(one of 50 and the second of 400 events) drawn from GDP distribution (scale = 1,
shape=0.5). Each curve shows the growth of each quantile level when increasing the
sample volume. As an example the interpretation for the 0.2 quantile is as follows:
The SLA estimate of 0.2 quantile of aggregate loss distribution is 3.12 times higher
for the sample including 400 events than for the sample including 50 events. The
same ratio for LDA equals 9.66.
Figures 5 and 6 show the influence of selected parameters on the convergence of
quantile estimates. These confirm the results obtained and presented in Tables 1–6.
The growth of λ causes the divergence of SLA and LDA estimates. In contrary, the
increase of the shape parameter contributes to the convergence of both estimates.
Also estimates of higher quantiles are more similar to each other than lower ones.
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Figure 5. Influence of lambda parameter change on SLA and LDA quantile estimates
(scale = 1, shape = 0.5) (own work)

Figure 6. Influence of shape parameter change on SLA and LDA quantile estimates
(scale = 1, lambda =100) (own work)
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6. Conclusions
The aim of this paper is to compare two alternative methods of operational
risk regulatory capital calculation and to verify determinants of their outputs’ gap
size. The discussed methods are the Loss Distribution Approach and Single Loss
Approximation.
According to the estimation results, with the increasing shape parameter pro‑
gressing convergence of SLA and LDA capital requirements can be observed. The
same holds for the quantile level. Increase in size of the examined sample contributes
to the inflation of the discussed gap. The influence of the scale parameter remains
insignificant. Both estimates are approximately equal for high levels of the shape
severity distribution parameter and high quantile level. These findings confirm the
hypothesis that the nature of the loss generating process significantly influences
capital requirement estimates generated by both methods.
Operational risk analyst has to face the problem of prudent risk management in
the banking industry. Higher capital requirement means not only more caution in
doing business but also reduced banking action. One also has to answer a question
of how reliable both methods are. The LDA method attempts to build an aggregate
operational loss distribution and make use of it when estimating a high quantile.
SLA is based on a ‘one claim causes ruin’ paradigm and ignores a great proportion
of the information available.
When selecting a particular method one should be aware of the advantages and
drawbacks of both. The LDA method can be perceived as more reliable due to the
fact that simulation is one of the ways of obtaining the cumulative operational loss
distribution. On the other hand, this method requires high volumes of data regarding
the loss frequency and severity processes’ and can be time‑consuming. As for the
SLA method, it is not as complicated as LDA (and as a result is not time consuming
at all). However, as proved in this paper – estimates derived based on the SLA method
can be strongly underestimated in relation to LDA ones.
As for the directions of further analysis, extension of the above investigation on
Panjer recursion (Hess, 2011) and refined SLA proposed by Degen (2010) is recom‑
mended.
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The early warning system

A bstract
The article attempts to create an early warning system for the food manufacturing sector.
Nearly 1,600 companies have been examined within this sector – including 118 bankrupt
companies. The author focuses on the evaluation of integrated models and selection of
financial indicators. These models, which classified companies in the sector in the best
way, were selected. Apart from the selection of financial indicators, these ratios, which
were characterized by predictive and discriminatory abilities, were chosen.
Keywords: risk, financial condition, integrated model, financial ratios.
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1. Introduction
Different types of early warning systems have been used to predict the bankruptcy
of companies. Such models allow us to evaluate a company holistically a quick and
low‑cost approach. The first seeds of creating systems using statistics and economic
‑financial indicators were created in the United State in the late 30’s – univariate
systems (FitzPatrick, 1932). Univariate models are characterized by the fact that the
financial condition of a given company is evaluated by a set of individual indicators.
Each ratio is evaluated separately. This approach has a fundamental advantage that is,
it does not require the assumption of normality indicators, but its biggest drawback
is the inconsistent classification. How to judge if a company has poor indicators of
liquidity and a very high level of profitability? An example of a univariate model is
the work of WH Beaver (Beaver, 1966). In his work he undertook, as a first attempt
to empirically verify, using appropriate test methods, theoretical considerations
showing the possibility of using financial ratios to identify the risk of bankruptcy
of companies. Beaver chose six indicators with the highest capacity for the early
recognition of symptoms of risk of bankruptcy.
At the end of the 1960s and continuing to the present time, the application of
multivariate systems2 has been developed. This analysis eliminates the biggest disad‑
vantage of univariate models the inconsistent classification. Multivariate statistical
analysis is using an indicators analysis as a component of the model. A synthetic
indicator is constructed on the basis of empirical data, which in turn creates several
partial indicators, which is attributed to the so‑called weight. Discriminant analysis
therefore tends to reduce the multidimensional space of the number of variables
to one aggregated variable. The initiator of using this analysis to predict corporate
bankruptcy is E. Altman. He has developed many models. His first created model
was presented in 1968 and consisted of five financial ratios (Altman, 1968). While
outside the United States a number of different models constructed, for example:
Argentina (Swanson, Tybout, 1988), Australia (Castagna, Matolesy, 1982), France
(Micha, 1984), Israel (Tamari, 1966), Japan (Ko, 1982), Canada (Springate, 1978),
Germany (Weinrich, 1978), the UK (Taffler, 1983).
In Poland after the political transformation many new economic phenomena have
occurred, such as the bankruptcy of enterprises. Therefore, the tools of economic
analysis has been taken into account, which allow for the rapid assessment of the
financial condition of companies. For the past twenty years many models have been
2

Discriminant analysis.
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constructed to examine the financial condition of companies and to classify them
as “ones in good condition” as the ones with “in bad condition” which means a high
risk of bankruptcy. The following most popular models: Gajdka, Stos’ models (1996),
Mączyńska’s models (1994, 2006), Pogodzińska, Sojak’ model (1995) Hadasik’s models
(1998), Wierzba’s model (2000), Hołda’s model (2001), Appenzeller, Szarzec’s models
(2004), Hamrol’s model (2004), Prusak’s models (2004).
These models have different numbers of indicators, although in many cases,
some financial indicators are replicated, for example, the size of the working capital,
the current liquidity.
The main goal of this article is to develop an early warning system against the
insolvency of a company operating in the sector of food manufacturing. In the ana‑
lyzed period there are listed nearly 1500 still operating companies (period 2000–2012)
and 118 companies that have gone bankrupt in the sector (period 2008–2013). For
the industry there will be selected financial ratios characterized by discriminatory and
predictive abilities. The selection process will be based on financial ratios calculated
for the designated test sample, which will enable us to show the desired values of
ratios and the values that characterize the bankrupt companies. Then 34 integrated
models will be calculated for the sample. Evaluation of the results of these models will
allow us to select those models that more accurately assess the surveyed companies.
With the selected indicators and models one will be able to create the early warning
system for companies operating in the sector of food manufacturing.

2. Methodology of research
The added value of the article is an early warning system. This system consists
of some integrated models and financial ratios. The system is aimed at the food
manufacturing sector to predict undesired changes in the financial statements of
companies operating in this sector.
One has analyzed nearly 1,600 companies, including 118 companies that had
gone bankrupt in the period 2008–2013 (since the outbreak of the crisis). Firstly, the
reports of insolvent companies were selected3, which were available (at least one) in
the period from one to five years prior to bankruptcy. The source of financial reports
is the database EMIS. One year prior to bankruptcy there was access to 55 reports,
two years prior to bankruptcy there was access to 71, three years prior to bankruptcy
3 Insolvent companies (bankrupt companies) are the companies which declared bankruptcy by
court. In this article use interchangeably.
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there was access to 68, four years prior to bankruptcy there was access to 58 and five
years prior to bankruptcy there was access to 50. A total of 101 insolvent companies
have been covered by the analysis. Then, the equivalents of insolvent companies were
selected, that are still operating and have not undergone any bankruptcy process.
In the selection of these companies the following criteria were used: industry, the
reporting period, the good financial condition and size of the company.
The author analyzed 49 integrated models (see table 1). However, due to difficul‑
ties in the calculations and the lack of data, only 34 integrated models4 were analyzed
in this research. For the 202 companies (101 +101) the values of these models were
calculated, and the results were analyzed. Subsequently, the values of integrated
models were calculated for the sector – nearly 1500 businesses. These models that
both for the small as well as for the large sample have a high accuracy of the correct
assessment of companies, were chosen.
Table 1. Analyzed integrated models
The model name

Number of used models
by each author

Altman; Altman, Haldeman and Narayan; Beatge; Beaver; Bednarski; Beerman;
Edminster; Fulmer; Gabrusiewicz; Gebhardt; Hamrol, Czajka and Piechocki; Hołda; Janek,
Żuchowski; Ko; Koh and Killough; Legault; Pogodzińska and Sojak; Robertson; Springate;
Taffler; Tamari; Weibl; Wierzba

1

Appenzeller and Szarzec; Weinrich

2

Prusak; Gajdka, Stos

4

Hadasik

5

Mączyńska (INE PAN)

9

Source: Own work.

Given the fact that the analyzed models are universal – they can be used for dif‑
ferent sectors, and the fact that each industry is characterized by a different specifi‑
city. It is an extremely difficult task to assess correctly the company using only these
models. For this reason, the author analyzed 64 financial ratios that were used in
the models, and financial analysis. The selected indicators were examined whether
characterized by predictive and discriminatory abilities or not. Then, the correlation
ratios were analyzed and a normal distribution was tested for each variable. This
comparison allows you to specify whether the indicators duplicate the information
and whether they are significant statistically or not.
4

Integrated models are models of discriminant analysis.
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3. Analysis of selected insolvent companies
One hundred and eighteen bankrupt companies of the sector of food manufac‑
turing were selected for the analysis. Most of the analyzed companies are limited
liability companies (see figure 1).
Figure 1. Bankruptcy of companies by legal forms for selected sample
Cooperative;
18,81%

General partnership;
11,88%

Serie1;
Limited liability
company, Ltd.;
61,39%

Stock corporation;
7,92%
Source: Own work.

In addition to the legal form of the analyzed companies it is worth showing the
age of the insolvent companies (see figure 2).
Figure 2. The age of bankrupt companies during 2008–2013
80,00%

74,26%

70,00%
60,00%
50,00%
40,00%
30,00%
19,80%

20,00%
10,00%

5,94%

0,00%
<5 years

5-10 years

>10 years

Source: Own work based on data from the Ministry of Justice and corporate financial statements from EMIS
database.
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Assessing the age of insolvent companies can be noted that the largest group of
the analyzed companies were more than 10 years of their “life” on the market (75 % of
the population). Thus, the companies were not at an early‑stage on the market, which
means that they did not disappear from the market immediately after establishment.
Therefore they had a chance to react to the deteriorating financial condition, by using
such integrated models and financial analysis. In addition, it is worth noting that
the total analyzed bankrupt companies employed 20,000 workers. This figure is the
number of the size of a small town. The manufacturing sector employs the highest
number of people in the economy. If even one manufacturing company goes bankrupt
it results in significant consequences for many people. So it is reasonable to especially
analyze the manufacturing companies.

4. Analysis of integrated models
Nearly 1,600 companies in the sector have been analyzed. On the basis of corpo‑
rate financial statements 34 values of integrated models were calculated. The sum‑
marized results of the studies were presented in figures and tables5.
Analyzing table 2, you can specify models, which are the best classified companies
in the sector. The threshold limit was set at 75 %. Five models were characterized
by higher values, in addition to the selected INE PAN6 whose approximate value
was 75 %. Model Gajdka, Stos most accurately classified businesses. Its effective‑
ness was close to 85 %. The effectiveness of the model is impressively not as high as
expected. What is more, the Legault model was rejected due to the lack of links it
has with the economic conditions of the country. The Polish models are better in
predicting financial condition of the companies in the Polish economy than foreign
models (Tomczak, 2009; Tomczak, 2010). Apart from the assessment of total accuracy
of the models, it should be examined the magnitude of I and II types of the errors.
Estimating the I type of error, that is the wrong recognition of a bankrupt company,
it is very important because it causes far greater consequences than the problem of
the II type (Tomczak, 2010). According to Altman the error ratio of I to II error is
like 1 to 31 (Altman, 1993, p. 263).

5 See Altman, Hotchkiss (2006, p.  233–330); Beaver (1966, p.  71–102); Gajdka, Stos (1996a,
p. 138–147); Gajdka, Stos (1996b, p. 56–65); Mączyńska (1994, p. 42–43); Mączyńska, Zawadzki (2006,
p. 205–234); Appenzeller, Szarzec (2004, p. 120–128); Hadasik (1998, p. 133–175); Hamrol (2004, p. 35–39);
Hołda (2001, p. 306–310); Korol, Prusak (2005, p. 92–123); Pogodzińskiej i Sojaka (1995, p. 53–61);
Wierzba (2000, p. 79–105); Zaleska (2002, p. 23–50) for an introduction to models.
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Table 2. Summary of results of 34 integrated models in the period from one to five
years prior to bankruptcy
Name\Period
Model

Total accuracy from one to five years prior to bankruptcy
1st

2nd

3rd

4th

5th

Average
1–5

Beaver

55,73 %

56,29 %

58,74 %

53,97 %

53,98 %

55,74 %

Altman

43,36 %

41,50 %

42,03 %

38,02 %

32,08 %

39,39 %

Legault

88,31%

80,12 %

80,95 %

77,33 %

77,34 %

80,81%

Springate

79,87 %

73,68 %

72,62 %

67,33 %

66,67 %

72,03 %

Taffler

68,18 %

62,57 %

63,10 %

63,33 %

61,48 %

63,73 %

Quick test

66,01%

70,18 %

71,08 %

68,24 %

66,41%

68,39 %

Mączyńska

80,39 %

68,42 %

69,46 %

66,44 %

60,00 %

68,94 %

INE PAN1

77,95 %

64,80 %

60,71%

62,50 %

66,67 %

66,53 %

INE PAN2

76,38 %

61,60 %

60,71%

63,54 %

65,75 %

65,60 %

INE PAN3

67,88 %

62,42 %

62,41%

66,67 %

73,33 %

66,54 %

INE PAN4

76,09 %

67,33 %

67,38 %

69,05 %

72,53 %

70,47 %

INE PAN5

83,44 %

69,23 %

72,46 %

67,79 %

67,41%

72,06 %
74,77 %

INE PAN6

85,71%

71,93 %

74,40 %

70,67 %

71,11%

INE PAN7

64,71%

58,48 %

75,60 %

71,33 %

71,85 %

68,39 %

Janek, Żuchowski

76,81%

69,54 %

66,20 %

69,84 %

73,63 %

71,20 %

Pogodzińska, Sojak

72,55 %

64,33 %

61,08 %

63,09 %

62,96 %

64,80 %

Gajdka, Stos1

37,25 %

31,58 %

31,74 %

35,57 %

36,30 %

34,49 %

Gajdka, Stos2

87,58 %

83,63 %

87,43 %

85,33 %

80,74 %

84,94 %

Gajdka, Stos3

41,83 %

32,75 %

30,54 %

28,86 %

23,70 %

31,54 %

Gajdka, Stos4

54,25 %

49,12 %

50,90 %

50,00 %

51,85 %

51,22 %

Prusak1

67,32 %

64,33 %

62,87 %

61,74 %

61,48 %

63,55 %

Prusak2

68,18 %

70,18 %

69,64 %

64,00 %

62,96 %

66,99 %

Prusak3

76,62 %

67,84 %

67,86 %

61,33 %

62,96 %

67,32 %

Prusak4

81,17 %

78,36 %

80,36 %

76,00 %

70,37 %

77,25 %

Hołda

65,58 %

59,06 %

60,12 %

62,67 %

62,96 %

62,08 %

Hamrol, Czajka and Piechocki

74,23 %

66,36 %

63,72 %

65,14 %

67,65 %

67,42 %

Appenzeller, Szarzec1

84,31%

71,35 %

72,46 %

67,79 %

70,37 %

73,25 %

Appenzeller, Szarzec2

84,31%

73,68 %

74,25 %

72,48 %

74,07 %

75,76 %

Hadasik1

78,23 %

67,68 %

65,64 %

63,95 %

66,92 %

68,48 %

Hadasik2

77,55 %

68,90 %

68,71%

69,18 %

67,67 %

70,40 %

Hadasik3

77,78 %

65,50 %

65,27 %

65,77 %

68,15 %

68,49 %

Hadasik4

77,55 %

65,85 %

65,03 %

65,31%

67,67 %

68,28 %

Hadasik5

78,23 %

65,85 %

65,64 %

67,12 %

67,67 %

68,90 %

Wierzba

87,58 %

76,61%

74,85 %

73,15 %

70,37 %

76,51%

Source: Own work.
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Analyzing figure 3, we can say that the lowest value of error was characterized by
the model Gajdka, Stos and Prusak. However, in this test were companies with both
a good and bad financial condition. The analysis of a large sample, approximately
1,500 companies in the study period, is presented below.
Figure 3. Error type I of selected models during the period from one to five years prior
to bankruptcy
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%
0,00%
1st

2nd

3rd

4th

INE PAN6

Gajdka, Stos2

Prusak4

Appenzeller, Szarzec2

5th

Wierzba
Source: Own work.

Analyzing figure 4, we can conclude that the two models, mentioned above, the
best classified companies in the sector in a small sample, while in the case of the larger
sample assessment it goes far below expectations. These models were characterized
by the lowest efficiency of 60 %. What was particularly evident in the decline in the
effectiveness of models below 40 % at the end of the period considered. Due to the
very low efficiency of these two models during the last 13 years – they were excluded
from the analysis. This low accuracy of evaluation of still operating companies may
be caused by posed large rigours to enterprises by these models. For both models, the
greatest importance was the profitability of a company. If companies are less profit‑
able it will mean that they may be classified with the companies in bad condition.
Top classifying a large sample model was the Wierzba model- accuracy over 90 %.
After the exclusion of two models from the early warning system, there remained
three models INE PAN6, Appenzeller and Szarzec and Wierzba.
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Figure 4. The values of selected models in the period from one to five years prior
to bankruptcy for the food manufacturing sector
100,00%
80,00%
60,00%
40,00%
20,00%
0,00%
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INE PAN6

Gajdka, Stos2

Prusak4

Appenzeller, Szarzec2

Wierzba

Source: Own work.

5. Selection of financial ratios
Using the evaluation of companies by a ratio analysis, which is based on a wide
range of financial indicators, the chosen areas of activity of a company can be
assessed6. Unfortunately, very often based on partial assessments, it cannot be made
a comprehensive evaluation of the financial condition of the company. Considering
this fact, it can be used as a complement to integrated models. Preferred values for
the most common financial ratios for the food manufacturing sector can be found
in (Tomczak, 2013).
We analyzed 64 financial ratios that were used in the integrated models and
financial analysis. Specified indicators were grouped into five business areas: liquid‑
ity, profitability, debt, turnover and initial analysis. The article was based on four
assumptions concerning the selection of indicators:
• indicators should be characterized by predictive abilities, that in the upcoming
bankruptcy the values of ratio should decrease or increase,
6 See Dudycz (2011, p. 55–258); Gołębiewski (ed.) (2014, p. 158–263); Gabrusewicz (2014, p. 292–368);
Kowalak (2008, p. 105–158); Walczak (2007, p. 346–379) to for an introduction to financial indicatiors.
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• indicators must also possess discriminatory abilities, which should be large vari‑
ation between the values of companies with bad and good financial condition,
• indicators should not be highly correlated,
• indicators should have a normal distribution.

6. Analysis of the ability of the predictive
and discriminatory indicators
On the basis of financial statements of the analyzed 202 companies (101 bank‑
rupt companies + 101 operating companies) the values of indicators of each one,
were calculated. If the insolvent companies performed by upward or downward
trend of indicator values for at least three years prior to the upcoming bankruptcy,
the indicator was characterized by predictive abilities. However, if the value of R for
a particular financial ratio was significantly higher than one, this meant that there
was a large variation between a group of insolvent and healthy businesses. In that
case, the indicator was characterized by the ability of a discriminatory.
Coefficient R can be calculated using the formula (Prusak ed., 2007, p. 168):

R=

max{x1 , x2 }
max{x1 , x2 }

Coefficient R does not work when the standard deviation of a variable is high
compared with the average value. In those circumstances the cognitive value is neg‑
ligible (average wrongly characterized the tested populations). For this reason, the
coefficient R* is calculated. It is a relationship between the average and the standard
deviation of each variable in populations. It shall be calculated by using the following
formula (Hadasik, 1998, p. 144):

R* =

xl
si

The value level of coefficient R* is greater than one, the value of the cognitive of
the average is greater, and vice versa when the level of value is close to zero.
Among 64 analyzed indicators only 15 of them were characterized by discrimi‑
natory and predictive abilities. Table 3 presents the values of R and R* for the mean
values. It should be added that the bold ratios in the table mean that they also had
abilities, specified above, for median values.
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Table 3. The indicators characterized by discriminatory and predictive abilities
Name of ratio Trend

1st
R

R1* R2*

2nd
R

R1* R2*

3rd
R

R1* R2*

4th
R

R1* R2*

5th
R

R1* R2*

1,45 1,15 1,86 1,61 1,23 2,02 1,74 0,62 1,93 1,68 1,04 1,81 1,67 1,32 1,72

NS/TA

D

NS/NS-1

D

1,24 1,77 5,19 1,13 3,30 4,12 1,08 0,77 7,84 1,13 2,86 6,07 1,01 4,86 5,97

(R*365)/NS

I

1,41 2,00 1,58 1,24 1,14 1,40 1,13 1,16 1,55 1,13 0,78 1,55 1,04 0,53 1,58

(SL*365)/NS

I

3,07 2,40 0,89 2,53 1,29 1,34 1,96 1,12 1,37 1,68 0,53 1,54 1,45 0,53 1,65

CA/SL

I

4,23 11,88 1,81 1,45 0,18 1,53 1,52 0,70 1,63 1,19 1,16 1,51 1,74 0,02 1,31

CA‑IN/SL

I

1,22 3,12 1,55 1,96 0,10 1,32 2,05 0,62 1,30 1,27 1,35 1,11 2,33 0,07 0,98

CA/TL

I

1,25 2,98 1,87 1,53 1,20 1,42 1,59 0,57 1,46 1,68 0,54 1,24 1,90 0,18 1,04

SL/TA

I

2,82 3,80 1,83 2,06 2,43 1,72 1,86 1,62 2,09 1,55 1,45 2,22 1,58 0,58 2,24

SL/OC

I

2,16 1,89 0,97 2,06 1,21 1,38 1,73 1,21 1,33 1,46 0,70 1,53 1,33 0,87 1,58

(SL*365)/CMP

D

2,16 1,97 0,93 2,41 1,45 1,35 2,93 0,33 1,32 1,46 0,37 1,50 1,32 0,90 1,49

TL/TA

I

2,75 3,89 1,92 2,16 2,64 1,92 1,96 2,17 2,18 1,68 1,94 2,38 1,70 0,81 2,56

E/TA

D

5,69 0,52 3,80 2,10 1,21 3,87 1,93 1,10 4,05 1,62 1,22 4,00 1,74 0,42 3,89

CC/TA

D

3,41 1,19 4,39 1,64 2,05 4,38 1,51 1,52 5,05 1,33 1,70 5,03 1,38 0,58 4,61

(NS‑CMP)/NS

D

–0,45 –2,24 0,92 –165 0,00 0,66 2,10 0,27 0,97 6,18 0,11 1,11 3,03 0,05 1,00

C/S

I

1,22 12,31 10,38 1,08 7,52 6,91 1,04 5,34 10,30 1,08 6,21 10,89 1,03 1,70 10,96

Legend: NS – net sales; TA – total assets; R – short term receivables; SL – short term liabilities; CA – current
assets; IN – inventories; TL – total liabilities; OC – operating costs; E – equity; CC – constant capital; CMP – costs
of manufacturing of the product; C – total costs; S – total sales; D – decreasing; I – increasing.
Source: Own work.

Analyzing table 3, it can be said that the highest values of the coefficients R,
R1 , R2* had debt ratios. It means that the company, which will soon go bankrupt
significantly increases its debt. It is worth noting that besides the debt ratios also the
current ratio was characterized by high values of coefficients R.
*

7. Correlation analysis
Then the 15 indicators, maintaining division to a designated group of indica‑
tors (choice of one from each group), which were characterized by predictive and
discriminatory abilities, were subjected to correlation analysis – determination of
the central variables. Table 4 shows only those indicators, through the use of the cal‑
culation, that had been selected as a central variable. Ratios, which are not included
in this table, over the period, were satellite variables. The central variables (1) and
corresponding satellite variables (0) formed concentration, which means that they
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were highly correlated with each other. The high correlation that occurs between the
variables, which are located in the same concentration, is reflected by the fact that
these variables have similar information capacity.
Table 4. Summary of the central variables
Ratio
NS/TA

Years prior to bankruptcy
1st

2nd

3rd

4th

5th

Number of
repeats

0

0

1

0

0

1

NS/NS-1

0

1

1

0

1

3

(R*365)/NS

0

1

1

0

1

3

(SL*365)/NS

1

0

0

1

0

2

CA/SL

1

1

0

1

1

4

CA‑IN/SL

0

0

1

0

0

1

CA/TL

0

0

0

0

0

0

SL/TA

0

0

0

0

0

0

SL/OC

0

0

0

0

0

0

(SL*365)/CMP

0

0

0

0

0

0

TL/TA

1

1

1

0

0

3

E/TA

0

0

0

1

1

2

CC/TA

0

0

0

0

0

0

(NS‑CMP)/NS

1

1

0

1

1

4

C/S

0

0

1

0

0

1

Source: Own work.

Analyzing table 4, these financial ratios can emerge, which were frequently
repeated during the period considered as a central variable. As previously mentioned,
one of the criteria for analysis was to take into account the group of ratios and the
second was the number of repetitions – minimum 2 times in the period. By using
specified criteria seven financial indicators can be selected. It is worth noting that
two ratios: receivables turnover ratio and quick ratio were highly correlated with
other indicators so they were removed from further analysis. Due to this fact, further
analysis consisted of five indicators: income dynamics, payables turnover, current
ratio, equity to total assets and gross margin. Table 5 listed the correlation matrix
for the selected indicators.
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Table 5. The average correlation between the selected indicators within 5 years
NS/NS-1
(SL*365)/NS

NS/NS-1

(SL*365)/NS

1

–0,08276

–0,07072

–0,01058

0,087947

–0,08276

1

–0,24522

–0,52909

–0,25609

CA/SL

E/TA

(NS‑CMP)/NS

CA/SL

–0,07072

–0,24522

1

0,47248

0,04182

E/TA

–0,01058

–0,52909

0,47248

1

0,33231

(NS‑CMP)/NS

0,087947

–0,25609

0,04182

0,33231

1

Source: Own work.

Analyzing the table above, it can be observed that there was a moderate linear
relationship between payables turnover and equity to total assets as well as current
ratio between equity to total assets. It should be noted that the indicators were char‑
acterized by high individual abilities showing mutual correlation, which did not
exceed 0.5 (Mączyńska, Zawadzki, 2006, p. 216). In this case, the correlation between
two indicators was a bit higher than the level of 0.5. The rest of the indicators are
weakly correlated with each other. Moving on to the final stage of selection – the
indicators were tested for normal distribution.
Normality test of Kolmogorov‑Smirnov
In the presented statistical test there is the following hypothesis:
• H0: F(x) = F0(x) – the null hypothesis (the distribution of the test variable is
similar to a normal distribution);
• H1: F(x) ≠ F0(x) – the alternative hypothesis (analyzed variable distribution is
not close to a normal distribution);
where:
F(x) – empirical distribution function;
F0(x) – theoretical distribution function;
Kolmogorov‑Smirnov enables you to compare the empirical distribution func‑
tion to the theoretical distribution function. Through the analysis of these dis‑
tribution functions the following statistic test is built (Jóźwiak, Podgórski, 2012,
p. 286–287):
Dn = sup | Fn (x) – F0(x) |
The critical area is defined by using the tables for statistics of Kolmogorov
‑Smirnov and calculated from the model presented above, size of the sample n and
the confidence level of 0.05. Thus, when:
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Dn < Dα,n
there is no reason to reject the null hypothesis that the distribution of the character‑
istic belonging to a particular class is normally distributed.
The test for the normal distribution of selected indicators was carried out for
each year separately, keeping a division between companies with a good financial
condition and the bankrupt companies. A total distribution of 50 indicators have
been tested (2 groups of companies, 5 indicators for 5 years).
In order to obtain a normal distribution of some indicators, eliminated from the
study were those values that significantly differed from the others. Usually it was
a minimum or maximum in the set. There also occurred such a situation, in which
we had to eliminate as many as 4 values. This process was intended to normalize the
set of values which related to a given characteristic, so that they did not distort the
results obtained by the test. The results of the Kolmogorov‑Smirnov test for compa‑
nies with bad and good standing were presented in tables 6 to 15.
Table 6. Kolmogorov‑Smirnov – bankrupt company for a year prior to bankruptcy
Name of the indicator

Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

0,91

0,24

0,095

0,213

0,05

39

–

payables turnover

153,94

161,57

0,2738

0,1834

0,05

55

–

current liquidity

10,20

56,93

0,4736

0,1868

0,05

55

–

equity to assets

0,20

0,48

0,138

0,185

0,05

54

1

gross margin

–0,20

0,67

0,3625

0,185

0,05

55

–

Source: Own work.

Table 7. Kolmogorov‑Smirnov – the company of good standing for one year prior
to bankruptcy.
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,12

0,17

0,1183

0,1373

0,05

98

1

payables turnover

50,21

36,00

0,1345

0,1381

0,05

97

2

current liquidity

2,41

1,51

0,1835

0,1367

0,05

99

–

Name of the indicator

equity to assets

0,64

0,15

0,063

0,1367

0,05

99

–

gross margin

0,09

0,09

0,2193

0,1367

0,05

99

–

Source: Own work.

65

The early warning system

Table 8. Kolmogorov‑Smirnov – the fallen company for two years prior to bankruptcy
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

0,94

0,25

0,0925

0,1923

0,05

50

1

payables turnover

122,56

164,12

0,2359

0,1614

0,05

71

–

current liquidity

1,63

2,278

0,339

0,1614

0,05

71

–

equity to assets

0,31

0,31

0,121

0,1614

0,05

71

–

gross margin

0,00

0,16

0,2213

0,1614

0,05

71

–

Name of the indicator

Source: Own work.

Table 9. Kolmogorov‑Smirnov – the company of good standing for two years prior
to bankruptcy
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,10

0,17

0,1217

0,1367

0,05

99

1

payables turnover

48,52

33,40

0,1304

0,1367

0,05

99

1

current liquidity

2,37

1,47

0,2251

0,136

0,05

100

–

Name of the indicator

equity to assets

0,64

0,15

0,0843

0,136

0,05

100

–

gross margin

0,09

0,09

0,1972

0,136

0,05

100

–

Source: Own work.

Table 10. Kolmogorov‑Smirnov – the fallen company for three years prior
to bankruptcy
Name of the indicator

Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

0,97

0,24

0,1386

0,1963

0,05

48

1

payables turnover

100,85

89,75

0,246

0,1649

0,05

68

–

current liquidity

1,46

2,10

0,3378

0,1649

0,05

68

–

equity to assets

0,32

0,29

0,1331

0,1649

0,05

68

–

gross margin

0,05

0,18

0,29

0,1649

0,05

68

–

Source: Own work.
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Table 11. Kolmogorov‑Smirnov – the company of good standing for three years prior
to bankruptcy
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,11

0,14

0,0882

0,141

0,05

93

–

payables turnover

51,40

37,51

0,1341

0,1381

0,05

97

4

current liquidity

2,21

1,36

0,216

0,1353

0,05

101

–

equity to assets

0,62

0,15

0,0598

0,1353

0,05

101

–

gross margin

0,10

0,10

0,1881

0,1353

0,05

101

–

Name of the indicator

Source: Own work.

Table 12. Kolmogorov‑Smirnov – the fallen company for four years prior
to bankruptcy
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,01

0,30

0,1606

0,2099

0,05

42

–

payables turnover

86,20

94,76

0,1205

0,1817

0,05

56

2

current liquidity

2,64

8,90

0,4007

0,1785

0,05

58

–

Name of the indicator

equity to assets

0,37

0,25

0,1495

0,1801

0,05

57

1

gross margin

0,02

0,13

0,2223

0,1785

0,05

54

–

Source: Own work.

Table 13. Kolmogorov‑Smirnov – the company of good standing for four years prior
to bankruptcy
Name of the indicator

Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,12

0,18

0,1352

0,1492

0,05

83

2

payables turnover

51,46

36,14

0,1209

0,141

0,05

93

–

current liquidity

2,23

1,54

0,2237

0,141

0,05

93

–

equity to assets

0,61

0,17

0,0563

0,141

0,05

93

–

gross margin

0,11

0,14

0,199

0,141

0,05

93

–

Source: Own work.
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Table 14. Kolmogorov‑Smirnov – the fallen company for five years prior
to bankruptcy
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,08

0,23

0,1112

0,269

0,05

24

1

payables turnover

85,94

64,19

0,1874

0,1923

0,05

50

–

current liquidity

1,14

0,858

0,176

0,1962

0,05

48

2

equity to assets

0,34

0,21

0,0979

0,1923

0,05

50

–

gross margin

0,03

0,09

0,2323

0,1923

0,05

50

–

Name of the indicator

Source: Own work.

Table 15. Kolmogorov‑Smirnov – the company of good standing for five years prior
to bankruptcy
Average

Standard
deviation

Statistics D

p‑value

α

n

Eliminated
number

income dynamics

1,13

0,16

0,163

0,17

0,05

64

2

payables turnover

59,51

56,51

0,1373

0,1484

0,05

84

1

current liquidity

1,99

1,33

0,2054

0,1475

0,05

85

–

equity to assets

0,58

0,17

0,0589

0,1475

0,05

85

–

gross margin

0,09

0,10

0,1708

0,1475

0,05

85

–

Name of the indicator

Source: Own work.

Analyzing the results of the Kolmogorov‑Smirnov test for selected indicators,
it can be seen that the two ratios: current ratio and gross margin did not have a nor‑
mal distribution for both business with bad and good standing. The turnover ratio
of liabilities for insolvent companies for three, two and one year prior to bankruptcy,
was not characterized by a normal distribution. However, in the remaining years after
removal of a maximum of 4 values; the ratio obtained this distribution. The other
two indicators were also characterized by a normal distribution.

8. Analysis of the results
Table 16 presents a summary of results – integrated models that best classified
the companies of the food manufacturing sector.
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Table 16. Summary of selected integrated models
Name\Period

Total accuracy from one to five years prior to bankruptcy
1st

2nd

3rd

4th

5th

Average
1–5

Gajdka, Stos2

87,58 %

83,63 %

87,43 %

85,33 %

80,74 %

84,94 %

Prusak4

81,17 %

78,36 %

80,36 %

76,00 %

70,37 %

77,25 %

INE PAN6

85,71%

71,93 %

74,40 %

70,67 %

71,11%

74,77 %

Appenzeller, Szarzec2

84,31%

73,68 %

74,25 %

72,48 %

74,07 %

75,76 %

Wierzba

87,58 %

76,61%

74,85 %

73,15 %

70,37 %

76,51%

Name\Period

2012

2011

2010

2009

2008

Average
2000–2012

Gajdka, Stos2

39,47 %

69,03 %

55,09 %

56,02 %

47,30 %

57,99 %

Prusak4

37,38 %

57,51%

56,49 %

62,19 %

54,70 %

53,77 %

INE PAN6

75,53 %

84,99 %

87,32 %

88,27 %

84,24 %

83,84 %

Appenzeller, Szarzec2

73,22 %

89,46 %

85,97 %

86,23 %

81,76 %

83,98 %

Wierzba

90,10 %

92,90 %

91,95 %

91,45 %

89,54 %

91,37 %

Model

Source: Own work.

Analyzing the collective summary of carefully selected integrated models, we can
say that the three models INE PAN6, Appenzeller, Szarzec2 and Wierzba best evalu‑
ated companies from the sector of food manufacturing. Two models INE PAN6,
Appenzeller and Szarzec2 are constructed of 5 indicators. In contrast, the Wierzba
model is built of 4. These models are based on financial ratios of the four areas of activ‑
ity: debt, turnover, profitability and liquidity. Consequently, they take into account
the various aspects of the company, not based on just one or two areas.
Model Gajdki & Stos2 and Prusak4 had the highest total accuracy and they were
characterized by the lowest type I error for small samples. However, these models
were constructed based on financial ratios of only two spheres of activity: profitability
and debt. The weakness of these models showed the analysis of a large sample, where
two models analysed demonstrated the lowest efficiency. While debt ratios are char‑
acterized by discriminatory and predictive abilities, as demonstrated in the article,
in turn, profitability indicators just do not possess these abilities. Only one indicator
of profitability had passed the selection process and this ratio was not characterized
by a normal distribution. Sometimes it happens that the companies go bankrupt for
other reasons than profitability, such as for reasons of insolvency.
Table 17 shows the five indicators, three of them had fulfilled the assumptions
concerning the selection of indicators. These indicators were derived from the three
spheres of activity, one of each sphere: turnover, debt and initial analysis. The income
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dynamics ratio has been used in five integrated models, the four of INE PAN. Mean‑
while the equity to assets ratio was characterized by the highest discriminatory and
predictive abilities of the selected indicators. Furthermore its validity, as an indicator
of these characteristics, has been included in the ten integrated models.
Table 17. Summary of selected financial ratios
Area of
activity

Name of indicator

Formula

Occurrence

Initial
analysis

income dynamics

Net revenues from sales and equivalent
(n)/ Net revenues from sales and
equivalent (n-1)

INE PAN1; INE PAN2; INE PAN3; INE
PAN4; Janek, Żuchowski

Turnover

payables turnover

(Short‑term liabilities*365)/ Net
revenues from sales and equivalent

Financial analysis

Liquidity

current liquidity

Current Assets/Short‑term liabilities

Beaver; INE PAN1; INE PAN2; INE
PAN3; INE PAN4; INE PAN5; INE PAN6;
INE PAN7; Gajdka, Stos1; Prusak1,
Prusak3; Hołda; Appenzeller, Szarzec1;
Appenzeller, Szarzec2; Hadasik2;
Hadasik3; Hadasik5

Debt

equity to assets

Equity/Total Assets

Legault; Quick test; INE PAN1; INE
PAN2; INE PAN3; INE PAN4; INE PAN5;
INE PAN6; INE PAN7

gross margin

Net revenues from sales and
equivalent – costs of products Net
revenues from sales and equivalent

Financial analysis

Profitability

Source: Own work.

Two indicators not in bold in the table: the current ratio and the gross margin
are not characterized by normality distribution. It is worth noting that for the con‑
struction of the integrated model, the normal distribution of features is one of the
conditions for inclusion in the ratio to the model. Although many authors do not
apply this criterion (Hadasik, 1998, p. 147).
In the present study, as mentioned above, the current ratio values were not char‑
acterized by a normal distribution. This ratio was the most common one in predictive
models – it has been used in half of the analysed models. In addition, the predictive
abilities of the current ratio were observed by Tomczak and Górski (2011); Tomc‑
zak (2012), Tomczak and Górski (2012) in the study of the approaching insolvency
of analyzed groups of companies. Moreover, in the studies, current ratio also was
characterized by high discriminatory and predictive abilities.
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It is worth remembering that the evaluation of liquidity ratios is not easy, because
the liquidity ratios assume a range of values that is appropriate (optimal). Dudycz
based on the analysis of liquidity ratios, sample of over 33 thousand companies, stated
that “the size distributions of indicators are similar to the random” (Dudycz, 2009,
p. 23). This means that the values of the liquidity are not characterized by normal
distributions. Taking these facts into account this indicator was incorporated into
the early warning system.
The early warning system will therefore consist of three models and four financial
indicators. In assessing a company or business partner it is very important to monitor
a significant deviation of selected financial indicators of the industry and the clas‑
sification of selected integrated models. If using models, the company is classified as
“healthy” as well as the values of the indicators are optimal in relation to the industry,
it means a low probability of bankruptcy in the next reporting period. What is more,
it is worth remembering the tendency of values of models and values of indicators
year by year. It may come to such a situation when both the models and indicators
will signal a good situation, but there will be a decline in the values of the models
and indicators year by year. Then it is an unfavourable phenomenon.

9. Conclusion
The study was aimed at an attempt to create an early warning system for the food
manufacturing sector. This system should consist of several integrated models and
financial ratios characterized by discriminatory and predictive abilities as well as
macroeconomic indicators, which reflect changes in the market and the industry. Due
to the limitations of the article, macroeconomic indicators have not been analyzed.
For the purposes of the article nearly 1,600 companies were analyzed, including
118 companies that have gone bankrupt in the period 2008–2013 (since the outbreak
of the crisis). Two samples of research were created, a small one, which consisted of
insolvent companies (101 companies) and well‑established companies (101 compa‑
nies) as well as a large one, which consisted of nearly 1,500 companies in the sector
of food manufacturing. The selection of companies in the small sample was used by
applying the following criteria: companies operating bankruptcy processes could not
be instituted against them, they should be in the same industry, the reporting period
shall be the same, companies should be characterized by good financial standing and
size of the company should be similar.
Forty nine integrated models have been analyzed. However, due to difficulties in
the calculations and the lack of data, for a thorough analysis thirty four integrated
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models were selected. The values of selected models were calculated for both a small
and large test sample. These models have been chosen, which during the research best
classify companies in the sector. Ultimately three models were picked: model INE
PAN6, model Appenzeller, Szarzec2 and model Wierzba. These models evaluated
businesses surveyed with 75 % of accuracy for small sample, and for large sample, two
of them with nearly 84 % accuracy, and one model of willows with 91% accuracy.
Two models, model Gajdka & Stos2 and Prusak4, best evaluated a small sample,
but evaluated a large one the worst Because these models were built on the basis of
financial indicators covering a range of only two areas of activity: profitability and
debt. The weakness of these models was presented in a large sample analysis, where
just because of this reason, two models showed the lowest accuracy.
The selection of ratios was made by applying the following guidelines: financial
ratios should be characterized by predictive abilities, the values of ratios of approach‑
ing bankruptcy should decrease or increase, indicators must also possess discrimi‑
natory abilities, which should be a large variation between the values of companies
with good and bad financial standing, variables should not be highly correlated and
the values of the ratios should be characterized by a normal distribution.
With the assumption of these criteria three indicators were selected: income
dynamics rates, payables turnover and equity to assets. Equity to assets ratio was
distinguished by the highest predictive and discriminatory abilities of the selected
indicators. The importance of this indicator gave the rank of ten times of using it in
the analyzed models.
Two indicators that did not fulfill the guidelines for normal distribution was
the current ratio and the ratio of gross margin. Albeit the size of the liquidity ratios
are generally not characterized by a normal distribution, but they are often used in
models. Because of the fact that they have high capabilities of both predictive and
discrimination. The current ratio was used in seventeen models (in half of the ana‑
lyzed models). Considering this indicator was incorporated into the system.
Finally, the early warning system consists of three models and four indicators.
The use of this system for the company in the sector of food manufacturing should
reduce the risk of doing business and restrict cooperation with those business partners
who are characterized by low financial condition and may have financial problems
in the future. It should also be mentioned that macroeconomic indicators should be
included in the system.
It is worth mentioning that such a system allows you to evaluate a company
holistically, quickly, low‑cost. Ultimately this system takes into account the industry
(including macroeconomic indicators into the system taking into account changes
in the market economy), which is a huge advantage of this type of system.
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The next step in the research will be to analyze the macroeconomic indicators,
and combining these into the system that best describe the market changes.
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1. Introduction
In today’s world it is important to have accurate and credible information at the
right time. It is crucial for the participants of the financial system. It may lead to the
increased informational efficiency of the financial market. Each time new significant
information is announced (i.e. the effect tests) it helps to revise the market participants
expectations and trigger appropriate responses in the prices of these instruments.
The problem of the effect tests is closely related to the theory of market efficiency,
which was formulated by a team of American researchers gathered around Professor
E. Fama and behavioural economics. The fundamental assumption of the theory of
efficient markets hypothesis was that the financial markets we are dealing with the
efficiency of information, which means that all incoming information, both public
and private, are immediately reflected in the prices of securities.
The author in these studies decided to compare the information efficiency in
countries operating in one economic area – the EU, holding their national currency,
pursuing a strategy of direct inflation targeting and which are at different levels of
development.
Having a wide range of information appearing in the financial market, we will
analyse the reaction of the term structure of interest rates and the reaction of the
stock market after the decision taken by the national central banks to change or not
to change the reference rate.
The choice of information to research, will help to verify the semi‑strong form
financial market efficiency and to compare the results received in selected EU coun‑
tries.

2. Outline of the theory
The history of efficient market hypothesis has its roots reaching back to the
turn of the nineteenth and twentieth centuries. At this time, it had one basic task:
providing a judgment to use in the analysis of the capital markets theory of prob‑
ability. The first researcher who formulated the basics of this hypothesis was Louis
Bachelier. In his doctoral thesis in 1900 entitled Theories de la Speculation the French
mathematician, using statistical methods to analyse the rate of return, researched the
stock market, bonds, futures and options. It was observed that the Wiener process1
1

Relative changes in stock prices can be treated as independent Gaussian variables.
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had the nature of the Brownian motion (Gabryś, 2006). This thesis, in spite of its
revolutionary character, however, did not meet with the approval of contemporary
researchers. The Bachelier theory appeared back in the late forties. The results of
most studies, which later became the basis for the hypothesis and the development
of the concept of market efficiency, have been collected in the work of Cootnera and
Osborne in 1964. In the same year, Eugene Fama2, taking into account the observa‑
tions Osborne and Cootnera, formalized the concept of efficiency in his doctoral
dissertation in 1964 and two subsequent articles (Fama, 1965, p. 34–105; Fama, 1970,
p. 383–417), and called it the hypothesis of market efficiency, which finds that the
market is a martingale, or “fair game”3.
The development of the concept of efficient markets has led to a challenge of
both fundamental analysis and technical, because so far it has been argued that
the information about the prices of the past are not related to future prices. This
attack on fundamental analysis, meant that the investor community “calmed down”,
a compromise that resulted in the emergence of a moderate version of the efficient
market hypothesis.

3. The concept and definition of an efficient market
In aspect of the analysis of literature, the concept of efficiency is most commonly
used for the testing of the efficiency of the economic system. As the J. Czekaj, M. Wos
and J. Żarnowski, efficiency “is (...) praxeological category, is synonymous with
the rationality of human actions in the process of management” (Czekaj, M. Woś,
J. Żarnowski, 2001). With regard to the concept of capital market efficiency it is
defined slightly differently (more), because there are three different aspects of effi‑
ciency (Gurgul, 2006):
a) allocative efficiency,
b) the effectiveness of transactional (operational),
c) the effectiveness of information,
In a first aspect, the efficiency is to ensure the flow of capital in order to imple‑
ment the most effective and development projects of the national economy. Secondly,
the market may be efficient in terms of transactionality. This means transaction cost

2

kets.

Eugene Fama, a professor at the University of Chicago, is considered the father of efficient mar‑

3 The game is fair if, at every stage of the expected based on the current course of the game changes
in the wealth of each participant are zero.
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reductions as a result of competition on the market. The last one to understand the
efficiency of the market shows its characteristic information. It ensures that at any
time the price of financial assets, is a reflection of the complete information held by all
market participants. In other words, the price we pay at any given time for a particular
financial instrument, is reflected in the past, present and future (anticipated) condi‑
tion in the short and long term. This way of understanding the effectiveness comes
from the definition formulated by E. Fame in the late 60s and 70s of the twentieth
century. E. Fama dealing with the issue of efficiency defined the conditions necessary
to market to become efficient.
To these necessary conditions included (Szyszka, 2003):
• a large number of participants in a given market who maximize income, many
of whom are professional analysts,
• randomness influx of new information to the market,
• promptly make the appropriate transaction as a result of the influx of new infor‑
mation.
In addition to the necessary conditions formulated sufficient conditions for
a market considered effective. These are (Gurgul, 2006):
• common and free of availability of information for all market participants,
• no transaction costs and taxes,
• compliance of market participants about the impact of the content of the new
information on the prices of listed instruments, securities.
Taking into account the above conditions E. Fama realized that there are no
markets that meet all of these conditions. Therefore, in his next work he decided to
clarify the definition of informational efficiency of the market, setting three of its
new forms. With each of the forms there is a related hypothesis that explains what
type of information is included in the price of the instrument. Among these three
forms E. Fama singled out the following forms (Starzewski, 2006):
• Weak form occurs if and only if reflected in the prices of titles are only about
“history”, both on themselves and the company, the industry and the whole
economy,
• Semi‑strong form occurs if and only if it immediately reflected in prices, in addi‑
tion to information defined as poor, are current public information, freely avail‑
able,
• Strong form occurs if and only if the immediate reflection in prices, except for
information that is defined in the forms of poor and Semi‑strong Form, find
current information “private” about a secretive character, known only to a very
narrow group of people.
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The purpose of this division was to identify the various stages that can lead to the
achievement of full informational efficiency of the market. This division of market
efficiency that makes each of the levels of market efficiency requires different methods
of verification, which is closely related to the division of the whole set of information
on the group. Methods of verification can then be classified according to the follow‑
ing evaluation methods (Czekaj, M. Woś, J. Żarnowski, 2001):
a) method of assessing the week effectiveness,
b) method of assessing the average effectiveness,
c) methods for assessing the strong effectiveness.
This includes tests of events presented in the following section, including test
market reaction to the announcement of new public information belonging to the
category of Semi‑strong form. The fundamentals for the research is reaction of the
yield curve at the central bank’s decision to change or leave unchanged the official
interest rate and compare it across countries: Poland, the Czech Republic and Great
Britain.

4. Characteristics and stages of the study
Study of the reaction of the yield curve in the aspect of the effectiveness of
information was carried out by one research method in order to compare the two
financial markets: the market belonging to the category of emerging markets and the
market belonging to the category of developed markets. The first of them countries
such as Poland and the Czech Republic were included, while the second the United
Kingdom. The selection of countries is not random because of the possession of the
national currency of these countries and the implementation of the inflation targeting
strategy. The scope of research covers the period from 2004 to 2012.
Tests of events based on the relative changes in market interest rates have been
carried out in four stages. The first stage examined the reaction of the financial mar‑
kets, analysing the change in the price of financial instruments on the occurrence of
the event, which is the announcement of the decision to change the national bank,
or leave unchanged the level of the reference rate. The analysis was divided into
a short and long segment of the yield curve due to the maturity of the instruments
examined (on segments of the yield curve, which they represent) and the stock market
shares. Types of instruments and stock indices in each of these countries are shown
in tables 1 and 2 below.
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Table 1. Types of instruments representing a short term section of the yield curve
taken to investigate the response to the event of the announcement
of the decision to change or not to change the reference rate in Poland,
the Czech Republic and the UK
Poland

Republic of Czech

United Kingdom

WIBOR 1M

LIBOR 1M

LIBOR 1M

WIBOR 3M

LIBOR 3M

LIBOR 3M

WIBOR 6M

LIBOR 6M

LIBOR 6M

FRA 1X4

FRA 1X4

FRA 1X4

FRA 3X6

FRA 3X6

FRA 3X6

FRA 6X9

FRA 6X9

FRA 6X9

Source: own research.

Table 2. Types of instruments representing a long term section of the yield curve
taken to investigate the response to the event of the announcement
of the decision to change or not to change the reference rate in Poland,
the Czech Republic and the UK
Poland

Republic of Czech

United Kingdom

OS 2Y

OS 2Y

OS 2Y

OS 5Y

OS 5Y

OS 5Y

OS 10Y

OS 10Y

OS 10Y

IRS 2Y

IRS 2Y

IRS 2Y

IRS 5Y

IRS 5Y

IRS 5Y

IRS 10Y

IRS 10Y

IRS 10Y

Source: own research.

Table 3. Types of stock market indices taken to investigate the response to the event
with the announcement of a decision to change or not to change
the reference rate in Poland, the Czech Republic and the UK
Poland

Republic of Czech

United Kingdom

WIG

PX GLOB

FTSE

WIG20

PX

FTSE100

Source: own research.
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In the second stage the defined “event window”4. In this study, the “event window”
ranges from five days before the event, the announcement of the decision (denoted
T – 5) the fifth day after hearing the decision (T + 5).
In the third stage, for each of the “event window” have been designated:
a) the relative changes used to study, quoted interest rate instruments according to
the formula:

WZ iT 0+ j =

(riT 0+ j − riT 0+ j −1 )
riT 0+ j −1

j < –5; 5 > for the event, which is the announcement of the decision by the national
bank,
where:
WZiT 0 + j – relative change in the market interest rate quoted in the “event window”
in the period from T0 + j –1 do T0 + j,
riT 0 + j – quoted market rate instrument in the “event window” and on T0 + j,
riT   0 + j –1 – quoted market rate instrument in the “event window” and on T0 + j –1,
b) average relative change for each T before and after the event using the formula:
N

WZ T 0+ j =

∑WZ
i =1

iT 0 + j

N

where:
N – number of events in a given period,
c) the relative change of the average cumulative,
CWZ (T1 , T2 ) =

T2

∑WZ

T 0+ j

T =T1

d) margin analysis – the difference between the rates on the interbank market,
e) spreads analysis (e.g., the difference between WIBOR‑I and the reference rate).

4 “Window Event” is the time interval during which analyzes the impact of pre‑defined event on
the price of the selected instrument.
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The research reaction of individual sections of the yield curve on the published
decision of the reference rate by the national central banks are further divided into
four groups5:
• Group 0 which contains an event consisting of the announcement of the decision
by the national central banks not to amend the reference rate,
• Group 1 in which there are events based on the announcement of the decision
by the national central banks to increase the reference rate,
• Group 2 in which the reduction was made the reference rate by 10 % or more,
• Group 3 includes events where the reference rate has been reduced by less
than 10 %.
In the last step verification of statistical hypotheses was performed, which decides
the conditions under which the tested null hypothesis should be rejected, and at which
there is no basis for its rejection. In the present study, we adopted the null hypothesis,
according to which the announcement of the decision by the central bank has no
significant effect on changes in market interest rates, which means that the expected
value of the relative changes in market interest rates is 0.

H 0 : WZ T 0+ j = 0    H 1 : WZ T 0+ j ≠ 0
The test of the hypothesis is the statistic t, described by the formula:

t=

WZ T 0 + j
s/ N

In addition to the t‑statistic, p‑value was determined, which is a more gen‑
eral way of communicating the results of a statistical hypothesis test (Aczel, 2000).
It leaves the choice of the level of significance if the test user, and not statistician that
carry out the test. The p‑value is the lowest level of significance α at which the null
hypothesis could be rejected at the obtained values test. The designated value of p is
the empirical significance level. If the empirical p‑value exceeds the accepted level
of significance, then there is no reason to reject the null hypothesis at a significance
level adopted. Otherwise, the null hypothesis is rejected. In the case of the tests the
level of significance α = 0.05.
5 The division into groups was used to evaluate the evolution of the yield curve on the various deci‑
sions taken by national central banks and not the case for the blurring effect of the described event.
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5. The conclusion research of the information efficiency
of the financial market in Poland, the Czech Republic
and the UK
Based on the analysis, you can draw conclusions with regards to the Poland
compared with the other two countries: the Czech Republic and Great Britain.
With regard to the instruments representing a short section of the yield curve at
the event, which is the announcement of the decision by the MPC to change or leave
without changing the reference rate enabled the following conclusions to Poland:
• The direction of the reaction interbank interest rates WIBOR and FRA contracts
was in line with expectations and decisions of the MPC,
• Financial market participants better predicted events that were associated with
leaving unchanged the level of the reference rate than the events that were associ‑
ated with the change of these rates,
• Statistically significant responses to the interbank deposit market took place both
before and after the occurrence of the event,
• Changes in interest rates on the FRA market generally reacted on the same day
as the announced MPC decision,
• The market interbank rates much longer adapt to the change in the event of
increases in interest than in other cases,
• The market much more rapidly respond to the “high” rate cut than a “small” for
each day “event window”, although it did not result in additional statistically
significant response on other days,
• The market sees a smaller response in the case of FRAs (average maturity) than
the interbank interest rates WIBOR (short maturities), since the impact of the
current decision of the MPC is smaller,
• Analysis of the cumulative mean relative change WIBOR and the FRA in the
case of “large” changes in interest reaction was observed throughout the “event
window” compared to other groups,
• Average margins (the difference between WIBOR and WIBID) persisted through‑
out the “event window” at a stable level, but at the highest possible resulting from
the current regulations (except group 0),
• Average margins (the difference between the rate of ask and bid FRA) persisted
throughout the “event window” to be stable. This level is lower than the inter‑
bank rates,
• Analysis of the average spreads (the difference between the WIBOR and the
reference rate) indicates that the market anticipated the direction of change in
interest, but in group 3 a surprise level of the response can be seen, and even
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a sudden change, resulting from the deteriorating market situation in Poland
and the world6,
• Analysis of the average spreads (the difference between the FRA and the reference
rate) indicates that the market in the long term (maturities of these instruments)
provided MPC decisions and even their continuation in the near future, especially
that on the Polish market changes were usually bursts.
Table 4. Summary results of the test events (RPP decision) based on the relative
changes in market interest rates (short section of the yield curve)
Reference rate

WIBOR 1M

WIBOR 3M

WIBOR 6M

FRA 1X4

FRA 3X6

FRA 6X9

Group

Test

0

73

T-5

T-4

T-3

T-2

T-1

T0

T1

T2

T3

T4

T5

+

+

+

+

+

1

16

2

11

–

3

2

–

0

73

–

1

16

2

11

3

2

0

73

1

16

2

11

–

–

–

3

2

–

(–)

–

0

73

1

16

2

11

3

2

0

73

1

16

+

2

11

–

3

2

–

0

73

1

16

2

11

3

2

–

–

+

+

+

–

–

–

+

(–)
+
+

+

–

+

–

–

(–)
+

+

+

+

+

+

+
–

–

(–)

(–)

(–)

(–)

+

+
–
(–)

(–)

6 It must be remembered that the “large” reductions took place at a time when the Polish started to
feel the effects of the crisis which began in 2007 in global markets.
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Reference rate

Group

Test

OS 2Y

OS 5Y

OS 10Y

IRS 2Y

IRS 5Y

IRS 10Y

WIG 20

WIG

T-5

T-4

T-3

T-2

T-1

T0

0

73

1

16

2

11

3

2

0

73

1

16

2

11

–

3

2

–

0

73

1

16

2

11

3

2

0

73

1

16

2

11

3

2

0

73

1

16

2

11

3

2

0

73

1

16

2

11

3

2

0

73

1

16

2

11

3

2

0

73

1

16

2

11

3

2

T1

T2

T3

T4

T5

–
+

+

–

–
–
+
–

–
–

–
–

+

–
+

–

+

–

+
+
–

+

+
–

“+” Or “–” indicates that the response was statistically significant at the 5 % level (α = 0.05), and report the sign
of the parameter.
“( – )” Or “(+)” – is a clear response on the chart, which the author found that the null hypothesis should
be rejected by the test was, but because of the small sample size (<5) asked statistic p at the adopted level of
significance can not allowed.
Source: own research.
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Analysis of the long segment of the yield curve showed that the instruments
with longer maturities to maturity or less responsive to the event to change or leave
unchanged the level of interest rates. This did not prevent, however, drawing general
conclusions from this part of the study. They are as follows:
• The direction of the reaction rates of return to maturity bonds and interest rate
swaps, the IRS was in line with expectations and decisions of the MPC,
• Statistically significant reactions occurred on the day of the event,
• The number of statistically significant response for days “event window” was
far less than previously analysed instruments belonging to a short segment of
the yield curve,
• There were no statistically significant response in group 1, which means that the
increase in central bank interest rates, the market did not react to the increase
in interest of profitability, which proves that the market anticipated much earlier
and did not react to this decision the day of the event,
• In group 2, the IRS swaps, there were no statistically significant reactions, which
may mean that the market is predicted before the current decision and evaluated
to monetary policy as credible,
• Market somewhat more rapidly respond to the “high” rate cut than a “small”
for each day “event window”, although it did not result in additional statistically
significant response on other days,
• Analysis of the cumulative mean relative change in interest OS and the IRS in
the case of “large” changes in interest rates more responsive to unexpected events
compared to other decisions. Compared to a short segment of the yield curve
is somewhat smoother waveform,
• Average margins (the difference between the rate of ask and bid FRA) in group 0
and 1 persisted throughout the “event window” at a stable level, similar to those
observed on the occasion of FRA rates,
• the average margin (difference between bid and ask rate of FRA) in the group 2
and 3 remained of stable nature in the “window event”, in particular in group 3,
in which the degree of variation was larger than in Group 2,
• Analysis of the average spreads (the difference between the OS/IRS and the
reference rate) indicates that the market anticipated the direction of changes
in interest rates, and even levels through a greater difference in the spread
between groups 2 and 3 and also the continuation of politics that leads the
central bank.
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Unfortunately, as would be expected, the obtained results are difficult to draw
firm conclusions about the Semi‑strong Form informational efficiency of the mar‑
ket. The results obtained by the test events shown because, on the one hand that
the rates of medium and long maturities meet the objectives of efficient markets,
on the other hand, the interest of the shortest short maturity does not behave as
expected. For this reason, these results are well compared with other countries. For
this purpose, similar test events were conducted with two other countries such as
the Czech Republic and the United Kingdom, which represent respectively a similar
level of development and developed market. As a result of comparative analysis we
can draw the following conclusions:
• Changes in interest rates on the interbank deposit market in the Czech Republic
and the UK generally react more quickly, i.e. before the event compared to the
market in Poland (with a few exceptions, group 3 in the UK),
• The number of statistically significant market reactions to the FRA rates in the
immediate vicinity of T  0 reported at least in the UK (except for group 3), and
the highest in the Czech Republic, which occurred on the day following the
decision announced by CNBBB,
• The number of statistically significant market reactions to the OS and the IRS in
the immediate vicinity of T  0 reported the least (or at all) in the UK. Although
in this respect Poland persists the UK as it showed on the occasion of a short
segment of the yield curve. In comparison the worst in this respect fared the
Czech Republic, which statistically the significant reaction was the highest in
groups 2 and 3,
• On the basis of the cumulative average relative changes in interbank rates and
FRA rates one can generally conclude that the market in Great Britain reacts
more smoothly and quickly adapts to the decision than the market in Poland
and the Czech Republic (except group 3),
• Analysis of the cumulative mean relative change in interest OS and IRS behaves
similarly in the three countries,
• Analysis of the average margins showed that their greatest level was recorded
in Poland, and the lowest in the UK.
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Table 5. Summary results of the test events (decision CNBBB) based on the relative
changes in market interest rates
Reference rate

PRIBOR 1M

PRIBOR 3M

PRIBOR 6M

FRA 1X4

FRA 3X6

FRA 6X9

OS 2Y

OS 5Y

Group

Test

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

T-5

T-4

T-3

T-2
–

+

+

+

+

+

–
+

1

10

+

2

2

–

3

11

–

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

(–)

+

T3

T4

T5

–

+

+

–

–

–
+

11

63

+

T2

+

(–)

63

10

+

T1

+
–

–

3

0

T0

(–)

0

1

T-1

–

–

–

–

+
–
–

(–)

(–)

–

–

+
(–)

–

–

+
+

+
(–)

(–)

–

(–)
–

–
–
–

+

+

(–)
–

+
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Reference rate

Group

Test

0

63

+

1

10

–

OS 10Y

IRS 2Y

IRS 5Y

IRS 10Y

PX

PX GLOB

T-5

T-4

T-3

T-2

T-1

T0

T1

T2

T3

T4

T5

2

2

3

11

0

63

1

10

2

2

3

11

–

0

63

+

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

–

(–)

(–)

(–)

–

–

–

–
–

–

–

–
–

+

+

+

+
–

“+” Or “–” indicates that the response was statistically significant at the 5 % level (α = 0.05), and report the sign
of the parameter.
“( – )” Or “(+)” – is a clear response on the chart, which the author found that the null hypothesis should
be rejected by the test was, but because of the small sample size (<5) asked statistic p at the adopted level of
significance can not allowed.
Source: own research.
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Table 6. Summary results of the test events (decision MPC) based on the relative
changes in market interest rates
Reference rate

PRIBOR 1M

PRIBOR 3M

PRIBOR 6M

FRA 1X4

FRA 3X6

FRA 6X9

OS 2Y

OS 5Y

OS 10Y

Group

Test

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

T-5

T-4
+

+

0

63

1

10

+

2

2

–

3

11

–

0

63

1

10

0

63

1

10

+

+

T0

+

T2

(–)

+

T3

T4

–

+

+

–

–

–
+

(–)
–

–

–

–

+
–
–

(–)

(–)

–

–

+
(–)

–

–

+
+

+

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

–

0

63

+

1

10

–

2

2

3

11

T5

+
–

+

T1

+

2

2

+

–

11

11

T-1

–

(–)

3

3

+

T-2

–

2

2

T-3

(–)

(–)

–

(–)
–

–
–
–

+

+

(–)

–

+
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Reference rate

Group

Test

IRS 2Y

IRS 5Y

IRS 10Y

PX

PX GLOB

T-5

T-4

T-3

T-2

T-1

T0

T1

(–)

(–)

T2

T3

T4

–

–

T5

0

63

1

10

2

2

3

11

–

0

63

+

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

0

63

1

10

2

2

3

11

(–)

–

–
–

–

–

–
–

+

+

+

+
–

“+” Or “–” indicates that the response was statistically significant at the 5 % level (α = 0.05), and report the sign
of the parameter.
“( – )” Or “(+)” – is a clear response on the chart, which the author found that the null hypothesis should
be rejected by the test was, but because of the small sample size (<5) asked statistic p at the adopted level of
significance can not allowed.
Source: own research.

6. Summary
Summing up the researched effect of announcements on the market in Poland
and the UK it should be noted that financial markets are not fully efficient for infor‑
mation. It is worth noting, however, that transparency and credibility of the three
presented markets is presented by the market in the UK.
You can try to look for factors that indicate increased efficiency of the market
in the UK than in the other two countries. One of the reasons could be applicable
to only one method of the test events. The second reason can be greater number of
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actors involved in the market in the UK. In addition, the same research leading in the
longer term can be formulated more clearly or different conclusions can be drawn.
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1. Introduction
Towards the end of the first decade of the XXI century, Spain, just like many
countries around the world went through a severe financial crisis, preceded by a bub‑
ble on the real estate market and turmoil on the credit market. The nominal interest
rates on new mortgage loans reached as low levels as 3–4 % in the years 2003–2005,
which represented a radical decline from about 15 % in early 1990, while the average
maturity of mortgage loans in Spain increased from 10 to 28 years between 1990 and
2007 (Garcia‑Herrero and de Lis, 2008; Garriga, 2010). The property prices multi‑
plied by over 2 from the mid-1990s to 2004 and by 3 in the period 1995–2007. These
multipliers for the whole euro area altogether are significantly lower: 1.5 and 1.8,
respectively – the increase in property prices in Spain was significantly higher than,
for example, in the United States2. In fact, the cumulative growth of house prices in
Spain was among the highest in the OECD (Garriga, 2010; Salmon, 2010, pp. 39–52).
As research shows (Fernandez‑Kranz and Hon, 2006; Caruana, 2005), property prices‘
increase in Spain was far beyond the long‑term equilibrium, which makes it fulfil the
criteria for a bubble (Kim and Suh, 1993, pp. 73–87; Gallin, 2003).
Figure 1. House prices in Spain, the United Kingdom, and the euro area, 1995 = 1003
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Source: ECB, UK National Statistics.

Looking at the severance of the bubble in Spain, it seems necessary to pose
a question: what specific factors on the supply, demand, and policy side might have
contributed to the situation?

2

small.

As Garriga (2010) puts it, the housing boom in Spain makes the boom in the United States appear

3 1995 was chosen as the starting date of the chart because reference to house prices in 1995 is the
most common in literature.
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2. Monetary policy
The European Monetary Union has always consisted of separate, independent
states, with a different level of development. According to numerous studies from the
late 90’s. (Flaig and Wollmersgaeuser, 2007), mobility of labour in the countries about
to form the Eurozone was low, real wages – rigid downward, shocks – distributed
asymmetrically among countries, inflation – varied4, to a level not explainable by the
Balassa‑Samuelson effect5. These reasons posed significant risks to the introduction
of a single monetary policy regime: as suggested by Balcerowicz (2012) it could turn
out to be inadequate to a country’s fundamentals, either periodically (“temporal
aspect”, important for countries with business cycles imperfectly synchronized with
the “average” business cycle of the euro zone to which the European Central Bank’s
rate correspond6) or structurally (“structural aspect”, in countries with a different
natural interest rate level7). There is broad empirical research which focuses on dif‑
ferences between the ECB’s monetary policy and optimal monetary policy from the
perspective of respective countries.
4 For those reasons, EMU creation was a controversial concept from the economics’ perspective
since its beginnings. As argued by many, for example Charles Wyplosz (2006, pp. 207–261), it was led
by the political need, rather than well grounded in economic research. The whole process of eurozone
creation, traced back by Bień (1988) as far back as to the Treaty of Rome signed in 1957, rested on Ger‑
many’s willingness to give up the Deutsche Mark (Wyplosz, 2006, pp. 207–261) and, consequently, was
strongly influenced by particular political interests at each stage (Bień, 1998). On one hand, it can be
argued that that the optimal currency area theory was not entirely operational at the time of eurozone
creation, and varied creation criteria were favoured by different researchers (e.g. mobility of capital and
labour emphasized by Mundell (1961, pp. 657–665) strong trade within OCA favoured by McKinnon
(1963, pp. 717–725) diversification of the region’s economy emphasized by Kenen, 1969). However,
as argued by Wyplosz (2006, pp. 207–261), economic logic was clearly given lower priority than political
reasons in this process, as the basic criteria of OCA creation that most researches agree upon, such as
strong mobility of production factors and same inflation and output growth rates (Bień, 1998, p. 164),
were not fulfilled.
5 Significant differences in inflation among EU countries could only partially be explained by the
Balassa (1964, pp. 584–596) – Samuelson (1964, pp. 145–154) effect, that is the process of real convergence
of lower income countries within the currency area (significant productivity growth in the tradable sec‑
tor of these countries translating into higher real wages in both tradable and non‑tradable sectors and
consequent higher inflation). Recent empirical evidence suggests that the Balassa‑Samuelson effect does
not suffice as an explanation of persistent inflation in the EMU (Rogers, 2007, 785–796).
6 There was no wide consensus regarding whether national business cycles would become more
synchronized after the union creation (intensification of international trade could synchronize economic
activities, so optimality of a currency area could emerge after a monetary union launch in countries that
did not form one ex ante; Frankel and Rose, 1998) or less synchronized due to higher specialization in
the union and impact of sector specific shocks (Krugman, 1993).
7 Wicksell’s (1936) concept of an interest rate compatible with output being at its potential and
stationary growth.
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One of econometric analyses of inadequacy of the European Central Bank’s
monetary policy to the needs of euro zone countries is presented in a paper by Flaig
and Wollmersgaeuser (2007). As a measure of divergence tendencies in the euro
zone they used the stress (Clarida et al., 1998, pp. 1033–1067) – difference between
the Eurozone’s short‑term interest rate and the interest rate that would be adopted
by each country if it followed the “optimal monetary policy“, approximated by its
central bank’s policy in the pre‑euro era. They found that in the case of Germany
the stress indicator remained close to zero during the whole period (which implies
that the ECB continued the policy of the German Bundesbank for the whole euro
area8). At the same time, for most euro zone countries interest rates were too low in
the period of 1999–2005 by 1–2 percentage points. The ECB monetary policy was
especially expansionary for Greece, Spain, Italy, France, and Ireland before 2003
(figure 2).
Figure 2. Country‑specific stress for Eurozone member countries, 1999–2005

Source: Flaig and Wollmersgaeuser, 2007.
8 It is worth noting that this fact can be partly justified by Germany’s contribution to the euro area’s
economy: Germany’s GDP has ranged between 28 % and 33 % of euro area’s GDP (calculations based on
Eurostat’s data).

Demand, supply, and policy – trends on the real estate market in Spain in the period 2000–2008

97

A similar analysis devoted exclusively to Spain was performed by Arghyrou and
Gadea (2008, figure 3). They modelled Spanish monetary policy before the euro
‑accession (1980–1998), then forecasted the interest rates which the Bank of Spain
would have set after 1999 if it had been independent, and finally used the differences
between the forecast and actual ECB rates as a measure of compatibility between
the single monetary policy regime and fundamentals of the Spanish economy. They
found that after 1999 the Bank of Spain would have set nominal interest rates twice
as high as those set by the European Central Bank.
Arghyrou (2008, pp. 621–643) published a similar analysis devoted to Greece
and found that the ECB’s monetary policy also seemed too loose (and “incompatible
with the Greek economic conditions”). Hayo and Hofmann’s (2006, pp. 654–662)
research suggests that German interest rates would have been similar to those of the
ECB under a hypothetical Bundesbank regime after 1999.
Similar conclusions to those mentioned above can be drawn from a comparison
of the ECB monetary policy with the level of interest rates suggested for each euro
‑zone country by the Taylor rule. Caruana (2005) analysed the period of 2004–2005
and found that the ECB’s monetary policy was then expansionary for Spain and
Greece (figure 4).
Figure 3. Comparison between nominal interest rate set by the ECB and three models
of the Bank of Spain’s rate which would have been set if it had remained
autonomous and continued its policy from the period 1980–1998.
Two variants: panel (a) not taking into account credibility gains caused
by euro zone accession (b) with those included in the model
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Source: Arghyrou and Gadea, 2008.

Figure 4. Deviations of interest rates in the Eurozone from the Taylor rule
in 2004–2005. Weights of 1.5 (inflation’s deviation from target) and 0.5
(output gap), natural interest rate of 2 %, inflation target of 2 %, inflation
index excluding energy and unprocessed foods

Source: Caruana, 2005.
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Clearly, therefore, Spain seems to be an example of incompatibility between
the single monetary policy regime and a country’s macroeconomic fundamentals:
from Spain’s perspective, the ECB’s monetary policy was expansionary. As argued in
Karaś (2013, pp. 55–77), 2013 and demonstrated by a number of empirical analyses
(e.g. Jarociński, Smets, 2008, pp. 339–365; Taylor, 2010; Ahrend, Cournède, Price,
2008), loose monetary policy can contribute to the emergence of an asset price bub‑
ble, for example a bubble on a real estate market.

3. Demand factors on the Spanish property market
The factors that drove the demand on the Spanish real estate market in the previ‑
ous decade can be broadly classified according to two dimensions: the first division
separates fundamental demand factors from those related to the ease of financing
housing, while the second one separates policy from non‑policy factors.
Purely demand, non‑policy factors include demography, immigration, and cul‑
ture. Spain is a high owner‑occupation, low private rental country: only about 13 %
houses in Spain are privately rented9 (Maclennan, 2000). It experienced a giant inflow
of immigrants in the last decade: the significant increase in population (over 15 % of
growth between 2000 and 2011) was largely due to immigration. The net migration in
Spain in the period 2002–2007 amounted to 87–102 % of total population growth each
year, with Eastern Europe, Latin America and North Africa being the most important
contributors (Garriga, 2010). The share of the foreign‑born population in Spain was
as of 2011 as high as 14 %. The significant growth in population certainly increased
demand on the property market, but also affected the supply side (see later).
It is worth noting that the inflow of immigrants to Spain was not only driven by
the general economic growth of this country, which made it attractive for job‑seekers
from abroad. An important factor was also the growth of popularity of holiday
houses – due to the Mediterranean climate – especially among foreigners, such as
retired citizens of the UK and Northern Europe. It can be argued that this way – due
to the less favourable climate of the United Kingdom – this country contributed to
the Spanish real estate boom (Muellbauer, 2006). Holiday homes were also popular
among Spanish citizens, simultaneously because of the atmosphere of prosperity in
Spain (Garriga, 2010) and a wish to compensate for high density apartment living
in cities (Salmon, 2010).

9

According to Maclennan et al. (2000), those countries owe it to their social democratic heritage.
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Figure 5. Net migration in Spain as a percentage of total population growth,
2002–2010
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Source: Eurostat.

Figure 6. Immigration and emigration for Spain in absolute numbers, 2002–2010
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Two more issues related to demography are worth noting. Firstly, Spain – unlike
many other countries, e.g. Britain – experienced a baby boom in the 70’s. (figure 7,
Caruana, 2005; Garcia‑Herrero and de Lis, 2008), and that generation grew up and
started to move out of their parents‘ homes in the last decade. Secondly, Spanish
families’ are known for their traditional preference for home ownership (Caruana,
2005).
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Figure 7. Total fertility rate in Spain and the UK 1973–2009
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Source: Eurostat.

Based on the analysis above it seems that pure demand factors driving the boom,
such as demography and immigration, were relatively strong in Spain.
The second group of factors, purely demand policy‑related factors, include fiscal
policy related to housing. Intuitively, countries where tax treatment favours owner
‑occupied housing over tenant‑occupied (for example tax credits from which, natu‑
rally, only house owners can benefit) seem to have a larger proportion of citizens in
owner‑occupied housing (Garriga, 2010)10. An example if such a country clearly is
Spain, which offered its inhabitants tax credits available for 15 % of amortization and
interest payments on mortgage debt, subject to an annual maximum. By strengthen‑
ing the incentives of owning property, such a policy seems to have contributed to the
boom on the Spanish market: a model by Lopez‑Garcia (2004, pp. 29–52) predicts
home prices lower by between 11% and 21%11 had housing subsidies, implicit in the
personal income tax, eliminated.
The increased popularity of owning real estate among households would not
have created the boom without an adequate response from the banking sector. This

10 Such policy’s fairness is disputable, as renters usually are the young and poor households. This is
why Beynet et al. (2011) suggest replacing subsidizing ownership with targeted cash‑transfers as a housing
support for low‑income households, especially that then demographic characteristics of the household
could be taken into account.
11 Those numbers come from the version of the model with exogenous land prices. If land prices
had also been estimated by the model, the difference would have been higher.
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is why the next issues driving the boom on the real estate market relate to the easy
access to financing which Spanish society enjoyed in the previous decade.
The first group are policy‑related factors related to the ease of receiving credit.
The first factor here is the low central banks‘ interest rate, which has already been
mentioned previously. The EMU accession increased the credibility of Spain and other
peripheral economies, brought a consequent fall in the country risk premia (spreads
between government bond yields of euro area countries narrowed to very low levels;
Bini Smaghi, 2011) and a sharp decline of real interest rates, which remained below 0
most of the time between 1999 and 2007 (figures 8 and 9).
Figure 8. Policy rates set by the ECB in the period 1999–2012
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Figure 9. Ex‑post real interest rates in Spain
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The general confidence in the future deepening of the EU single market, as well as
in structural reforms to be adopted in peripheral countries, brought the expectation
that their competitiveness and GDP growth should increase. This belief was shared
by the financial markets, companies, and households. Financial markets were eager
to lend to corporates and companies were eager to borrow, both groups expecting
high ROI. Households were interested in both increased consumption and housing
loans, aiming for an increase in their living standards and believing in the apprecia‑
tion of houses in the future (McQuinn and O’Reilly, 2007). Those mechanisms led to
a general boom in the Spanish economy. At the same time, the increased credibility
of Spain and low short‑term interest rates made it easy for banks to obtain financing
on wholesale money markets.
Figure 10. Inflation (HICP) in Spain
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Another factor are the developments of the market of credit instruments them‑
selves. In Spain, no significant number of subprime loans was advanced (Salmon,
2010), and securitization was relatively limited there. The main reason for that
was the conservative regulation of banks – ever since 2004, asset‑backed securities
transferred to SPV de facto still remained on their owners‘ balance sheets as only the
consolidated balance sheets were assessed by supervisors. However, the vast major‑
ity (over 80 %) of Spanish homeowners used adjustable rate mortgages (ARMs) to
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finance the purchase of a house12, which made it easier to transfer the interest rate
risk on customers (figure 11).
Figure 11. Mortgage product interest variability

Source: Lea, 2010.

A factor affecting the boom which differentiates Spain from a number of different
countries is the fact, that – having noticed the lending boom – the Bank of Spain intro‑
duced in 2000 the dynamic provisioning system which in practice penalized credit
growth and could today be called a macro‑prudential tool. It was adopted despite
strong criticism from the Spanish banks who described it as worsening their position
against foreign competitors (Garcia‑Herrero and de Lis, 2009). The two objectives of
dynamic provisions were (Fernandez de Lis and Garcia‑Herrero, 2010):
• to slow down the credit growth by increasing the cost (in terms of provisioning
effort) of granting new loans,
• to protect Spanish banks from future losses which are a natural consequence of
the relaxation of lending standards during a boom.
The provisioning system after 2000 was to be based on three types of provisions:
specific and generic (both existed before) and statistical (the new component). The
12

98 % according to Garcia‑Herrero and de Lis (2008).
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first kind depended on current bad loans, the second was equal to 1% of the credit
stock, and the third depended on credit growth and was designed to offset specific
provisions (pro‑cyclical since there are few non‑performing loans during a boom;
Fernandez de Lis and Garcia‑Herrero, 2010).
In the new provisioning system, bank assets were classified according to risk
categories and assigned parameters, with a standard (with parameters ranking from
0 % for public sector debt to 1.5 % for credit card lending and current account over‑
drafts) or internally‑developed method (subject to supervisory evaluation). Statistical
provisions were then charged on a quarterly basis. They could be either positive or
negative, depending on credit growth (with a positive coefficient) and contemporary
bad loans (with a negative coefficient). Accumulated statistical provisions generated
a fund, with an upper limit of 3 times the adequate coefficient times the exposure
(Garcia‑Herrero and de Lis, 2009).
What is interesting to note is that the dynamic provisioning system was changed
in 2004 – for a couple of reasons. The first one was the criticism from standard‑setters
of international accounting rules. They argued statistic provision was against the “fair
value” principles of International Financial Reporting Standards and allowed profit
smoothing along the cycle, masking the real situation of the banks. The second one
was the significant increase of the sum of statistical provisions as the boom contin‑
ued. Total provisions reached 2.5 % of credit (with specific provisions reaching only
0.5 % of credit), and the coverage of provisions over bad debt reached nearly 500 %
(Fernandez de Lis and Garcia‑Herrero, 2010). Those numbers were widely considered
as too high, especially by the banks which again argued that the statistical provisions
posed a disadvantage against competitors from abroad (Garcia‑Herrero and de Lis,
2009, Fernandez de Lis and Garcia‑Herrero, 2010).
The Bank of Spain responded to these arguments by merging statistic provisions
with the generic provisions. The new generic provisions were counted using the fol‑
lowing formula:
generic provision = α Δ credit + β credit – specific provision
where α and β values are presented in the table 2. The upper limit of the Fund of
the new generic provisions was reduced to between 0.33 and 1.25 times α times the
exposure (Garcia‑Herrero and de Lis, 2009).
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Table 2. Coefficients applied to dynamic provisioning after the reform in 2004 (in %)
Type of risk

α

β

No apparent risk

0

0

Low risk

0.6

0.11

Low‑medium risk

1.5

0.44

Medium risk

1.8

0.65

Medium‑high risk

2

1.1

High risk

2.5

1.64

Source: Fernandez de Lis and Garcia‑Herrero, 2010.

After the reform (especially as a consequence of the change of the upper limit
of provisions) the ratio of provisions to credit decreased, from 2.5 % in 2004 to 2.2 %
in 2007.
It is interesting to note that after the introduction of dynamic provisioning in
2000 the growth of credit stabilized around 15 %, and then slightly decreased, which
might have been – at least to a certain extent – due to both the provisions and the
burst of the dot‑com bubble. However, after 2004 – which coincided with the change
in the provisioning system – credit accelerated sharply and reached rates of growth
above 25 % in 2006 (figure 12).
Figure 12. GDP growth (in light grey) and credit growth (in dark grey) in Spain,
1991–2009

Source: Fernandez de Lis and Garcia‑Herrero, 2010.
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Supply’s reaction on the Spanish property market
A couple of factors which drove the supply side of the real estate market in Spain
should be noted.
The first one was the liberalization of constructible land in 1998 and 2003, which
resulted in a 28 % increase in the availability of land for construction (Garriga, 2010).
As before, land which was not zoned for housing could be bought at a fairly low price.
After the liberalization, this land could be easily transformed into constructible land
via an administrative process. Already filing the application for the transformation pushed
the land prices forward, let alone successful application. This is why it became popular
to buy land, apply, and resell it at a substantial profit or develop real estate. This legal
opportunity drove land prices13, and generated profits for land owners, local authorities14,
and corrupted individuals involved in the approval process (Salmon, 2010).
The second was the big reservoir of relatively low‑cost labour, being both the
unemployed (as the level of unemployment in Spain never fell below 8% of the active
population; Salmon, 2010) and the immigrants, that could be employed by this sec‑
tor (Garriga, 2010). As a result, employment in the construction industry rose from
1.2 million in 1996 (9.2 % of the labour force) to 2.7 million (13.3 % of the labour
force) in 2007. Consequently in 2007 there were almost as many people employed in
construction alone (excluding related activities) as there were in the whole industrial
sector (Salmon, 2010).
It should be emphasized, however, that clearly the Spanish housing boom was
demand‑driven. Despite the strong reaction on the supply’s side, the real estate prices
had grown explosively. As a result of increased supply of the two essential production
factors, housing supply in Spain was able to grow very fast.
13 It might seem that counterintuitive that a liberalization led to a price increase. However, let us
consider the following example:
There is a small country with 1000 km2 of empty land, 500 km2 constructible and 500 km2 non‑con‑
structible. Constructible land is of higher value because it provides its owner with possibilities of making
a high profit, for example via developing a block of flats and selling it. Let us, therefore, assume a price of
km2 of constructible land to be as high as 1000 monetary units, while a km2 of non‑constructible land is
worth 200 monetary units. Then the law becomes liberalized and it is possible to transfer non‑constructible
land into constructible via an administrative process. Some people decide to buy non‑constructible land
and apply for a change of its properties. In the first round, 100 km2 is transferred. There is now 600 km2
of constructible land and 400 km2 of non‑constructible land available. The price of the initial 500 km2 of
constructible land decreases. The price of the left 400 km2 of non‑constructible land increases. The price
of the 100 km2 jumps from 200 units per km2 to slightly less than 1000 units per km2. As the two markets
(of constructible and non‑constructible land) slowly become one, the prices of the first type decrease and
of the second type increase until they reach a new equilibrium.
14 Their sources of income include taxes on property and property development – Property Tax, Tax
on Buildings and Building Works, Tax on Increased Urban Land Value. Those together nearly reached
50 % of their adjusted income (reduced by transfers and money markets) in 2005.
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4. Bust in Spain
Slowdown on the Spanish real estate market started at the beginning of 2007 and
intensified after the burst of the asset bubble in the United States in the summer of
the same year. Garcia‑Herrero and de Lis (2008) mention two important channels
of contagion from the US to the rest of the world:
• funding liquidity dry‑up and the closure of the wholesale money markets,
• direct exposure to subprime losses (negligible in the case of Spain, where sub‑
prime credits were not granted on a large scale and banks had not looked for
investment opportunities abroad).
As a consequence, in February 2007, the number of new house mortgages granted
in Spain was down by nearly 4 %, in May – by 6 %, and in October – by 12 %, compared
to the previous year. The pace of decline accelerated in 2008, with a 29 % drop in May
2008 compared to May 2006, and a 42 % decline in October 2008 compared to October
2006. In January 2009, the sum of mortgages granted fell by 58 % from the equivalent
number in January 2007 – and then stabilized (Salmon, 2010, figure 13).
Figure 13. Number of new urban house mortgages granted, Spain, 2007–2010

Source: Salmon, 2010.
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As a consequence of the liquidity crisis, decrease in lending, fall in the value of
the banks’ assets (both real estate and equity holdings), and increased level of bad
debts, the central bank had to intervene to support banks.
In Spain cajas (“credit institutions with foundational origins and social objec‑
tives” with public representation in their governing bodies; Catalán and Moretti,
2006) made up a half of the banking system. As the crisis hit, the Bank of Spain had
to support two of them: it provided Caja de Ahorros de Castilla‑La Mancha with
temporary liquidity support in early 2009 and took into administration the Córdoba
based ‘CajaSur’ in mid-2010. On the other hand, the soundest bank in the EU accord‑
ing to stress tests organized by the Committee of European Banking Supervisors
(CEBS, now the European Banking Authority) in July 2010 was the Spanish Banca
March (CEBS, 2010).

5. Conclusions
The bubble which appeared on the Spanish real estate market in the early 2000s
was influenced by a number of factors on the demand (demography, immigration,
cultural factors, fiscal policy related to housing, credit market structure and regula‑
tions), supply (land regulations, immigration), and monetary policy side. In further
research the relative strength of each of the factors should be evaluated in detail.
In particular, in the light of discussion on macro‑prudential tools introduction
in developed economies (in the case of the EU introduced in 2014 by the Capital
Requirements Directive IV) it is worth verifying how the dynamic provisioning
introduction and reform influenced the market.
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