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Each human activity requires decision making and it is connected with risk.
Therefore the methodology supporting decision processes and risk control has been
developed in many fields including economics. This methodology bases on
quantitative methods that let us to employ mathematical theories and models to
describe the objects and phenomena or solve the problems regarding socio —
economic matters.

The main problem that appears in socio - economic research is the
measurement of the properties that characterize the analyzed objects, phenomena
and relations since many of them cannot be directly measured or even observed.
The process of measurement is central to quantitative research because it provides
the fundamental connection between empirical observation and mathematical
expression of quantitative relationships. Another important question is to apply the
method that is adequate to:

o the aim of investigation,
o the problem that is to be solved, and
o the type of measurements that is used.

The minimization of risk and decision optimization need proper
information. According to the progress in computer science and globalization
process, huge data bases are available for decision-makers. That requires the
development of adequate tools to process the data and to extract from them
necessary information during the period of time that is short enough to choose the
right decision. Therefore it is extremely important to explore issues and discuss
problems of application statistic, econometric and other mathematical methods to
solve properly defined problems in economics and finance, considering micro,
mezzo and macro scales.

The papers that are presented in this issue of Metody Ilosciowe w
Badaniach Ekonomicznych discuss both theoretical questions and application of
already known methodology to solve problems from practice.

Dorota Witkowska
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LONG-TERM MACROECONOMETRIC MODEL FOR THE
POLISH ECONOMY

Wiadystaw Welfe
Katedra Modeli i Prognoz Ekonometrycznych, Uniwersytet £.odzki
e-mail: emfiws@uni.lodz.pl

Abstract: Development of market economies towards economies based on
knowledge implies the construction of new long-term macroeconometric
models. The structure and use of the long-term W8D model for Poland was
shown. This is a complete model that explains production and the factors its
growth including R&D and human capital and also final demand allowing for
studies of potential disequilibria. It is closed by equations explaining prices,
wages and financial flows. The simulation version is includes 235 equations,
of which 111 are stochastic. It is used in long-term growth scenarios up to the
year 2030.

Keywords: Knowledge Capital, R&D, Human Capital, Macromodelling,
Multipliers, Scenarios
JEL C51, C52, E17, E22, 011, 040,047

INTRODUCTION

Over the last years the economics community agreed that the contemporary
market economies tend towards knowledge-based economies. This concept has
been formulated in contrast to an industrial economy system that prevailed in the
last centuries (Smith [2002]).

There is vast literature based on theories of endogenous growth aimed to
explain — at the world-wide level — the differences in the rates of growth of
particular countries. It is based on an analysis of international cross-section data. Its
non-technical excellent summary can be found in Helpman [2004]. The
applications of the results of this research to studies of economic growth of single
economies are rather exceptional, except for the US economy. (see Jorgenson et al.
[2003] and Richards [2000]) and for Polish economy (see Welfe, ed. [2001],
[2009a]). It has a practical aspect: the authorities and the scientific community of
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a country need to have an instrument that will help to construct scenarios of long-
term economic growth for 20-30 years ahead.

Nearly all these studies were concentrated on the supply side analyzing
factors of growth and the resulting potential output. It may, however, considerably
diverge from effective output which represents realizations of final demand,
underlying business cycle fluctuations. Hence, to be used in empirical analysis and
simulation exercises we need to construct a complete model that contains both the
final demand and the total supplies. That makes possible to estimate the likely
diseauilibria: output gap, unemployment, foreign trade deficits etc. The model
should be closed by introduction price, wage and financial flows sector (W. Welfe
[2008a]).

We tried to show the suggested structure of such models using as an example
the annual long-term macroeconometric models W8D built for the Polish economy.
Their characteristic is provided in the following section. Next sections contain
discussions of properties of alternative measures of major determinants of
economic growth, the alternative approaches to their explanation showing the
interdependencies within the whole economic system'. The role of investment in
fixed capital and knowledge capital is discussed in the light of multiplier analysis.
The applications in scenario analyses based on model simulations are provided at
the end of the paper.

THE MACROECONOMETRIC MODELS OF A KNOWLEDGE-BASED
ECONOMY

The quantitative mechanisms that underlie the growth of a knowledge-based
economy can be described empirically by means of adequately expanded
macroeconometric models (see: Garratt et al [2006]). Such models should draw on
economic growth theory which has been enjoying its renaissance, and especially on
the endogenous growth theory (see Grossman, Helpman [1991], Barro, Sala-i-
Martin [1995], Aghion, Howitt [1999], and more recently Nahuis [2003], Tokarski,
[2001, 2007]).

The long-term macroeconometric models built along these lines, extended to
include processes in which knowledge capital is generated and used, seem to be the
most relevant tools of long-term economic analysis. Their structure may follow the
framework of the mainstream models outlined by Klein et al. [1999].

These models specify the final demand equations along the neo-Keynesian
lines, but the potential output and demand for the factors of production, as well as
impacts of technological progress they generate referring to the neoclassical theory
of production (Solow, [1957]). This approach draws on the early theories of growth
developed by Harrod and Domar and on the concept of models of production

! For a comprehensive discussion see Welfe, ed. [2007].
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possibility frontier that have recently been developed by Jorgenson [2000]. The
stylized empirical model of growth by W. Welfe [2005] follows a similar approach.

Empirical investigations in Poland referring to the above developments draw
on the concept of an empirical model of economic growth developed by Welfe
[2000]. This concept gave rise to the building of the long-term macroeconometric
models of the Polish economy W8D (see Welfe ed. [2001]), [2004] and recently
WS8D 2007 [2009a).

The new model is a complete structure. Its quantitative description is shown
in table 1. It is one sectoral, medium size model. Its simulation version comprises
several blocks of equations, traditionally following the familiar classification of
economic activities. The blocks explain: a) final demand, including exports and
imports, b) the supply side, including potential output, and the primary factors of
production, c¢) impact of technological progress (TFP), d) prices, wages and
financial flows.

Many well known economic interrelationships are established within and
between the above blocks. The role of investment as a factor determining an
increase in potential output as well as in final demand is especially emphasized. It
offers the possibility of studying potential business cycle fluctuations.

Table 1. Major characteristics of the model W8D-2007

. The number of . The number of
Characteristics . . Characteristics . )
variables/equations variables/equations

Variables total: 393 Endogenous variables:

— excluding dummies 258 — presimultaneous 24

— exogenous (E) 157 — jointly determined 80

— excluding dummies 22 — post simulataneous 131

—endogenous 235 Equations by blocks:

Equations — total 235 — final demand-total 64

— stochastic (B) 111 — production factors 17

— identities (I) 124 — technical progress 40

Lags, leads — potential output 7
— average wages and

— maximal lag 8 incomes, prices and 48
deflators

— lags total (L) 165 — financial flows 48

Feedback variables: 7 — macrocharacteristics 11

Source: own elaboration

Hence, we shall constrain the further discussion to the specification of
investment and production functions playing the central role in the functionimg of
the model. For the specification of remaining equations see W.Welfe [2008b].
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SPECIFICATION OF INVESTMENT FUNCTION

The investment function explaining demand for investment goods covers the
investment in fixed capital. The specification of private enterprises’ demand for
investment goods starts with an accelerator. To put it simply, producer capacities
expand in the long run following expected increase in the demand for products the
producers can provide. This increase creates, allowing for restitution demand the
potential demand for investment goods. It has to be adjusted for a likely change of
the level of utilization of the available equipment. The perception of investment
risks, changes in the profitability of investment projects and substitution between
labour and capital has also an effect on the effective demand.

The expected future output is typically represented by output generated in
the past. As for machinery and equipment, the Koyck transformation leading to
areduced form of the investment demand function can be used, where the

explanatory variables are being confined to lagged investment (J, ) and current
output X, (see W. Welfe, A. Welfe [2004]). The rate of capacity utilization (WX,)

may be obtained using several approximations. The investment risk RJ, can be

approximated using various indicators, such as government deficit, government
debt service, or a rate of inflation. The profitability of investment projects is

usually expressed by a ratio of producer prices (PX,) and user costs K/, the latter
predominantly depending on the long-term interest rate RL,. The rate of wages

(WBP) and investment deflator (P.J,) stands for the effects of substitution. Hence,

a typical specification of the investment demand function is as follows:
J, = AJX“WX“RJ™(PX,/KI )* (WBP | PJV,)" " (1)

where: KI, = PJ, (RL[ +0 ), PJ, is an investment deflator, RL, is real long-term

interest rate; WX, is capacity utilisation rate, & is the rate of depreciation.

In the W8D model the following elasticities were obtained: with respect to
the output — long-run 1, but short-run 2, and with respect to the capacity utilization:
long run 1.1.

THE EXTENDED PRODUCTION FUNCTION

Analysis of the production process implies the use of the production
function. Following many authors, we recommend the double-log production
function, i.e. a Cobb-Douglas function with constant returns to scale in its extended
version:

X =BAK N “e" )
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where: X" is potential output (GDP at the macroscale) in constant prices, 4 is

t

total factor productivity (TFP), K, is fixed capital, in constant prices, N, is

t
employment.
Estimating the function’s parameters for a market economy is not a
straightforward exercise, because observations represent effective output, i.e. the

realization of the final demand X, and not potential output, and most frequently

X, < X . Therefore, changes in the rate of utilization of production potential must

be addressed. In most cases, they originate from changes in final demand, i.e. from
the business cycle fluctuations. The rate of capacity utilization is defined as

WX, =X,/ X" 3)

Allowing for the rate of utilization, we can redefine the production function
(2) into:

X, =BWX AK N "e" )

To estimate the parameters of the above function, we need information on
the rate of capacity utilization and total factor productivity. Several methods of
estimating the rate of utilization are used: industrial surveys that ask direct
questions about the level of utilization of machinery and equipment, as well as time
worked (Grzegda-Latocha [2005]). Central banks use techniques involving analysis
of the deviations from a GDP trend. Other procedures use the decomposition of the
rate of utilization of fixed capital and employment (see W. Welfe [1992]).

THE DYNAMICS OF THE TOTAL FACTOR PRODUCTIVITY

Following the concept of Solow residual (Solow [1957]), total factor
productivity is commonly used to represent the effects of knowledge capital
absorption and widely applied to international comparisons. However, some
measurement problems that constrain its use have not been solved yet (W.Welfe,
[2002, 2007], J.Cornwall, W.Cornwall, [2002]).

Firstly, TFP is computed using effective (i.e. observable) output and not
potential output. Secondly, several studies, mainly sectoral, use the concept of
gross output instead of value added. Further, output elasticities with respect to
fixed capital are frequently calibrated and not estimated. All these issues are
discussed in the literature; their summary can be found in W. Welfe [2002].

The tradition of modelling the TFP growth factors is quite short and many
questions still await their answers. A frequently suggested way of explaining TFP
dynamics is a decomposition of TFP changes into the effects of the free available
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capital of knowledge (4" ), the impacts of expanding knowledge capital embodied

in fixed capital ( A" ) and increasing human capital ( A" ). Taking the production
function (2), we have:

A=A"+aA +(1-a) A", 5)
where (“) is the rate of growth
The effects of generally available knowledge capital (A4, ) are either treated

as exogenous (usually as an exponential function of time) or attributed to the
growth of knowledge capital associated with improving quality of employment.

In the past the effects of expanding knowledge capital embodied in fixed
capital were treated as functions of time. Recently, following the mass
computerization of production and management processes, decomposition of fixed
capital into computers, computer programs and tele-equipment has been suggested.
This approach was used in studies exploring the growth of the US economy
(Jorgenson, [2001], Jorgenson, Ho, Stiroh, [2003]), and then in research on the
OECD countries (Colecchia, Schreyer, [2002]) and the Netherlands (Leeuwen,
Wiel, [2003]). It means, however, the removal of computerization effects from the
notion of TFP.

When the starting point is decomposition as given by (5), the impact of TFP

embodied in fixed assets (A4 ) can be related, to the anticipated effects of past

R&D expenditures. The cumulative R&D expenditures (R&D capital)- both
domestic (BR") and foreign, transferred from abroad ( BR") — are assumed to

represent the capital of technical and organizational knowledge (Coe, Helpman,
[1995)).

The direct and indirect channels through which R&D is transferred from
abroad are distinguished. The expanding systems of telephone lines, closer
technological proximity, more frequent use of patents, etc., stimulate the direct
transfer of R&D (Lee, [2005]), whereas imports of commodities, represent its
indirect transfer (Xu, Wang. [1999]). The indirect transfer of knowledge can be
summarized by computing the weighted sum of R&D expenditures incurred by the
distinguished country j:

M _ K
BR —Zf:ijRtj , (6)

where w, represents a weight assigned to R&D expenditures of the country ;.

The weights can stand for particular countries’ shares in the total imports of
the analyzed country, or rather for the ratios of imports from these countries (i.e.
their exports) to their GDPs (Lichtenberg, van Pottelsberghe [1998]). The weights
can be linked with the imports of intermediate goods (transfer of technology), with
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the imports of investment goods (transfer of new machines, etc.), which seems a
better approach (Bayoumi et al., [1999]), or with total imports, when their
decomposition is not possible. This approach was used in earlier versions of W8D
models for the Polish economy. However, in the most recent version of the model
the imports were decomposed into groups of commodities that differ by the level of
technological advancement (W. Welfe [2008b]).

In the last 15 years, the discussed research has been given international
dimension. Its scope includes now not only the industrialized countries, but also the
developing ones (Engelbrecht, [1997], Bayoumi et al. [1999]). However, the role of
FDI in stimulating TFP dynamics continuous to be debatable. It seems also
necessary to explore further the impact of domestic R&D expenditures and human
capital on the rate of absorption of the transferred foreign capital of knowledge
(Cincera, Pottelsberghe [2001]).

The above relationships are multiplicative. Hence, the first approximation
we can write is:

InA" = InBR" + f,yInBR", (7)
where ¥ is a weight representing the share of imports, i.e. the degree of openness

of the economy.

In the model W8D 2007 for Poland the elasticities w.r. to domestic R&D
capital were close to 0,3, which is in line with the results reported by other authors
for industrialized countries, whereas w.r. to foreign R&D capital they exceeded
0,6, which was found characteristic for less developed countries.

EFFECTS OF INCREASING HUMAN CAPITAL

Earlier investigations evaluating the impacts of expanding human capital on
economic growth produced inconclusive results. The main reason was that they
used inconsistent data on the schooling years.

In general, the scope of human capital varies in terms of its coverage. The
narrow definition, most frequently used in empirical research, accentuates the
differences between the levels of employees’ education. The broad version allows
for the impacts of learning by doing, health status, etc. (see Benabou [2002]). In
either case, the measurement problems need an adequate solution. Unfortunately, many
international projects use simplified measures of human capital, i.e. shares of
employees with tertiary education, or with secondary and tertiary education etc. This
situation has improved in the last years, as more adequate information on the number
of schooling years has become available (Fuente, [2004]). Notwithstanding, only
few researchers take advantage of the newly developed summary characteristics of
human capital per employee.

These characteristics of human capital (/,) are designed as the weighted
sums of employees with different educational levels i :
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Ht :ZluiNit’ (8)

where i is the level of education and #, is a weight.

The weights may represent:

a) an average number of schooling years, b) average unit costs of schooling;
¢) average wages per employee with educational level 7. In most cases, the weights
represent the number of schooling years. However, the third approach, where the
weights reflect the market efficiency of the level of education, seems to be the most
appropriate, treating human capital as a factor of production (W. Welfe et. al.
[2002]). It was used in all W8D models of the Polish economy. It is worthwile to
note that the elasticity of TFP w.r. to human capital per employee exceeded 1.

Human capital per employee is obtained by dividing total human capital by
the total number of employees:

h =H, N, 9)

Seeking relationships between investments in human capital and educational
expenditure is a difficult task. To make this search effective, a submodel describing
the educational process and related expenditures has been built (see Welfe et. al.
[2002]).

THE MULTIPLIERS AND SCENARIOS

The simulation version of the model was used to support the medium and
long-term forecasting and scenario analyses extended to the year 2030. The
properties of the model were analysed by means of multiplier analysis that revealed
the major economic mechanisms. We shall concentrate here on ex-ante multipliers
analysing the impact of 10% shocks in one most important

variable only: investment in fixed capital being due to foreign financing (say
EU transfers, FDI) (Fig. 2.). The figures will be shown respectively for the major
macro variables: household consumption (C), investment in fixed capital (J),
exports ( E), imports (M ), GDP (X ), potential GDP ( XNK )*.

We constructed a long-term forecast to the year 2030 first. The multipliers
were calculated by means of models’ simulation, using this baseline forecast.
Impuls and sustained multipliers were computed.

The impuls multipliers show a decline, which approaches zero in 5-8 years,
except for potential output that starts declining in 5-6 years. The sustained
multipliers present an interesting picture. Initially, because of the accelerator the
investments grow from 15% to 35% after 6 years.

Then they decline because of declining capacity utilization and stabilize
around 20%. Consumption follows this pattern with a considerable delay. As
imports substantially grow the GDP increase is lagged attaining its maximum in 10

% For the detailed information see Welfe ed. [2009b].
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years. For the midpoint of the period the elasticity of GDP w.r. to investment is
close to 1. Notice that the potential GDP increases with a longer lag, but stabilizes
at nearly 20%.

Fig. 1. 10% increase in investment outlays
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Hence, there is a long-run tendency for a decline in capacity utilization,
which negatively affects the investment growth. However, it would not be justified
to conclude that the model predicts overinvestment, as we did not allow for any
relevant increase in exports.

Table 2. Assumptions of for the scenarios of economic development up to the year 2030.

Macrovariables 2010 2015 [2020 [2025 [2030
Scenarios

Investment GDP rate In % c.p.

optimistic 26.5 35.0 |38.0 |35.0 |[35.0
forecast 239 334 {329 |31.3 |31.0
pessimistic 22.0 ]20.0 [18.0 |18.0 [18.0
FDI GDP rate In % c.p.

optimistic 4.2 4.0 4.0 3.5 3.0
forecast 3.1 2.8 2.1 1.5 1.1
pessimistic 0.4 1.4 1.3 0.8 0.7
Transfers net from UE in % GDP c.p.

optimistic 3.5 32 3.0 2.8 2.8
forecast 3.5 3.2 3.0 2.8 2.8
pessimistic 3.5 3.2 3.0 2.8 2.8
Exports SNA rate of growth in %

optimistic 10.0 |12.0 |9.0 9.0 9.0
forecast 7.5 11.2 |52 7.3 4.0
pessimistic 5.0 5.0 4.5 4.0 4.0
Expenditures on education GDP ratio in % c.p.

optimistic 5.0 4.8 4.7 4.7 4.8
forecast 4.5 43 4.2 4.0 4.0
pessimistic 3.8 3.5 3.1 2.7 2.5
R&D expenditures GDP ratio in % c.p.

optimistic 1.00 |2.00 |2.60 |[2.80 |3.2
forecast 0.79 |1.15 |2.00 |2.00 |2.00
pessimistic 0.76 10.75 ]0.65 ]0.60 ]0.50
Increase of elasticity of absorbtion of foreign R&D

optimistic 40 60 80 100 100
forecast 20 30 40 50 60
pessimistic 0 0 0 0 0

Source: own inwestigation

The multiplier analysis helped to launch a new series of long-term forecasts
and scenario analyses underpinned by the model-based simulations. We
distinguished two scenarios only. In the optimistic variant we assumed high long-
run increase in fixed capital and in domestic R&D expenditures, better absorption
of transferred foreign expenditures on R&D, and growth of human capital
stimulated by larger financial allocations to the tertiary and post-graduate
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education. In the pessimistic variant- the deterioration of these factors was
assumed. The specific assumptions are shown in table 2.

The outcome of the simulations for the period up to the year 2030 is
demonstrated in figures 2—5. They show the impacts of the above assumptions on
the major macrovariables’

The optimistic scenario generates very high rates of growth of GDP —
initially up to 8% and then going down to 5-6% at the end of simulation period.
The deviations from the baseline forecast are substantial: from 12% in 2013 up to
above 50% in 2030.

The above high rates of growth are mainly due to assumed increase in
investment expenditures (fig. 3.) They reveal a cyclical behaviour. They initially
grow up to 17%, then they decline to 5% in 2025. These expenditures will be
higher than forecasted by 22% already in 2013, but twice as high in 2030. Taking
into account the indirect impact of investment growth the domestic final demand
would exceed the baseline forecast by 14% in 2013 and by 40% in 2030.

On the supply side the high rates of growth of potential GDP are noticed,
considerably exceeding the forecast (fig.4). They oscillate around 8% being higher
than those for effective GDP. Hence, the capacity utilization has a declining
tendency, negatively affecting the investment growth. In total, potential GDP is
higher by 50% than forecasted by the end of period.

Despite the impact of rising investment the TFP growth plays a significant
role (fig. 5). Its rates of growth come up from 2,8% to 3,4% at the end of period.
This is due to assumed rising domestic R&D capital and growing efficiency in the
absorbtion of foreign R&D capital. The rate of growth of employment is declining
because of the high increase in labour productivity. The unemployment rates
decline to 6%.

Turning now to pessimistic scenario, where low levels of investment in fixed
capital and knowledge capital were assumed — the rates of growth would be
initially negative (—2%) (fig. 2). The recession would be over in 7 years. The rates
of growth would reach 2% in 2025 only, and 4% in 2030 owing to the results of
recovery. Hence, the GDP level would by lower by ca 50% than the forecast by the
end of simulation period.

This result is mainly due to assumed decline in investment activities, initially
by —5% (fig. 3). In the middle of the period they would raise to 2% and only in the
last 5 years up to 5%. Nevertheless, in that period they would be lower than
forecasted by 60-70%. The level of consumption stagnates. Hence, the domestic final
demand after an initial decline by 2%, would show an increase by the end of period.

Potential GDP shows all the time positive rates of growth, however not
exceeding 1% (fig 4). This is mainly because of the declining rates of growth of
fixed capital. The labour productivity rates of growth are low, but sufficient to

3 Because of the limited space, the tables presenting the results of all simulations are
available only in the monograph W. Welfe (ed.) [2009b].
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sustain a systematic decline of employment. Hence, the unemployment rates rise
dramatically from 10% to nearly 20% in the last years of simulation period.

Figure 5.The TFP rates of growth are declining being the results of low R&D expenditures

Fig. 2. GDP, % rates of growth (left axis) and % deviations from the Fig. 3. Investment outlays, % rates of growth (left axis) and %
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FINAL COMMENTS

The simulation analyses open the floor for constructing many alternative
scenarios, that would take into account the factors of development other than
investment in fixed capital and knowledge capital. However, the advantage the
presented framework has is that it allows showing a clear distinction between the
factors of growth and the results of the simulations excercise.
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Dlugookresowy model makroekonometryczny gospodarki polskiej.

Streszczenie: Rozwoj wspodlczesnych gospodarek rynkowych w kierunku
gospodarek opartych na wiedzy implikuje konieczno$¢ budowy nowych
dlugookresowych modeli makroekonometrycznych. Jako przyklad pokazano
strukture i wykorzystanie dtugookresowego W8 modelu dla Polski. Model
ten jest kompletny, objasnia zarowno produkcje, jak i czynniki jej wzrostu,
uwzgledniajac naktady na B+R i kapitat ludzki, a takze popyt finalny, co
uniemozliwia wykazywanie potencjalnych zrodet nieréwnowagi. Model
zamykaja rownania cen i plac oraz objasniajace przeplywy finansowe.
Symulacyjna wersja modelu zawiera 235 réwnan, w tym 111
stochastycznych. Model jest uzywany w budowie dhigookresowych
scenariuszy rozwoju Polski do 2030r.

Stowa Kkluczowe: kapital wiedzy, naktady na B+R, kapital ludzki,
makromodelowanie, mnozniki, scenariusze
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Streszczenie: The author considers in the article estimation of the technical
efficiency, which measures the ability of the company to obtain the maxi-
mum output from given inputs or to use the minimum input to achieve given
outputs. The comparison of two approaches: deterministic (on the example of
Data Envelopment Analysis) and stochastic (on the example of Stochastic
Frontier Approach) has been carried out, the advantages and disadvantages of
both were also described. These methods were chosen because they have be-
come popular in polish research. In the article the possible limitations and
problems, which may influence results of studies conducted by using these
methods, were considered.

Keywords: efficiency measuring, Stochastic Frontier Approach, Data Envel-
opment Analysis, Decision Making Units

INTRODUCTION

The empirical applications of efficiency analysis were conducted in such
sectors like: accounting, advertising, auditing and law firms, airports, air transport,
bank branches, bankruptcy prediction, community and rural health care, dentistry,
education, electricity, environment, fishing, forestry, hospitals, hotels, macroeco-
nomics, military, rail transport, sport, tax administration, water distribution etc.
[Fried et al. 2008, p 16]. The DEA (Data Envelopment Analysis) and SFA (Sto-
chastic Frontier Approach) are the main methods commonly used to estimate effi-
ciency of a DMU — Decision Making Units (commercial entities that produce tan-
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gible goods and services that are sold in the market place, enterprise involved in
delivering services or in the non-market sector, public bodies, national economic
sector etc.).

The first method is a non-parametric, deterministic procedure for evaluating
the frontier. Non-parametric procedures determine a frontier which “envelops” the
observations. DEA employs flexible, nonparametric methods to construct the best-
practice frontier and so allows the data to “speak for themselves” [Bates et. al
1996, p 1443]. For the deterministic approaches the frontier is defined by the
maximum distances between input and output. Random error and characterises
deviations from the frontier are interpreted as inefficiency [Coelli et al. 2005]. The
DEA bases on a linear programming model which allows to build a piecewise lin-
ear frontier and assumes a convex production sets. A less constrained alternative to
DEA is non-stochastic method known as free-disposal hull (FDH).

The second one widely uses stochastic procedure for parametric evaluating
the frontier. The approach is stochastic — it considers additionally a random vari-
able. The stochastic frontier approach treats deviations from production function as
comprising both random error (white noise) and inefficiency [Mortimer&Peacock
2002, p 2]. This enables a distinction between a random symmetrical component
which accounts for measurement errors and stochastic effects (e.g. due to weather
influences) and a symmetric deviation component which represents the ineffi-
ciency. The SFA as a parametric approach requires assuming a specific function
form a priori, the frontier is estimated econometrically by some variant of last
squares or maximum likelihood [Coelli et al. 2005]. The SFA bases on econometric
regression model, the frontier is smooth, appropriately and curved.

Both methods require all decision making units to have comparable inputs
and outputs. Both methods can handle multiple input and multiple output models.
These techniques should be used in conjunction with carefully complied data on
input and output quantities and prices [Coelli et al. 2005, p 133].

DETERMINISTIC, NON-PARAMETRIC MODEL (ON THE EXAMPLE
OF DEA)

The piece-wise-linear convex hull approach to frontier estimation, proposed
by Farrell (1957), was considered by only a few authors in the two decades follow-
ing Farrell’s paper. Boles (1966), Shepard (1970) and Afriat (1972) suggested
mathematical programming methods that could achieve the task, but the method
had not received wide attention until the paper by Charnes, Cooper and Rhodes
(1978), in which the term data envelopment analysis (DEA) was first used. Since
then a large number of paper have appeared, which have extended and applied the
DEA methodology.

For each DMU, to estimate efficiency, one would like to obtain a measure of
the ratio of all outputs over all inputs, such as u’q;/v’x; where u is a vector of out-



22 Agnieszka Bezat

put weights and v is a vector of input weights. The optimal weights are obtained by
solving the mathematical programming problem [Coelli et al. 2005, p 162]:

max,, ,(u'q; / V'x,) )
st u'g, /vx, <1 ()
u,v=0 (3)

This involves finding values for u and v, such that the efficiency measure for
the i-th DMU maximised, subject to the constrains that all efficiency measures
must be less or equal to one. One considers the input-output combinations that are
observed in the examined sample of decisions making units. An efficiency meas-
urement is calculated basing on the distance between the input-output combination
of the respective unit and the frontier [Farrell 1957].

Figure 1. A two input and one output case
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Source: Cooper et al. 2007, p 57

The technical efficiency for DMU B is calculated as a ratio (s. Figure 1):
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Point P indicates a virtual DMU which is similar to B, but located on the

frontier. Using virtual benchmarks such as P implies that linear combinations of
real DMUs (in this case E and D) are considered.
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STOCHASTIC, PARAMETRIC MODEL (ON THE EXAMPLE OF SFA)

Stochastic frontier analysis (SFA) is an alternative method to frontier estima-
tion that assumes a given functional form for the relationship between inputs and
an output [Coelli et al. 2005, p 209]. The stochastic production function model was
proposed independently by Aigner, Lovell, Schmidt and Meeusen, van den Broeck
in 1977. The model had following form:

Ing, =xf+v,—u, (%)

where ¢g represents the output of the i-th DMU, x; is a Kx1 vector containing
the logarithms of inputs, § is a vector of unknown parameters, and u; is a non-
negative variable associated with technical inefficiency, v; is a symmetric random
error, to account for statistical noise. The statistical noise arises from the inadver-
tent omission of relevant variables form vector x;, as well as from measurement
errors and approximation errors with the choice of functional form.

In the equation (5) the output values are bounded by the stochastic variable:

exp(x/B+v,) (6)

The value v; can be positive or negative and so the stochastic frontier outputs
vary about the deterministic part of the model:

exp(x; ) (7)

The SFA requires choosing a production function model: Coob-Douglas,
CES, translog, generalised Leontief, normalised quadratic and its variants. The
translogarithmic and the Cobb-Douglas production functions are the two most
common functional forms which have been used in empirical studies on produc-
tion, including frontier analyses [Battese & Broca 1997, p 397]. Using the Cobb-
Douglas stochastic frontier model' one can illustrate the variation of random error
about the deterministic part. A Cobb-Douglas stochastic frontier model takes the
form:

k
lnqi:ﬂ0+z,ﬁilnxij+vi—ui )
j=1
S0
k
g, =exp(f, + ) B, Inx,) +exp(v,) —exp(u,) ©)
=1

" The analysis is carried out for the DMU that produce the output q; using only the input x;.
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The observed deviation from actual point of production to the frontier
(exp(v,)—exp(u,)) is a composed error. Random component v refers to unsys-
tematic deviations from the frontier — noise.

In the Figure 2 the deterministic model with the error noise and inefficiency
effect was shown. The feature of frontier model was explained on the example of
two DMUs: A and B, which are using the input x, and x; for producing the output
v4 and yprespectively.

Figure 2. The stochastic production frontier
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Source: Own work on the basis of Coelli et al. 2005, p 244

In the figure the so-called frontier output is depicted. This measure assumes
the case if there were no inefficiency effects (i.e., u4=0 and uz=0). The values g*
assume no inefficiency effects (i.e., if u,=0 and up=0). For the DMU A the frontier
output lies above the deterministic part of the production frontier (the value g*,)
only because the noise effect is positive (i.e., v,>0). The frontier output of the sec-
ond DMU lies below the deterministic part of the frontier (the value ¢*z) because
the noise effect is negative (i.e., vz<0).

The frontier outputs tend to be evenly distributed above and below the de-
terministic part of the frontier. However, observed outputs tend to lie below the
deterministic part of the frontier. Indeed, they can only lie above the deterministic
part of the frontier when the noise effect is positive and larger than the inefficiency
effect [Coelli et al. 2005, p 244].

Commonly using output-oriented measure of technical efficiency is the ratio
of observed output to the corresponding stochastic frontier output:
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TE = 4q; _ exp(x,.',b’+vl. —u;)
"oexp(xB+v)  exp(XB+V,)

Regarding to the equation (9) the TE takes a value between zero and one. It
is important to understand that it measures the output of i-th DMU relative to the
output that could be produced by a fully-efficient DMU using the same input vec-
tor. So using the SFA one can estimates a relatively efficiency of some DMU.

In series of studies authors have explored the implications of variety of dis-
tributional assumption an estimation of efficiency. Generally it is required to as-
sume a distribution of u from:

half-normal distribution: u, ~ N*(0,0,),
exponential distribution: u, ~ EXP(/?.),

= exp(-u;) ©)

truncated-normal distribution: u, ~ N™ (,uu,O'u ),

gamma distribution: u, ~ ['(m, o, ).

The first two distributions have just a single parameter, are empirically
traceable and easy to estimate. The last two distributions have two parameters,
what makes them more flexible but also more difficult to estimate. The choice of
distribution of u influences quite strongly a level of TE and less rankings of DMUSs.
Under fairly weak assumption it is usually possible and appropriate to estimate
models using the method of last squares. Slightly stronger distributional assump-
tion allows estimating the unknown parameters using maximum likelihood® or
Bayesian techniques’ [Coelli et. al 2005, p 240]. When decisions about function
and distribution must be made, it is recommended to estimate a number of the al-
ternative models and to select a preferred model using likelihood ratio test [Coelli
1996].

Commonly used method for estimation of stochastic frontier is a maximum
likelihood (ML). ML estimations rest on the assumption that the distribution of the
errors is actually known. Battese and Coelli (1992) propose a stochastic frontier
production function which is assumed to be distributed as truncated normal random
variables.

LIMITATIONS AND PROBLEMS WITH DEA APPLICATIONS

In conducting a DEA study some limitations and possible problems may en-
counter.

* Maximum likelihood estimators are popular because they have desirable large sample
proprieties.

* Bayesian estimation is becoming increasingly popular, not least because it allows obtain-
ing exact finite-sample results concerning nonlinear functions of the parameters.
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One of the most notable characteristics of DEA 1is its deterministic ap-
proach to efficiency measurement. DEA does not allow for estimation or
measurement error. The full distance of a brand to the efficiency frontier is
interpreted as inefficiency. But a measurement error or other noise and out-
liers may influence the shape and position of the frontier.

The exclusion of an important input or output can result in biased results.
Efficiency measurements can differ depending on the model specifications
(input- vs. output-oriented models) and the variable specification (e.g. the
degree of aggregation and the units used to measure inputs and outputs).
The efficiency scores are only relative to the best DMU in the sample. The
inclusion of extra DMU (e.g. from other countries) may reduce efficiency
scores.

It has been pointed out that the technical efficiency of any single enterprise
or decision making unit (DMU) estimated using data envelopment analysis
(DEA) will tend to decrease as the number of DMUSs included in the DEA
application increases [Zhang & Bartels 1998, p 187]. This is because, as
the number of DMUs increases, the chance of encountering enterprises
close to the true production frontier increases, and therefore the frontier
constructed by DEA approaches the true frontier asymptotically as the
number of enterprises in an industry increases [Banker 1989].

DEA is good at estimating "relative" efficiency, thus the measurements are
only valid in a sample. Units which have not been included in the sample
can produce a shift of the frontier. The method’s results say nothing about
the efficiency of one sample relative to the other — they only reflect the
dispersion of efficiencies within each sample. One should not compare the
mean efficiency scores from two studies.

The addition of an extra DMU in a DEA analysis cannot result in an in-
crease in the TE scores of the existing enterprises.

The addition of an extra input or output in DEA model cannot result in a
reduction in the TE scores.

When one has a few observations and many inputs and/or outputs, many of
DMUs will appear on the DEA frontier. One could reduce the sample size
and increase the number of inputs and/or outputs in order to increase the
TE scores.

Not accounting for environmental differences may give misleading indica-
tions of relative managerial competence.

Standard DEA does not account neither for multi-period optimisation nor
risk in management decision making.

Since DEA is a nonparametric technique, statistical hypothesis tests are
difficult.
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LIMITATIONS AND PROBLEMS WITH SFA APPLICATIONS

In conducting a SFA study some limitations and possible problems may en-
counter. An analyst should keep these limitations in mind when choosing whether
or not to use SFA.

- In SFA studies an assumption regarding to a specific functional form of
stochastic frontier is required a priori. A wrong choice of production func-
tion may influence the results.

- The simple production frontier model does not permit the prediction of the
technical efficiencies of companies that produce multiples outputs.

- The maximum likelihood does not allow assessing the reliability of infer-
ences in small samples.

- Absolute level of TE is quite sensitive to distributional assumptions, rank-
ings are less sensitive.

- The SFA requires using of large number of DMUs.

- It should also be stressed that all of issues described concerning to DEA
method are also applicable (in varying degrees) to the stochastic frontier
method.

CONCLUSIONS

The traditionally econometric belief in the presence of external forces con-
tributing to random statistical noise is continuing maintained. Thus, it is desirable
for the econometric approach to be relatively more successful than others, so as to
provide the basis for a subsequent investigation into determinants of variations in
the efficiency. On the other hand, a researcher has to choose the functional form of
the frontier and make an assumption regarding to distribution of variation in ineffi-
ciency. A wrong choice may be corrected on the basis of statistical test (e.g. likeli-
hood ratio test or alternatively Wald’s test).

In conducting a DEA study, the production frontier “envelops” the observa-
tions, thus it does not require an assumption of a functional form relating inputs to
outputs. Random deviations from the frontier are interpreted as inefficiency; the
statistical noise is not included. A disadvantage of DEA method is that a frontier
position and efficiency scores may be strongly influenced by a measurement error
or outliers. In the same way the exclusion of an important input or output results.
The DEA method is useful for the relatively to SFA smaller sample. But one
should be carefully because a small number of DMUs may causes that many of
DMUs will appear on the DEA frontier and an average level of efficiency scores
will be very high.
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Porownanie deterministycznych i stochastycznych podej$¢ w wyzna-
czeniu efektywnosci technicznej na przykladzie metod: nieparametrycznej
DEA i parametrycznej SFA

Streszczenie: Autorka analizuje w artykule efektywno$¢ techniczna, ktora
pozwala na mierzenie zdolno$ci przedsigbiorstwa do uzyskiwania maksimum
efektow przy danym poziomie naktadéw lub do wykorzystywania minimum
naktadow do osiagnigcia danego poziomu wynikow. Przeprowadzono po-
rownanie dwoch podej$¢: deterministycznego (na przyktadzie Data Enve-
lopment Analysis) oraz stochastycznego (na przyktadzie Stochastic Frontier
Analysis), a mianowicie przedstawiono zalety i wady tych dwéch metod.
Wybrano te metody ze wzgledu na ich coraz szersze zastosowanie w polskich
badaniach. W artykule uwzgledniono mozliwe ograniczenia i problemy, kto-
re moga wplywaé na wynik bada dan przeprowadzonych za pomoca oma-
wianych metod.

Stowa kluczowe: mierzenie efektywnosci, Stochastic Frontier Approach,
Data Envelopment Analysis, Decision Making Units
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Streszczenie: W pracy, za pomoca trzech ré6znych miernikéw syntetycznych
zbadano poziom rozwoju rolnictwa polskich wojewodztw w 2007 roku.
Podane metody wykorzystuja miernik bezwzorcowy, jak rowniez mierniki
oparte o jeden lub dwa wzorce. W celu zapewnienia porownywalnosSci
otrzymanych rezultatow zastosowano standaryzacj¢ zmiennych, jako sposob
normalizacji danych oraz metryke Euklidesa, jako sposob mierzenia odleglo-
$ci migdzy rozwazanymi obiektami.

Stowa kluczowe: poziom rozwoju rolnictwa, mierniki syntetyczne, funkcje
uzytecznosci, znormalizowana funkcja Hellwiga, uporzadkowanie liniowe,
klasyfikacja.

WSTEP

Praca jest kontynuacja badan nad stanem rolnictwa w polskich wojewodz-
twach [Binderman A. 2005a,b, 2006,a,b, 2007, 2008]. W pracy [Binderman A.
2009 w druku] zbadany zostat poziom rozwoju polskiego rolnictwa w latach 2004 -
2007, w celu okreslenia tego poziomu wykorzystano metody unitaryzacji zerowa-
nej [Kukuta K. 2000] oraz mierniki majace charakter liniowej i nieliniowej funkcji
uzytecznosci [Binderman A. 2008]. W niniejszej pracy zbadano zrdéznicowanie
regionalne polskiego rolnictwa na podstawie najnowszych mozliwych do uzyska-
nia na ten czas danych GUS z roku 2007. Do uporzadkowania wojewddztw wyko-
rzystano rozwazane wczesniej funkcje uzytecznosci oraz syntetyczny miernik roz-
woju Hellwiga [Hellwig Z. 1968].

Metody porzadkowania obiektow mozna podzieli¢ na wzorcowe i bezwzor-
cowe. Metody bezwzorcowe polegaja na konstrukcji miernika syntetycznego
(agregatowego), na podstawie tylko znormalizowanych wartosci cech. Metody
wzorcowe polegaja na skonstruowaniu taksonomicznych miernikéw rozwoju -
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sztucznych punktéw odniesienia, mierzeniu odlegtosci od tych wzorcoéw i na tej
podstawie konstruowaniu miernika syntetycznego [Malina A. 2004, Mlodak A.
2006, Nowak E. 1990, Zelias A. 2000].

W pracy, dla zapewnienia porownywalnosci otrzymanych wynikéw jako
sposob normalizacji zmiennych wykorzystana zostata standaryzacja, natomiast
jako sposob mierzenia odleglosci - metryka Euklidesa [Zelias A. 2000, Bartosie-
wicz S. 1976]. Wybdér metryki i sposobu normalizacji zwiazany byl z metoda
Hellwiga.

W celu analizy poziomu rolnictwa w Polsce, dobrym narzedziem sa synte-
tyczne mierniki, ktére pozwalaja opisa¢ badane obiekty, tj. wojewodztwa, charak-
teryzowane przez wektory w wieclowymiarowej przestrzeni cech. Metoda ta umoz-
liwia analizg porownawcza grup wojewodztw, a takze pozwala na uporzadkowanie
badanych obiektow wedlug przyjetego kryterium oraz okresli¢ miejsce, jakie zaj-
muje dane wojewddztwo w rankingu wszystkich rozpatrywanych obiektow.

Bez straty dla ogdlno$ci rozwazan przyjeto zatozenie, ze rozwazane cechy
maja charakter stymulant [Borkowski B., Dudek H., Szczesny W. 2004].

METODYKA BADAN

Rozwazmy problem polegajacy na klasyfikacji me N obiektow Q;, Q,, ...,Qmn
badanego zjawiska za pomoca n € N zmiennych, majacych charakter cech iloscio-
wych, traktowanych, jako zmienne losowe X, Xy, ..., X,. Przyjmujemy zatozenie,
ze kazdy taki obiekt daje si¢ przedstawi¢ za pomoca wektora nalezacego do prze-
strzeni R". Niech wektor X;=(Xi1,Xi2,...,Xin), i=1,2,...,m, opisuje i-ty obiekt.

Jezeli X > X (Xik = Xj) dla k = 1,2,...,n to pisa¢ bedziemy:

X; > Xj, (Xi > Xj),
gdzie i, j €[1,m].

Jezeli xi= xj 1 X;# Xj to naturalnym jest nazywa¢ obiekt x; lepszym (wyzej
ocenianym) od obiektu x;. Oznacza to, ze zadna ze skladowych wektora x; nie jest
mniejsza od odpowiednich sktadowych wektora Xx;, a przynajmniej jedna z nich ma
warto$¢ wigksza, tj. istnieje takie ke [1,n], ze Xj> Xjk.

Przyjmijmy nastgpujace oznaczenia wektorow:

X0:=(X0,1,X0.25+5X0,0)> 1 Xt 1:=(Xm+1,1:Xm+1,25-+»Xm+1,n)5
gdzie:
Xop T min X, , X . = maxX;, k=1,2,..,n.
’ I<i<m ’ 1<i<m

Zalézmy, ze zdefiniowane wyzej wektory Xo, Xp1 Opisuja obiekt Q, (najgor-
szy) 1 obiekt Q.+ (najlepszy), odpowiednio. Obiekty Qy i Q.+ beda pelni¢ w na-
szych rozwazaniach rolg wzorcow.

Zatézmy ponadto, ze Xy # X+, O0Znacza to, ze wektory xi, Xa,..., X, nie sa
identyczne. Oczywiscie, wektory te spetniaja nierownosci:

Xo <X < Xy dla i€ [1,m].



32 Agata Binderman

Ztozone zjawiska ekonomiczne, okreslone sa najczgsciej za pomoca wielu
zmiennych o réznych mianach oraz rzedach wielkosci. Powstaje problem prze-
ksztatcenia tych cech w taki sposob, aby rozpatrywane lacznie, spelniaty warunek
porownywalnosci. Transformacj¢ zmiennych diagnostycznych, ktora prowadzi do
porownywalnosci oraz addytywnos$ci wartosci tych cech nazywamy normalizacja
lub normowaniem zmiennych. W literaturze przedmiotu mozna wyrozni¢ cztery
sposoby normalizacji (grupy metod):

1. standaryzacje,

2. unitaryzacjg,

3. przeksztalcenia ilorazowe wzglgdem punktu odniesienia,

4. rangowanie warto$ci zmiennych.

Wyczerpujaca lista sposobow normalizacji zmiennych podana jest np. w
ksiazkach [Kukuta K. 2000, Mtodak A. 2006, Strahl D., Walesiak M. 1996, 1997,
Walesiak M. 2006, Zelias A. 2000]. Przyjmijmy nastgpujaca definicje.

Definicja 1 Uktad wektorow xo, Xi, X, ..., Xm, Xm+1, ME N nazywac bedziemy znor-

malizowanym jezeli obiekty X,, Xn+ Sa reprezentowane przez wektor zerowy
i jednostkowy, odpowiednio, tj. x,=0=(0,0,...,0), Xn=1=(1,1,...,1).

Jezeli uktad wektoréw XoXi,Xa,....Xm,Xm+1 j€st znormalizowany to 0 < x;; <l
dla kazdego i=0,1,...,m+1; k=1,2,...,n.

Jezeli wyjsciowe zmienne diagnostyczne poddamy normalizacji za pomoca
unitaryzacji zerowanej, to w wyniku tej operacji uzyskamy znormalizowany uktad
wektoréow. Wlasnos$ci tej nie maja na ogo6t takie sposoby normalizacji, jak standa-
ryzacja czy tez przeksztalcenie ilorazowe.

Definicja 2. Kazda rosnaca funkcje u: R”" — R nazywal bedziemy funkcjq uzy-
tecznosci [Allen R. 1964, Panek E. 2000].

Z definicji wynika, ze dla dowolnej pary wektorow x,ye R” spetniona jest

implikacja: x>y Ax#y=u(x)>u(y). Dlatego obiekt x uwazany bedzie za lep-

szy od obiektu y, jezeli u(x)>u(y), oznacza to, ze obiekt lepszy od drugiego obiektu
ma wigksza od niego uzyteczno$¢. Obiekty X, y uwazane sa za jednakowo dobre
(obojetne), wzgledem przyjetej funkcji uzytecznosci u, jezeli u(x)=u(y).
W pierwszym przypadku mowi¢ bedziemy, ze obiekt x jest silnie preferowany nad
y, w drugim, ze obiekty y i x sa indyferentne. Jezeli obiekty y i x sa indyferentne
lub obiekt x jest silnie preferowany nad y to mowic¢ begdziemy, ze obiekt x jest sfa-
bo preferowany nad y [Panek E. 2000].

Definicja 3. Funkcje uzytecznosci u spetniajaca warunek: u(x¢) = 0 1 u(Xp+1) =1,
nazywac bedziemy znormalizowanq funkcjq uzytecznosci.

Mozna udowodni¢ nastepujace twierdzenia [Binderman A. 2007].
Twierdzenie 1. Niech d oznacza dowolna metryke Minkowskiego (1 <p <) [Ze-
lias A. 2000], X0 # X1 WOWczas funkcja:
d(xg,x;) +d(xp, X)) —d(X;, X))

2d(Xy, X,1) ’

U(x;) = i=0,1,...,mm+1, (D)
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jest znormalizowang funkcja uzytecznosci przyjmujaca wartosci z przedziatu [0,1].
Twierdzenie 2. Funkcja

f(x)= (X1 X5 X; X)) L i=01,..m+1, 2)
1 <Xm+l “Xo> X1 X0 >

gdzie <x,y>, oznacza iloczyn skalarny wektoréw x,ye R" jest znormalizowang

funkcja uzytecznosci.

Zauwazmy, ze zgodnie z przyjetymi okresleniami funkcja U okreslona wzo-
rem (1) jest nieliniowym, dwuwzorcowym miernikiem, natomiast funkcja f okre-
$lona za pomoca wzoru (2) jest miernikiem bezwzorcowym.

Twierdzenie 3. Jezeli uktad wektoréw xq, Xi, Xa,..., Xm, X1 j€st znormalizowany
[zob. Cieslak M. 1993, Kukuta K. 2000] to:

F(x)= 13 x,. dla i=0.1,...m+1,
=]

Niech bedzie dany zdefiniowany wyzej uktad wektordw xg, X1, Xa,..., Xm, Xm+1
(przed normalizacja zmiennych). Przyjmijmy zalozenie, ze cechy, na podstawie
ktorych okreslono te wektory maja charakter stymulant. W pracy do normalizacji
zmiennych zastosowano standaryzacj¢ okreslona za pomoca wzoru:

_ Xij _Xj

z; , (i=1,...,n; j=1,...,m); 3)

J

1
_ 1 &
X, =— X, .
i m — kj
W wyniku normalizacji zmiennych, otrzymujemy uktad wektorow:
ZO,Zly Z2 seey Zm: Zm+l-

Syntetyczny miernik rozwoju Zdzistawa Hellwiga h(x;) [Hellwig Z. 1968]

okreslany jest w nastgpujacy sposob:

e L oY .
gdzie: S; = Ekzzz (ij -X j) - odchylenie standardowe cechy x;,

- Srednia arytmetyczna cechy x;, i=1,...,n; j=1,...,m.

_ - 4 “4)
h(x;)=h,(z,.2,,...2,,)=1 d+20D)
gdzie:
dy= (32 20) A= 0(D)= [L 37, -a) =01 m.
i=1 j

Jj=1 i=1
W powyzszych wzorach wartoSci wspolrzednych  wektorow  z,

i=0,1,2,...,m+1 sa okreslone za pomoca wzoru (3).
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Uwaga 1. Latwo zauwazy¢, ze jezeli istnieja wektory X, 1 X; takie, ze Xy = X;
1 Xk #Xj, 1 <j,k<m, to po transformacji zmiennych okreslonych wzorem (3) wek-
tory z i z; spelnia¢ beda warunki zy > z; 1 z # z;.

Zauwazmy ponadto, ze liczby d 1 o(D) sa wielkoSciami statymi dla danego
uktadu wektoro6w Xi, Xa, ..., Xm, Xm+1 Oraz dy > dj. Miernik Hellwiga wykorzystuje
jeden wzorzec, najlepszy Xm+1.

Z powyzszych rozwazan wynika, ze jezeli istnieja wektory x 1 X; takie, ze
Xi>Xj 1 Xi#Xj, 15),k<m, to dla funkcji Hellwiga stuszna jest nastgpujaca nierownos¢:

h(x)>h(x).

Powyzsza nierdéwnos¢ dowodzi shusznosci nastgpujacego twierdzenia.
Twierdzenie 4. Miernik syntetyczny h(x) jest funkcja uzytecznosci.

Miernik h(x) nie jest na og6t standaryzowana funkcja uzytecznosci, mimo ze
h(xm1)=1. Zauwazmy jednak, ze funkcja

_ h(x)~h(x,) 5
H®x):= = h(x,) ) (5)

spetnia warunki normalizacyjne, tj. H(xo) =0 i H(Xy+1) = 1. Istotnie:

h(i(o)h— h(x,) 0, H(x,)= h(x, ., )—h(x,) _ 1-h(x,) -1
—h(x,) 1-h(x,) 1-h(x,)

H(Xo) =

Oczywiscie, jezeli h(xg) = 0, to H(x) = h(x).

Nietrudno zauwazy¢, ze z faktu, iz funkcja h jest rosnaca wynika, ze rowniez
funkcja H jest funkcja rosnaca. Dowiedzione zatem zostalo nastgpujace twierdze-
nie.

Twierdzenie 5. Jezeli dany jest uktad wektoréw xo, X1, X2, ..., Xm» X1 » X0 7 Xt » tO
funkcja H(x) okreslona wzorem (5) jest znormalizowang funkcja uzytecznosci
przyjmujaca wartosci z przedziatu [0,1].

Definicja 4. Funkcje¢ H(x) nazywa¢ bedziemy znormalizowang funkcjq Hellwiga.

WYNIKI BADAN

Celem pracy bylo pokazanie oceny poziomu rolnictwa polskich woje-
wodztw, w zaleznosci od zastosowanych miernikow syntetycznych. Ba-
dan dokonano na podstawie danych empirycznych ze wszystkich polskich woje-
wodztw, ktore dotyczyty stanu polskiego rolnictwa w 2007 roku. Do opisu regio-
nalnego zroznicowania rolnictwa przyjeto 10 nastepujacych zmiennych diagno-
stycznych [zob. Binderman A. 2007]:

X; Udziat uzytkow rolnych w % powierzchni ogétem.

X, Wskaznik waloryzacji rolniczej przestrzeni produkcyjnej (w punktach).
X3 Plony zb6z w tonach z 1 hektara.

X4 Obsada bydta w sztukach duzych na 100 hektarow uzytkow rolnych.
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Xs Skup owocoéw z drzew w kg na 1 hektar powierzchni upraw.
Xe Wartos$¢ skupu produktéw rolnych ogétem w zt na 1 ha uzytkdw rolnych.
X; Naktady inwestycyjne w rolnictwie w zt na 1 hektar uzytkéw rolnych.
Xg Wskaznik zatrudnienia w rolnictwie w %.
Xo Srednia powierzchnia gospodarstwa rolnego w hektarach.
X1 Produkt krajowy brutto w zt na 1 mieszkanca.
Wszystkie zmienne byly stymulantami, oznacza to, ze wigksze wartosci cech
wskazywaty na wyzszy poziom rozwoju badanego zjawiska.
Dla tak okreslonych danych otrzymano m=16 obiektow Q,,Qn,...,Q1s, kazdy
z nich zostatl opisany przez n = 10 cech: X, Xy,..., Xjo. Wartosci przyjetych zmien-
nych diagnostycznych dla 16 wojewodztw w 2007 roku utworzyly macierz X o
wymiarach 16x10. Na podstawie wartoSci przyjetych przez cechy dla 16 woje-
wodztw, stworzono dwa hipotetyczne (wzorcowe) wojewodztwa, minimalne Q,
oraz maksymalne Q;;, okreslone za pomoca najmniej i najbardziej korzystnego
zestawu wartosci cech (odpowiednio). Hipotetyczne obiekty reprezentowane byty
przez wektory X, oraz x;7 o 10 sktadowych kazdy.
Poniewaz wybrane cechy miaty r6zne miana i rzedy wielkosci, poddano je
normalizacji, wykorzystujac w tym celu metode standaryzacji, wedlug wzoru (3):

z.=——1  0<i<17,1<j<10.

Wybor standaryzacji, jako sposobu normalizacji zwiazany byl z wymaganiami
metody Hellwiga.

Do obliczenia syntetycznych miernikoéw wojewodztw w roku 2007, dla po-
roOwnania wynikow, wykorzystano rozwazane wczesniej trzy rézne metody kon-
strukcji miernikow syntetycznych oraz metryke Euklidesa, tj.:

1. funkcjg liniowa f, okre$lona za pomoca wzoru (2):

Z.-2,,Z -7 .
f(z,)= <”°—2°> i=0,1,2,..,17;
”117 'ZOH
2. nieliniowa znormalizowana funkcj¢ uzytecznosci U, wedtug wzoru (1):

U(z.) =
=) 2u(z,2,)

=0,1,..,16,17;

gdzie u oznacza metryke Euklidesa (metryka Minkowskiego przy p=2),
3. znormalizowana funkcje¢ Hellwiga okreslona za pomoca wzoru (5):

_h(z)-h(z)) ._

H(z,): ,1=0,1,..,17,
1_h(Zo)
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glee h(Zl) =1——2—dl—, i= 0,1,2,,16,17,
2d+ u(d,d)

— 1L - =
d = u(z,,z,,), d=(d,,d,,....d,), d:Ede, d=(d,d,..,d).
k=1

Oczywiscie podane wyzej mierniki sa znormalizowanymi funkcjami uzy-

tecznosci, przyjmujacymi wartosci z przedziatu [0,1], tj.:
f(x0) =0, f(x17) = 1, U(x0) =0, U(x17) =1 1 H(xo) =0, H(xy7) = 1.

Przy uzyciu podanych wyzej funke;ji f, U i H, obliczone zostaty mierniki syn-
tetyczne poziomu rozwoju rolnictwa polskich wojewodztw w roku 2007. Wyzna-
czenie uzytecznosci dla wojewodztw pozwolito nastepnie na dokonanie rankingu
wojewodztw, tj. uporzadkowania obiektow, wedtug wartosci miernikow.

Tabela 1 przedstawia warto$ci syntetycznych miernikow wojewddztw oraz
ich pozycje, wedlug trzech zastosowanych metod, jak rowniez wspotczynniki kore-
lacji migdzy wektorami rezultatow.

Tabela 1. Warto$ci miernikow poziomu rozwoju rolnictwa polskich wojewodztw w 2007 .
oraz uporzadkowanie wojewodztw wg trzech funkcji uzyteczno$ci

Wartosci miernikow Uporzadkowanie
Wojewodztwo Funkcje Funkcje
f U H f U H
Dolnoslaskie 0,41 0,42 0,37 6 6 5
Kujawsko-pomorskie 0,46 0,46 0,41 4 4 3
Lubelskie 0,36 0,39 0,28 10 10 13
Lubuskie 0,21 0,23 0,20 15 15 15
Lodzkie 0,39 0,40 0,36 8 8 7
Matopolskie 0,36 0,37 0,32 11 11 10
Mazowieckie 0,48 0,48 0,40 3 3 4
Opolskie 0,56 0,55 0,44 2 2 2
Podkarpackie 0,20 0,23 0,17 16 16 16
Podlaskie 0,39 0,41 0,31 7 7 11
Pomorskie 0,36 0,36 0,34 12 13 8
Slaskie 0,38 | 0,39 | 0,32 9 9 9
Swietokrzyskie 0,24 0,26 0,22 14 14 14
Warminsko-mazurskie 0,42 0,43 0,36 5 5 6
Wielkopolskie 0,61 0,60 0,53 1 1 1
Zachodnio-pomorskie 0,34 0,36 0,30 13 12 12
Wspétezynniki korelacji: r,(fU) |r,(UH) | r,(fH) | r,(fU) | r(UH) | r,(ftH)
Pearsona (r,)/Spearmana (r;) | 0,999 | 0,966 | 0,975 | 0,997 | 0,918 | 0,929

fiU — liniowa i nieliniowa funkcja uzytecznosci, H — znormalizowana funkcja Hellwiga.
Zrodto: Obliczenia wlasne
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W ostatnim wierszu tabeli 1 podane zostaty wspdtczynniki korelacji Pearso-
na i rang Spearmana (odpowiednio), pomigdzy wektorami rezultatow. Np. ry(fU)
oznacza wspotczynnik korelacji Pearsona migdzy wektorami
f=(f(z)), f(zp), ..., f(z16)) 1 U= (U(z1), U(zy), ..., U(z6)), natomiast ry(UH) oznacza
wspotczynnik rang Spearmana migdzy wektorami U = (U(z;), U(zy), ..., U(z¢))
1H= (H(Z]), H(Zz), veey H(Z16)).

W tabeli 2. pokazano podstawowe charakterystyki opisowe miernikéw synte-
tycznych poziomu rozwoju rolnictwa w roku 2007.

Tabela 2. Charakterystyki opisowe dla syntetycznych miernikéw wojewddztw w Polsce,
wedlug trzech funkcji uzytecznoscei f, U i H.

.. Funkcje
Charakterystyki opisowe T U H
Srednia arytmetyczna 0,39 0,40 0,33
Mediana 0,38 0,40 0,33
Rozstep 0,41 0,37 0,36
Odchylenie stand. 0,11 0,10 0,09
Wsp. zmiennosci 28% | 25% | 27%
Wsp. asymetrii 0,16 0,06 0,16

Zrodto: Obliczenia wiasne

Otrzymane wyniki wskazuja, ze mierniki syntetyczne, otrzymane przy po-
mocy réznych metod niewiele roznia si¢ miedzy soba. Na ogot, mierniki (wzgled-
ne), otrzymane za pomoca funkcji nieliniowej U, majq odpowiednie warto$ci wigk-
sze, niz uzyteczno$ci uzyskane za pomoca funkcji liniowej f, ktére z kolei przyj-
muja warto$ci wigksze, niz mierniki uzyskane za pomoca znormalizowanej funkcji
Hellwiga. Laczy sig¢ to rowniez z faktem, ze odpowiadajaca miara zmiennosci dla
funkcji U jest najmniejsza.

Analiza miar zmiennosci wskazuje, ze w Polsce pod wzglgdem poziomu
rozwoju rolnictwa wystepuje znaczne zréznicowanie wojewodztw.

Ocena asymetrii rozktadéw wartosci syntetycznych miernikéw wojewodztw
pokazuje, ze w badanym okresie rozktad mozemy okresli¢ jako symetryczny, co
oznacza skupienie badanych jednostek przy $rednich wartosciach cechy. Syme-
tryczny rozktad wartosci miernikow wskazuje na to, ze w 2007 roku stosunkowo
mato wojewddztw osiggalo wartosci powyzej lub ponizej sredniego poziomu roz-
woju rolnictwa.

Na podstawie wyznaczonych uzytecznosci wojewddztw, w nastgpnym kroku
dokonano podzialu wojewodztw na 4 klasy, charakteryzujace si¢ zblizonym po-
ziomem rozwoju rolnictwa. Podstawa podziatu wojewodztw na klasy byty wartosci
ich miernikow rozwoju. Wykorzystano w tym celu szeregi przedzialowe rozdziel-
cze, w ktérych rozpigtosci przedziatow klasowych byly rowne w przyblizeniu jed-
nej czwartej rozstgpu. Tabela 3 przedstawia grupowanie wojewddztw przy trzech
sposobach obliczania miernikow. Zestawienie w tabeli 3, podzialu wojewddztw na
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cztery typologiczne grupy pokazuje, ze Polska w 2007 roku byta krajem zréznico-
wanym ze wzgledu na poziom rolnictwa [por. Zegar J. 2003], a wybdr miernika
syntetycznego miat niewielki wptyw na uzyskane klasyfikacje.

Tabela 3. Klasyfikacja wojewodztw wedlug dwoch funkceji uzytecznosci

., Funkcja

'Wojewddztwo R T q
Wielkopolskie Il 1 1
Opolskie Il 1 11
Mazowieckie 11 11 11
Kujawsko-pomorskie |1 11 11
Warminsko-mazurskie [[I 11 11
Dolnoslaskie 11 11 11
Podlaskie 111 111 111
Lodzkie 111 111 11
Slaskie 111 1[I
Lubelskie 111 111 111
Matopolskie 111 111 111
Zachodnio-pomorskie |1 111 111
Pomorskie 111 111 111
Swietokrzyskie v v IV
Lubuskie v 1A% 1A%
Podkarpackie v 1A% 1A%

Zrédio: Obliczenia wiasne

Analizujac na podstawie tabeli 1 uporzadkowanie wojewodztw wedlug po-
ziomu uzytecznosci mozna wnioskowaé, ze bez wzgledu na rodzaj funkcji, w 2007
roku na poczatku rankingu znajduje si¢ wojewddztwo wielkopolskie, natomiast
ostatnie miejsce wojewodztwo podkarpackie.

Do I grupy, na ogo6l, zaliczaja si¢ dwa wojewddztwa - wielkopolskie i opol-
skie, odznaczajace si¢ najwyzszym poziomem rozwoju rolnictwa w Polsce. Grupa
IT obejmuje cztery wojewoddztwa: mazowieckie kujawsko-pomorskie, warminsko-
mazurskie i dolnoslaskie, ktére charakteryzuja si¢ stosunkowo wysokim (powyzej
sredniej) poziomem rozwoju rolnictwa. Grupa III obejmuje siedem wojewodztw:
podlaskie, to6dzkie, $laskie, lubelskie, matopolskie, zachodnio — pomorskie i po-
morskie, o niskim (na ogo6t ponizej poziomu przecigtnego) poziomie rozwoju rol-
nictwa. W IV grupie znalazty si¢ (wg wszystkich rozpatrywanych metod) trzy wo-
jewodztwa: swigtokrzyskie, lubuskie i podkarpackie, co wskazuje na to, ze w 2007
roku byly one regionami o najnizszym poziomie rozwoju rolnictwa w Polsce. Ana-
lizujac uzytecznosci oparte na standaryzowanym mierniku Hellwiga, do pierwszej
grupy nalezy tylko jedno wojewoddztwo - wielkopolskie, do drugiej dodatkowo
opolskie i todzkie, w trzeciej grupie znalazlo sig sze$¢ wojewodztw.

Na podstawie tych wynikéw mozna wnioskowaé, ze zmiana funkcji uzytecz-
nosci liniowej na nieliniowa nie zmienita grupowania wojewodztw. Natomiast
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zmiana z funkcji liniowej na standaryzowana funkcje Hellwiga powoduje w klasy-
fikacji niewielkie zmiany.

Analizujac grupowania wojewodztw mozna zauwazy¢, ze wsrod wielu me-
tod nie ma zadnej metody, ktorej przewaga nad innymi bytaby uznana.

WNIOSKI

Podane w pracy wyniki badan jednoznacznie swiadcza, ze w 2007 roku wy-
stgpowato duze zroéznicowanie poziomu rozwoju rolnictwa polskich wojewddztw.
Ze wzgledu na badane zjawisko, najlepszym wojewodztwem okazato si¢ woje-
wodztwo wielkopolskie, najgorszym natomiast podkarpackie.

Analiza otrzymanych rezultatéw pokazuje, ze kazdy z rozwazanych mierni-
kéw moze rownowaznie, dobrze stuzyé, jako narzedzie do oceny stanu poziomu
rozwoju rolnictwa polskich wojewodztw. Wyniki wskazuja, ze wystepuje tu duza
stabilnos¢ klasyfikacji i grupowania obiektow, ze wzgledu na zastosowane sposoby
obliczania miernikow syntetycznych. Cho¢ wyznaczenie miernikow przy pomocy
funkcji liniowej f sa najprostsze, to nie ma to jednak wigkszego znaczenia, jesli
wzia¢ pod uwagg, ze obliczenia dokonywane sa w obecnych czasach przy uzyciu
komputerow.
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Dependence of development level analysis of Polish agriculture
on choice of synthetic measures

Summary: In the present paper, development level analysis of Polish agri-
culture is investigated. The investigation is based on the 2007 year. The ap-
plied methods use three different utility functions as the preference indica-
tors. These indicators were applied to arrangement of Polish voivodeships.
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The given utility function has such property that two considered objects have
an identical utility if their distances from two different fixed model objects
are equal.

Keywords: agriculture development level, synthetic measures, utility func-
tions, normalized Hellwig’s function, voivodeships class division.
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Abstract: The issue of unemployment may be examined from many aspects.
It is not only unemployment rate itself, but also the distribution of unem-
ployment in a given country that are of major importance. To conduct such
research, it is necessary to analyze measures of unemployment variation. The
article presents unemployment variation measures together with their unique
character.

Keywords: unemployment, pseudo-variance

INTRODUCTION

Unemployed represent a certain percentage in the total of population in
every free-market economy. It is a phenomenon natural for every economy. It be-
comes a problem only when it increases considerably [Kwiatkowski 2007]. Unem-
ployment is found both in rich and poor countries. Hence, in most countries there
are institutions the aim of which is to combat and prevent the unemployment
[Layard et al. 1991]. In many countries, unemployment has a regional character.
There are regions that are particularly affected by unemployment [Horodelski and
Sadowska-Snarska 2003]. Therefore, the research must involve analyses aimed at
comparing not only unemployment rates, but also their spatial and temporal varia-
tion.

Temporal and spatial variation may be described with the use of distribution.
To carry out more comprehensive analyses, it is necessary to define arithmetic
operations on distribution. Convolution [Feller 2006] is the operator of addition,
yet defining the operation contrary to convolution, i.e. equivalent of subtraction,
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poses a major problem’. If one adopts definition of subtraction that is in accordance
with axioms of algebra, distribution may not be a result in some cases. In practice,
this leads to a situation when it is not plausible to employ methods based on alge-
bra. The only solution is to generalize the notion of distribution, i.e. introduce the
notion of pseudo-distribution [Borawski 2008]. Subtracting of two distributions
does not have to result in a distribution but always in a pseudo-distribution, due to
which, on the basis of pseudo-distributions set, one may introduce arithmetic op-
erations that are in keeping with axioms of algebra. Pseudo-distribution may be
classified as an element of the full set, in which all the possible distributions and
their inverse elements are included. Proper definition of the pseudo-distribution is
very difficult because of the fact, that, for most opposite elements, their counterpart
in real world cannot be found. Similar situation occurs when the arithmetic calcula-
tions on the size of the set are conducted. If the difference in sets’ size is examined
and it is negative, it is not possible to determine the counterpart of negative num-
ber, because the sets with negative number of elements do not exist. On the other
hand, such negative numbers are indispensable. Similar problem arises while defin-
ing the actions for parameters describing the distribution, particularly those pa-
rameters that measure variation (e.g. standard deviation, variance, range). To con-
duct a more comprehensive analysis, it is necessary to define arithmetic operations
in a proper way and make generalizations that may consist in generalizing the vari-
ance as pseudo-variance that may take negative values. For formal reasons, most
methods cannot be used without making such a generalization. Due to the fact that
certain axioms are not satisfied, algebra does not allow to make calculations for
correlation variance, create econometric models, etc. On the contrary, it is possible
in the case of pseudo-variance as it satisfies these axioms. Pseudo-variance can be
defined as an element of the full set, to which all possible variances and their in-
verse elements are included.

Relativity measures determine the variation of a given factor. As far as un-
employment is concerned, these measures determine how unevenly distributed
unemployment is in a given region. According to data derived from Eurostat, un-
employment rate among people aged 25 and more amounted to 8.3% in 2007 in
Poland. However, this does not indicate that unemployment rate is the same in the
entire Poland. Unemployment rate can be calculated individually for each adminis-
trative unit. The comparison between these rates enables one to determine the ex-
tent to which they are different, which can be defined with the use of variation
measures.

Standard deviation, describing the distribution, is one of the most frequently
used variation measures. In the case of unemployment, the distribution of rates is
the case. It determines the broadness of distribution, i.e. how much the rate fluctu-
ates around its mean value. High and low rates may be considered favourable de-

! Operation opposite to convolution has been discussed in the following publications: Mi-
kusinski [1953], Mare§ [1989], Mare$§ [1994].
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pending on the rate under consideration. As for unemployment, high standard de-
viation can be considered unfavourable as it indicates that unemployment distribu-
tion is extremely uneven in the area investigated.

Furthermore, high standard deviation will translate into uneven supply and
demand for labour in different regions of a particular administrative unit. On the
one hand, this will lead to migration of population from regions characterized by
higher unemployment to regions where it is lower. On the other hand, working
places will “migrate” to regions where unemployment is higher in order to find
employees whose pay demands are low.

Actions aimed at reducing the disproportion in unemployment may have
different character than actions aimed at bringing down the unemployment itself.
The disproportion may be reduced via improving transport infrastructure. The con-
struction of motorways and dual clearways enables people to commute to work
even from far away places. Motorways increase this distance nearly twofold. Eve-
ryday journey from place situated even 150 km away from working place becomes
real, which can considerably reduce disproportion in employment in communes
and counties.

EVENNESS OF SPATIAL DISTRIBUTION OF UNEMPLOYMENT

The fact that unemployment rate amounts to 8.3% in Poland does not indi-
cate that unemployment is distributed evenly in the entire country. Figure 1 shows
large disproportion among particular voivodships. In eastern Poland, unemploy-
ment amounts to about 7-8%, yet unemployment rates in western Poland are char-
acterized by considerable disproportion. Wielkopolskie voivodship, where unem-
ployment rate is low, neighbours Zachodniopomorskie voivodship and Dol-
noslaskie voivodship where the rates are extremely high.

Figure 1. Unemployment in Poland in 2007 among people aged 25 and more
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Source: own elaboration based on data derived from Eurostat

Unemployment rate for a particular country is calculated for the entire area
without taking rates for particular administrative units into account. To determine
spatial distribution of unemployment, one must use parameters describing the dis-
tribution of unemployment. Hence, one must calculate unemployment rates for
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particular administrative units and then calculate parameters describing the distri-
bution of unemployment in the entire country. Mean value and standard deviation
are the most important parameters describing the distribution.

Mean value is an equivalent of unemployment rate in the entire country, yet
it is not the same (which is shown in Figure 2). It can be noticed that mean unem-
ployment rates calculated for particular countries at NUTS2 level and unemploy-
ment rates recorded in these countries are very much similar. The only difference
lies in their interpretation. Mean value defines the mean value of the rate for
NUTS2 administrative units and hence it refers directly to the value of the rate.
Difference in values of both parameters results from the fact that mean value refers
to administrative units as objects without paying attention to their scale (in the case
of unemployment — number of residents).

Figure 2. Unemployment in Europe in 2007 among people aged 25 and more:
a) unemployment rate, b) mean values of rates for NUTS2 administrative units
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Source: own elaboration based on data derived from Eurostat

Standard deviation is the other important parameter. It defines the extent to
which value fluctuates around mean value. The higher the deviation, the greater the
fluctuation. Standard deviation is expressed in units of values that it describes.
Standard deviation of unemployment rates in particular countries may be calculated
when unemployment rates for administrative units at different levels are known
(e.g. NUTS2, NUTS3). Hence, it defines the variation of unemployment rate at a
given level.

Figure 3a shows the variation of unemployment rates in countries deter-
mined for NUTS2 level, which corresponds to Polish voivodships. Low values of
standard deviation are the most favourable. Like Ireland, Norway or Sweden, Po-
land is among countries with low standard deviation of unemployment rate, which
implies that the unemployed are distributed quite evenly in particular voivodships
(compared to other countries).
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Figure 3. Unemployment in Europe in 2007 among people aged 25 and more:
a) unemployment rate, b) mean values of rates for NUTS2 administrative units
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Source: own elaboration based on data derived from Eurostat

Standard deviation is expressed in units of rate for which it has been calcu-
lated. Such a way of expressing standard deviation does not always illustrate the
situation well. Deviation with two units should be interpreted in a different way
when mean value of the rate has four units, and in a different way when it has two
hundred units. In the former case, variation of value should be considered ex-
tremely high, whereas in the latter case — very low. Therefore, value of standard
deviation should always be related to mean value. To make the interpretation of
standard deviation independent of mean value one can multiply them. The product
of such an operation is variation coefficient, usually expressed as the percentage of
mean value.

Figure 3b shows variation coefficient values for particular countries. It can
be noticed that many affluent countries are characterized by high scatter coeffi-
cients exceeding 50%, which indicates that there is large disproportion among par-
ticular administrative units as far as unemployment rates are concerned. This state
of affairs often stems from regional differences, just like in Italy (North-South) or
Germany (in the past, the Federal Republic of Germany and the German Democ-
ratic Republic).

CORRELATION AMONG MEASURES OF RATES’ VARIATION

Correlation formula may be derived in many ways [Borawski 2007]. Vector
calculus is one of options. However, this requires defining vector space for varia-
tion measures. In the case of variance and standard deviation, it is necessary to
make a generalization that allows negative values. The coordinates of vectors are
ordered pairs that include mean value and generalized standard deviation (or mean
value and variance generalization). These pairs can be added and multiplied by real
value in accordance with universally accepted rules underlying arithmetic opera-
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tions on mean values, variance and standard deviation [Jaworski 1979]. Thus, vec-
tors defined for these pairs can be added and multiplied by scalar. On the basis of
vector space defined in such a way, one may derive variance correlation and stan-
dard deviation formula which is analogical to mean value formula.

As far as arithmetic operations on variation measures are concerned, opera-
tions on standard deviation and variance can be distinguished. Arithmetic opera-
tions on standard deviation refer to random variables entirely dependent on one
another, and operations on variance — to entirely independent ones. In practice, real
result is somewhere in between values calculated for standard deviation and vari-
ance, which stems from the fact that random variables are usually partially depend-
ent.

Table 1. Correlation between unemployment rates and other rates

Unemployment rates by sex | Long-term unemployment (12
and age, at NUTS levels 1, 2 | months and more), at NUTS
and 3 (%) levels 1 and 2 (1000; %)

Mean | Standard Mean | Standard
value | deviation | Variance | value | deviation | Variance

Unemployment rates by
sex and age, at NUTS
levels 1, 2 and 3 (%) 1 1 1 0.59 10.04 0.21

Long-term  unemploy-
ment (12 months and
more), at NUTS levels 1
and 2 (1000; %) 0.59 0.04 0.21 1 1 1

Economic activity rates
by sex and age, at NUTS
levels 1 and 2 (%) -0.56  10.46 0.50 -0.53 [-0.10 0.03

Average number of
usual weekly hours of
work in main job (full-
time), at NUTS levels 1
and 2 (hours) 0.75 -0.04 -0.09 0.59 0.18 0.21
Source: own elaboration based on data derived from Eurostat

Table 1 shows correlations determined. It can be noticed that unemployment
rate is strongly correlated with the average number of working hours, which results
from the fact that the more hours employees spend at work, the fewer workers are
needed for accomplishing a given task. In consequence, employers offer employ-
ment to smaller number of people.

Unemployment rate is negatively correlated with people’s economic activity.
Thus, the greater this activity, the lower the unemployment. At the same time, the
variation of this activity is positively correlated with unemployment variation.
Hence, it may be concluded that in regions characterized by great economic activ-
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ity, unemployment is either very high or very low. In the case of variation meas-
ures, positive and negative values of correlation cannot be interpreted explicitly. It
can only be stated that correlation is found, but it is impossible to determine its
character.

Figure 4 shows the correlation between unemployment rate and percentage
share of people from particular age groups in the total of population. It can be no-
ticed that mean value is strongly and negatively correlated with the number of peo-
ple aged 0-4, which can be justified on the grounds of the fact that parents decide
have children when their financial situation is stable, i.e. when one of them has
regular work. On the other hand, one parent can take maternity leave and hence is
not considered unemployed.

Figure 4. Correlation between unemployment rate and percentage share of people from
particular age groups in the total of population
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Source: own elaboration based on data derived from Eurostat

The maximum is reached for people aged 20-29, which stems from the fact
that they are just entering labour market. As they have no professional experience,
their situation on the market is worse, they find it difficult to find a job and remain
unemployed much longer. Having gained certain experience, at the age of 35-40
they are sought by employers and thus unemployment rate is the lowest among
them. As they grow old, they are less and less efficient and able, and so are less
attractive as potential workers, which is reflected in higher unemployment rate.
Finally, people aged 60-64 are in a way protected, due to which employers cannot
dismiss them so frequently. On the other hand, they can take early retirement in-
stead of becoming unemployed. As a result, unemployment rate is lower in this age

group.
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CONCLUSION

The analysis of variation may provide additional information concerning the
spatial distribution of unemployment, which allows to determine how evenly it is
distributed among administrative units under consideration. Furthermore, it is plau-
sible to determine the correlation between the variation measures of different rates
and unemployment. On the basis of the research conducted, it can be stated that
spatial distribution of unemployment is correlated with economic activity of unem-
ployment and the number of people aged 5-15.
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Analiza miar zmiennoS$ci bezrobocia w krajach Unii Europejskiej

Streszczenie: Problem bezrobocia mozna rozpatrywaé¢ w wielu aspektach.
Interesujacym czynnikiem jest nie tylko sam wskaznik bezrobocia, ale takze
roztozenie liczby bezrobotnych na obszarze danego kraju. Aby wykonywac
tego rodzaju badania konieczne jest przeprowadzanie analiz miar zmiennoS$ci
bezrobocia. W artykule przedstawiono badanie miar zmiennosci bezrobocia z
uwzglednieniem specyfiki tych miar.

Stowa kluczowe: bezrobocie, pseudowariancja.
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Abstract: The paper presents the results of the grouping procedure applied to
voivodships in Poland with respect to areal structure of farms in 2000 and
2007. The investigation was based on EU classification of farms and the
results compared with areal structure presented in reports of the Central
Statistical Office. Dynamics of changes in individual groups was also
determined.

Keywords: areal structure of farms, voivodship grouping, level of structural
changes.

INTRODUCTION

The paper is the continuation of earlier investigations concerning areal
structure of farms in Poland [Bozek 1994, Bozek 2007,], and in particular — its
spatial differentiation within the period of 1976-2006 [Bozek 1994, Bozek 2000,
Bozek 2008, Kukuta 2005]. The results show that there is a significant
differentiation among regions within country area and this seems to be a permanent
situation. In 2006 there were 5 groups of voivodships with similar areal structure of
farms and high dispersion between groups. [Bozek 2008]. At the same time, one
must remember that the research was based on the structure consisting of the
following areal intervals:1-2 h, 2-5 h, 5-10 h, 10-15 h, 15-20 h, 20-30 h, 30-50 h,
50-100 h and 100 h and more. Classification of farms in EU terminology is as
follows: very small:— up to 5 h, small — 5-10 h, average — small — 10-20 h, average
large — 20-30 h, large 30-50 h and very large — above 50 h. One can easily notice
that the two structures are different. Because of the fact that the change of structure
elements will produce new grouping results [Bozek 1994, Wysocki 1989], the
question arises what spatial differentiation of agrarian structure in Poland is like if
we take into account farm classification according to the one of EU.
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The grouping procedure carried out in the paper concern the data covering
the period of 2000 and 2007. The results, obtained as the consequence of
application of some chosen taxonomic methods, show regional differentiation of
areal structure of Polish agriculture within the period of 2000 — 2006 with its
spatial changes and allow for determination of dynamics and direction of changes.
They also form the basis for estimation whether the regional differences in areal
structure increase or decrease.

INVESTIGATION METHOD

The analysis was conducted on the basis of the data obtained from the
Central Statistical Office, concerning the number of farms of the area more than
one hectare of arable land in Poland in 2000 and 2007 for voivodships.

The classification of objects (voivodships) into groups of similar structure
was carried out by vector elimination method [Chomatowski, Sokotowski, 1978]
and then best choice method [Wysocki, Wagner, 1989]. The measure of structures
differentiation between the two objects i, j was adopted from Kukula [Kukuta
19891]:

k
Z‘ail _ajl‘
£; = ”# (ij=1, ..., k) (1)

where a; - share of number of farms from areal group / in the total number of

farms in voivodship i.
In order to establish the level of differentiation between typological groups
average differentiation measures between groups were calculated [Nowak 1990].
The formula applied to estimate the degree of changes that had taken place
within the period from ¢ — 7 to ¢ was as follows: [Kukuta 1989]:

I

Z ey — a(tfr)k

Ve = 5 )

where « is the structure of shares investigated in time ¢=0,,...,n, consisting from r

elements, i.e.. the matrix is given [atk ](t:O,l,”.,n; kel

The measure (2) takes values from the interval [0;1]. Its high value
indicates that the changes that had taken place within the period ¢ — 7 to f are
significant. In particular, v,, can be applied to compare the structure from the zero

period (¢ = 0) with the structure from the end period (¢ = 7).
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RESULTS

The average differentiation of areal structure between vovodships in 2000
reached the level of §=0,2504 and in 2007 decreased to =0,2310. Application

of methods described in previous section to the data from 2007 resulted in
classification into four groups of voivodships (table 1), which at the same time
means that in Poland in 2007 there were four types of areal structure of farms with
significant differences between each two of them. The important fact is that the
fourth group consists only from one voivodship - lubelskie.

Table 1. Groups of voivodships with similar areal structure of farms in Poland in 2007.

Farms with arable land of the area [in hectares]
Voivodship groups | 1-5 | 5-10 | 10-20 | 20-30 | 30-50 |50 and more
in %
1
todzkie
mazowieckie
lubuskie
wielkopolskie 47.6 23,9 17,8 5,0 3,3 2,3
dolno$laskie
opolskie
kujawsko-pomorskie
pomorskie
11
matopolskie
$laskie 78,5 15,8 4,3 0,8 0,4 0,3
podkarpackie
Swigtokrzyskie
111
podlaskie . 345 | 198 | 247 | 100 | 66 43
zachodniopomorskie
warminsko-mazurskie
v
Lubelskic 55,6 27,7 12,4 2,5 1,3 0,5
POLAND 574 22,2 13,5 3,6 2,1 1,2

Source: Own calulations

This grouping differs from the one carried out for nine element structure,
the results of which are shown in table 2 and figure 1. The difference is in group
size. However, if we compare composition of groups it turns out that the two
grouping have very much in common. In both cases voivodships of south east
Poland form one group (II). In both grouping lubelskie voivodship forms one
group. The differences concern only three vovodships: zachodnio-pomorskie,
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lubuskie and todzkie. It is a consequence of the fact that these voivodships differ
significantly from other voivodships from the groups they belong in grouping of
six element structure regarding shares of farms of the area up to 10 hectares and
therefore in grouping of nine element structure they are assigned to different
groups. Lubuskie and t6dzkie voivodships constitute a seperate group (IV) while
zachodnio-pomorskie vovodship belongs to the largest — first — group.

Fig. 1. Groups of voivodships of similar areal structure of farms in 2006

achodniopomorskig

Dolnoslagkie

Source: own investigations.

Table 2. Areal structure of farms in distinguished groups of voivodships in Poland in 2006

Farms of the area of arable land in hectares

Voivodship 1 S5 10 [10-15]1520 [20-30 [30-50 [50-100 [~100
groups

W %
Group T 201 58 P26 125 |64 57 P61 2
Group TI 344 a1 61 B1 o o7 s 2 o

Group III 13,0 (17,5 21,3 |17,2 [11,4 10,2 5,9 2,4 0,9
Group IV 142 26,3 34,2 |142 4,6 3,1 1,6 1,3 0,8
Group V 17,7 38,1 28,1 9,2 ]3,1 2,4 1,0 0.4 0,1
Source: [Bozek 2008]
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Another task that should be taken into account is to determine whether the
classification is stabile in time. In order to answer this question the grouping
procedure was carried out for the data from 2000. It turns out that composition of
groups is almost the same as in 2007. The exception is zachodniopomorskie
voivodship, that in 2000 was in group I and in 2007 — in group II1.

This was the result of significant changes that had taken place in the
structure of this voivodship, due to which it became closer the structure of
voivodships from group III. Zachodniopomorskie voivodship is the second — with
respect to the degree of changes within the period being investigated, which is
reflected in the level of measure of structural changes (table 3). The largest changes
were observed in lubuskie voivodship (0,113), then zachodniopomorskie (0,088),
warminsko-mazurskie (0,083), podlaskie (0,082) and opolskie (0,076).

Tab.3. Measure of structural changes v, 500 in individual voivodships

Voivodship V2007,2000
Lubuskie 0,113
Zachodniopomorskie 0,088
'Warminsko-mazurskie 0,083
podlaskie 0,082
Opolskie 0,076
mazowieckie 0,056
Pomorskie 0,054
dolnos$laskie 0,052
kujawsko-pomorskie 0,040
todzkie 0,040
wielkopolskie 0,027
Lubelskie 0,026
swigtokrzyskie 0,022
Slaskie 0,018
Matopolskie 0,012
podkarpackie 0,011
POLSKA 0,024

Source: [Bozek 2008] and own calculations

According to the definition (2) the coefficients show that the total changes
(differences in absolute values) in the structure of these voivodships are oscillating
from 22,6 (lubuskie) to 15,2 pp. (opolskie). The lowest rate is observed in case of
podkarpackie, matopolskie, $laskie and swigtokrzyskie voivodship, where the total
changes do not exceed 5 pp. Comparison of structure of groups obtained in
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grouping procedure in 2000 and 2007 (table 4) show some trends that are
characteristic for agrarian structure in Poland.

Table 4. Areal structure in distinguished groups in 2000 and 2007.

Group 1-5h 5-10h 10-20h | 20-30h | 30-50h | More than 50 h

I |2000| 446 24,4 20,3 5,8 2,8 2,1
2007] 47,6 23,9 17,8 5 3,3 2,3

II (2000 792 16,2 3,5 0,4 0,5 0,2
2007 78,5 15,8 4,3 0,8 0,4 0,3

mr |2000 26,3 22,4 32,5 11,1 5 2,6
2007 34,5 19,8 24,7 10 6,6 4,3

IV (2000 54,1 29,9 12,8 2,3 0,7 0,2
2007] 55,6 27,7 12,4 2,5 1,3 0,5

Source: own investigations

In group I the share of very small farms increased (from 44,6 to 47,6%) as

well as large and very large (in total from 4,9 to 5,6%), while the share of small
farms and average farms decreased (from 24,4 to 23,9% in total from 26,1 to
22,8% respectively).

In group II the changes were negligible — small drop of shares of very

small and small farms and increase of shares of other areal classes. The largest
changes had taken place in group III — significant increase of shares of very small
farms (from 26,3 to 34,5%) and large and very large (in total from 7,6 to 10,9%)
and decrease in other areal classes.

CONCLUSIONS

1.

In Poland in 2007 there were four groups of voivodships with respect to
similarity of areal structure of farms (according to EU classification of
farms)). Such division maintains from 2000 (except for one voivodship -
zachodniopomorskie, which within the period being investigated due to
significant changes in structure changed its membership). Therefore,
regional differentiation has a permanent character.

The largest number of small and very small farms can be observed in the
group of south east vovodships, i.e.: matopolskie, $laskie, podkarpackie
and $wigtokrzyskie, where very small farms constitute 78,5% of total
number and small farms — 15,8%. Farms of the areca above 10 hectares
constitute a very small percentage (5,8%). In this group the structure
changed very little — there had been very slow decrease of shares of small
and very small farms and increase in other areal classes..

The lowest number of very smal land small farms occurs in podlaskie,
zachodnio-pomorskie and warminsko-mazurskie voivodship, where they
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constitute 34,5% and 19,8% respectively. Average farms compose 34,7%
Chile large and very large farms hale shares equal to 10,9%. In this group
the rate of changes is at the highest level — significant increase of shares of
very small farms (from 26,3 to 34,5%) as well as large and very large
farms (in total from 7,6 to 10,9%) and decrease in other areal classes.

4. Other voivodships (except for lubelskie) compose the largest group. These
are: todzkie, mazowieckie, lubuskie, wielkopolskie, dolnoslaskie, opolskie,
kujawsko-pomorskie i pomorskie. Unlike other groups the percentages of
very small and small farms achieve 47,6% and 23,9% respectively. In his
group the percentage of average farms is higher than in other groups —
22,8%, while large and very large farms constitute 5,6%. The changes that
take place in this group have the same direction as in group III, but the rate
of changes is lower.
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Taksonomiczna analiza struktury obszarowej gospodarstw rolnych
w Polsce w okresie 2000-2007

Streszczenie: W pracy przedstawiono wyniki grupowania wojewodztw ze
wzgledu na podobienstwo struktury obszarowej gospodarstw rolnych w roku
2000 i 2007. Przyjeto strukture zgodna z klasyfikacja gospodarstw w UE i
porownano z wynikami dla struktury podawanej w publikacjach GUS.
Okreslono tendencje przemian w wyodrebnionych grupach.

Stowa kluczowe: struktura obszarowa gospodarstw rolnych, grupowanie
wojewddztw, stopien zmian strukturalnych
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Streszczenie: W artykule przedstawiono probeg oszacowania tacznej produk-
tywnos$ci czynnikéw produkcji (TFP) wedtug dziatow sekcji ,,przetworstwo”,
oraz okreslenia czynnikéw determinujacych jej ksztalttowanie. Do oszacowa-
nia warto$ci TFP zastosowano dwie alternatywne metody, bazujace na funk-
cji produkcji Cobba—Douglasa. Nastgpnie skonstruowano i oszacowano dy-
namiczny model panelowy, opisujacy ksztaltowanie si¢ TFP w dziatach.
Zmienng objasniang byly wartosci oszacowane w pierwszym etapie analizy.
Do estymacji zastosowano metody bazujace na GMM.

Stowa kluczowe: dynamiczny model panelowy, funkcja produkcji, taczna
produktywno$¢ czynnikéw produkcji (TFP), systemowy estymator GMM.

WSTEP

Laczna produktywno$¢ czynnikéw produkceji (TFP) jest definiowana jako
produkt, ktéry moze by¢ wytworzony z jednostkowych naktadéw czynnikdéw pro-
dukcji. Wzrost TFP jest sposobem oceny zmian efektywnosci procesu produkcyj-
nego, wynikajacych z postepu technicznego.

Zasadniczym celem referatu jest okreslenie czynnikdéw, ktore determinuja
ksztaltowanie si¢ TFP w dziatach sekcji D ,,przetworstwo” w Polsce. Ze w wzgle-
du na niemierzalno$§¢ TFP, wstgpnym zadaniem jest oszacowanie wartosci tej
zmiennej. W prezentowanym badaniu zastosowano dwie metody, bazujace na
funkcji produkcji Cobba — Douglasa, r6zniace si¢ sposobem oszacowania elastycz-
no$ci produkcji wzgledem naktadow pracy. Jako narzedzia analizy zastosowano

! Praca naukowa finansowana ze $rodkéw na nauke w latach 2007-2009, jako projekt ba-
dawczy nr N111 0938 33
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modele panelowe: model z heteroskedastyczno$cia grupowa, oraz model dyna-
miczny.

METODOLOGIA

Modele panelowe sa szacowane na podstawie danych przekrojowo — czaso-
wych, w ktorych liczba obserwowanych obiektow N przekracza, niekiedy znacznie,
liczbg punktow w czasie 7. Cecha charakterystyczna ich konstrukcji jest wyrdznie-
nie efektu grupowego, stalego w czasie, specyficznego dla danego obiektu®. Dy-
namiczny model panelowy ma postac:

T
Ya =0+ tx B+ (o + ) (D

dlai=1,....,N, t=1,....,T. Opozniona zmienna objasniana jest skorelowana
ze stalymi w czasie efektami grupowymi o, co powoduje, ze metody stosowane do
estymacji statycznych modeli panelowych nie moga by¢ stosowane do estymacji
modelu (1), gdyz estymatory te bylyby niezgodne i obciazone. W literaturze pro-
ponuje si¢ alternatywne metody estymacji panelowych modeli dynamicznych. Ich
przeglad znalez¢ mozna np. w [Baltagi 2008], [Hsiao 2003]. Metody te bazuja na
Metodzie Zmiennych Instrumentalnych, Metodzie Najwickszej Wiarygodnosci lub
Uogolnionej Metodzie Momentow (GMM). Zaleta GMM jest migdzy innymi moz-
liwos¢ uwzglednienia alternatywnych zalozen odnosénie korelacji zmiennych obja-
sniajacych (elementéw wektora x;, modelu (1)) ze skladnikiem losowym g;. W
szczegolnosci dopuszczona moze by¢ endogeniczno$é zmiennych x;, (wszystkich,
lub czgsci z nich), to znaczy ich skorelowanie z warto$ciami sktadnika losowego:
biezaca €; 1 opdznionymi g;,., lub slaba egzogeniczno$¢ zmiennych x;, to znaczy
ich korelacja z warto$ciami g; ... Pozostate metody zaktadaja $cista egzogenicznosc¢
zmiennych X;;, to znaczy brak korelacji tych zmiennych z g, €; .5, 1 & s+s.

Do estymacji modelu ksztaltowania si¢ tacznej produktywnosci czynnikéw
produkcji (TFP), prezentowanego w niniejszym referacie zastosowano dwie, alter-
natywne metody: GMM pierwszych roznic (FDGMM) przedstawiona w [Arellano,
Bond 1991], oraz systemowa GMM (SGMM) [Blundell, Bond 1998]. Ponizej
przedstawiona jest zasadnicza idea tych metod.

Zastosowanie FDGMM wymaga przyjecia zlozenia, ze sktadnik losowy g; w
rownaniu (1) nie wykazuje autokorelacji. W celu usunigcia efektow grupowych o;
oblicza sig pierwsze réznice modelu (1). W tak powstatym modelu, postaci:

T _.T
Vie = Viaet =YWipm1 = Vig2) + (X5 =X B+ (€ —€;4-1) @)

2 Mozna tez wyodrebni¢ dodatkowo trzecia sktadowa, stata wzgledem obiektow, zwana
efektem czasowym.
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zmienne objasniajace zastepuje si¢ instrumentami, ktérymi sa opdznione poziomy
zmiennych stabo egzogenicznych i endogenicznych, oraz pierwsze réznice zmien-
nych egzogenicznych. Estymator, uzyskany przy zastosowaniu GMM z wykorzy-
staniem wskazanych powyzej instrumentéw zaproponowano w [Arellano, Bond
1991]. Nosi on nazwg estymatora GMM pierwszych réznic (ang. first—differenced
GMM, FDGMM).

Estymatory FDGMM moga by¢ silnie obciazone w przypadku, kiedy opoz-
nione poziomy zmiennych sa stabymi instrumentami dla zmiennych zréznicowa-
nych. W takich przypadkach lepsze rezultaty daje stosowanie systemowego esty-
matora GMM (ang. system GMM, SGMM) [Blundell, Bond 1998]. Zasadnicza idea
SGMM polega na oszacowaniu systemu réwnan: modelu (2) i modelu (1), a wigc
przyrostéw i poziomoéw tego samego modelu. Dla rownan na przyrostach postgpo-
wanie jest identyczne, jak w przypadku FDGMM. Natomiast w réwnaniach na
poziomach, instrumentami dla z géry ustalonych i endogenicznych zmiennych
objasniajacych sa opodznione pierwsze réznice odpowiednich zmiennych. Instru-
menty te sa wlasciwe, przy zalozeniu, Ze g, nie wykazuje autokorelacji oraz ze
prawdziwe sa warunki poczatkowe, postaci: E(a;Ay;,)=0 dlai=1,...,N.

Oceny jako$ci modelu oszacowanego FDGMM lub SGMM dokona¢ mozna
na podstawie testu autokorelacji Arellano - Bonda, lub testu Sargana (por. [Arella-
no, Bond 1991]). W czg$ci empirycznej niniejszego referatu stosowany jest jedynie
pierwszy z nich, gdyz obliczane sa odporne bledy szacunku parametrow, a wow-
czas rozktad statystyki testu Sargana nie jest znany. Hipoteza zerowa testu Arella-
no - Bonda glosi, ze w modelu pierwszych réznic (2) nie wystgpuje autokorelacja
sktadnika losowego drugiego rzedu’, co oznacza, ze warunki momentéw sa spel-
nione, a wigc zastosowane instrumenty sa wlasciwe.

Dodatkowa mozliwo$¢ sprawdzenia, czy oceny parametrow uzyskane na
podstawie FDGMM lub SGMM sa nieobciazone daje porownanie ich z ocenami
wyznaczonymi na podstawie estymatora wewnatrzgrupowego (WG) i1 estymatora
KMNK modelu pooled®. [Nickell 1981] wykazat, ze estymator WG parametru
autoregresyjnego vy jest, przy ustalonym 7, obciazony w dot, a estymator KMNK
jest obciazony w gore (np. [Hsiao 2003]). Wartos¢ zgodnego estymatora parametru
Y powinna zawiera¢ si¢ zatem pomigdzy warto§ciami tych dwoch estymatorow.

3 Wystepowanie w modelu (2) autokorelacji pierwszego rzedu jest zjawiskiem spodziewa-
nym, gdyz jesli g; sa niezalezne, to ich pierwsze rdznice sa skorelowane rzgdu 1.

* Estymator wewnatrzgrupowy jest stosowany do szacowania modeli statycznych, w kto-
rych efekty grupowe o; sa nielosowe (modeli FEM). Model pooled to model szacowany na
podstawie danych panelowych, w ktorym jednak nie wyrdznia si¢ efektow grupowych ani
czasowych i zaktada sig, ze macierz wariancji-kowariancji sktadnika losowego jest sferycz-
na.
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OSZACOWANIE LACZNEJ PRODUKTYWNOSCI CZYNNIKOW PRO-
DUKCJI (TFP)

Jak wspomniano we wstepie, taczna produktywnos¢ czynnikdéw produkcji
(TFP) jest zmienna nieobserwowalng. Jednym ze sposobow oszacowania TFP jest
wykorzystanie funkcji produkcji. Ponizej zaprezentowane zostana wyniki, uzyska-
ne dwiema alternatywnymi metodami. Pierwsza z nich opiera si¢ na propozycji
zawartej w [ Tokarski 2008], i wymaga oszacowania parametrow funkcji wydajno-
$ci. Druga metoda opiera si¢ na zalozeniu o doskonalej konkurencji na rynkach
czynnikow produkcji i zalozeniu, ze elastyczno$¢ produkcji wzgledem naktadu
pracy jest stala w czasie, a moze si¢ r6zni¢ mi¢dzy dziatami. Zostata ona zapropo-
nowana w [Ascari, Di Cosmo 2004].

Opierajac si¢ na propozycji Tokarskiego [2008] wartosci TFP dla poszcze-
g6lnych dziatéw wyznaczono na podstawie zaleznosci:

37
h{%j = ( > Bid; + gtj + aln(%} +E;,. 3)
it i=15 it

Jest to zlogarytmowana funkcja wydajnosci pracy Cobba-Douglasa gdzie: Y
— warto$é produkcji sprzedanej w min. zt.”, L — naktady pracy (w tys. pracujacych),
K — naktady kapitatu rzeczowego (warto$¢ srodkéw trwatych brutto w min. zt.), o —
elastycznos$¢ zmiennej Y wzgledem zmiennej K, i — numer dziatu, ¢ — numer okresu.

Laczna produktywno$¢ czynnikéw produkcji (TFP) jest rowna ezB"d"Jrgt , gdzie g
— stopa postepu technicznego w sensie Hicksa, d; — zmienne zero-jedynkowe spe-
cyficzne dla dziatow (i — numer dziatu). Celem ich wprowadzenia jest dopuszcze-
nie zroznicowania TFP wedhug dzialéw, a procedura taka nosi nazwe procedury
dywersyfikacji statej®).

Model (3) oszacowano na podstawie danych z lat 1998 — 2007, pochodza-
cych z Rocznikow Statystycznych Przemystu GUS. Dotycza one 22 dziatow sekcji
D — ,przetworstwo”, oznaczonych w klasyfikacji PKD numerami 15 — 37. Do es-
tymacji parametrow modelu (3) zastosowano Uogoélniona Metodg Najmniejszych
Kwadratow (UMNK), gdyz ze wzgledu na duze zréznicowanie wydajnosci i tech-
nicznego uzbrojenia pracy mi¢dzy dzialami dopuszczono wystepowanie heteroske-
dastycznos$ci grupowe;.

Szczegdlowe wyniki estymacji nie sg tu prezentowane z braku miejsca; wy-
daja si¢ one jednak zadowalajace. Oszacowana stopa postepu technicznego w sen-
sie Hicksa wynosi ok. 4% ( g =0,0439), a elastyczno$¢ wydajnosci pracy wzgledem

> Oszacowano rowniez model, w ktorym za Y przyjeto wartos¢ dodana brutto w min. zt., ale
wyniki byty znacznie gorsze, dlatego nie sa tu prezentowane.
% por. Pindyck, Rubinfeld [1991].



62 Barbara Danska-Borsiak

technicznego uzbrojenia pracy jest rowna 0,26 (6 =0,2632). Ponadto wszystkie
zmienne sa statystycznie istotne na kazdym poziomie istotnosci, a bardzo dobre
dopasowanie modelu (R*=0,9744) pozwala uznaé, ze wartosci TFP wyznaczone na
podstawie modelu (3) sa wiarygodne.

Na podstawie wynikoéw estymacji modelu (3) oszacowano nastgpnie warto-
sci TFP w dziale i w roku ¢ wedtug wzoru:
(¥ /L)

=T @

TF. )
(K /1)

gdzie wartos¢ wykladnika w mianowniku jest ocena parametru o modelu (3).

Rysunek 1. Poréwnanie wartosci TFP (wzor (4)) i TFPac (wzor 5))
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Zrbdlo: opracowanie wlasne

Kolejnym etapem badan byta préba ponownego oszacowania TFP przy za-
stosowaniu podejscia [Ascari, Di Cosmo 2004]. Polega ono na wyznaczeniu oceny
parametru o;, bedacego elastycznoscia produkcji wzgledem naktadu pracy na pod-
stawie zaleznosci o, =w;-L;/Y;, gdzie w; jest przecigtnym wynagrodzeniem, Y; —
warto$cig produkceji sprzedanej, L; — zatrudnieniem. Wszystkie wartosci sa specy-
ficzne dla dzialow oraz stale w czasie i reprezentuja $rednie dla poszczegdlnych
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dziatéw po czasie. Jest to zgodne z przyjetymi przez autoréw zatozeniami, ze o,
jest parametrem technologicznym, ktéry nie powinien si¢ zmieni¢ w okresie obje-
tym proba, zas rynki czynnikéw produkcji charakteryzuja si¢ konkurencja dosko-
nata. Nastepnie wyznacza si¢ taczna produktywnos¢ czynnikow produkcji korzy-
stajac z zaleznoSci:

1-G., 7O
TFPac;; = Yit/(Kit OC'L%I ) (5)

gdzie @ jest oszacowang wartoscig parametru o, Metoda zawarta w [Ascari, Di

Cosmo 2004], podobnie jak w [Tokarski 2008], wykorzystuje wigc funkcje pro-
dukcji Cobba — Douglasa ze statymi efektami skali.

Wyniki otrzymane na podstawie wzoru (5) rdznig si¢ istotnie w poréwnaniu
z wynikami uzyskanymi na podstawie wzoru (4). Porownanie wartosci TFP wy-
znaczonych na podstawie wzorow (4) i (5) przedstawiono na rysunku 1.

Wydaje sig, ze oszacowania TFP w poszczegoélnych dziatach, uzyskane na
podstawie wzoru (5) nie sa poprawne. Znacznie bardziej prawdopodobne jest, ze
srednie wartosci TFP w dziatach rozkladaja si¢ tak, jak uzyskane na podstawie
wzoru (4). Intuicyjnie, efekty postepu technicznego powinny by¢ bardziej widocz-
ne w dynamicznie rozwijajacych si¢ dzialach zwigzanych z produkcja sprzgtu
komputerowego (30), telekomunikacyjnego (32) czy samochodowego (34), niz w
dziatach zwiazanych z wtokiennictwem (17), optyka (33) czy pozostaltym sprzetem
transportowym (35). Dlatego zmienna objasniana w modelu ksztaltowania si¢ tacz-
nej produktywnosci czynnikéw produkcji bedzie zmienna TFP wyznaczona ze
wzoru (4).

MODEL KSZTALTOWANIA SIE EACZNEJ PRODUKTYWNOSCI
CZYNNIKOW PRODUKCII

Po oszacowaniu wartosci TFP podjeto probg skonstruowania i oszacowania
modelu ekonometrycznego, opisujacego ksztattowanie si¢ tej zmiennej wedlug
dzialow. W zwiazku z niedostgpnoscia czeéci danych, dotyczacych dziatalnosci
badawczo — rozwojowej (brak danych o naktadach i zatrudnieniu dla dziatéw 16,
18, 19, 21, 37) oraz danych o imporcie i eksporcie dla wszystkich dziatow w latach
1998 — 1999, zdecydowano sig¢ zawgzi¢ probg. Analiza ksztattowania si¢ TFP
przeprowadzona zostala na podstawie danych dla 18 dzialéw (=15, 17, 20,
22,...,36) z lat 2000-2007.

Na podstawie opracowan o charakterze teoretycznym i empirycznym, zna-
nych z literatury $wiatowej’, wytypowano czynniki, mogace wptywa¢ na poziom
TFP. Sa to: kapitat ludzki, kapitat fizyczny, naktady na dziatalno§¢ badawczo —
rozwojowa (BiR), transfer technologii, dokonujacy si¢ poprzez handel migdzyna-

7 por. Cameron [2006], Griffith i in. [2003], Coe i in. [1995], Acharya i in. [2007]
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rodowy. Oszacowano kilkanascie modeli, w ktorych zmiennymi objasniajacymi

byly nastgpujace, alternatywne miary wymienionych powyzej czynnikow:

— dla okreslenia kapitalu ludzkiego: hk — stosunek liczby zatrudnionych na sta-
nowiskach nierobotniczych do liczby zatrudnionych ogétem, zbrip — stosunek
liczby zatrudnionych w dziatalno$ci BiR do liczby pracujacych ogotem;

— dla okreslenia kapitatu fizycznego: stbh — warto$¢ srodkéw trwatych brutto na
jedna przepracowang godzing w zl/godz.;

— dla okreslenia wptywu transferu technologii: imps — stosunek warto$ci importu
do warto$ci produkcji sprzedanej, ekps — stosunek wartosci eksportu do warto-
$ci produkc;ji sprzedane;;

— dla okreslenia wptywu dziatalnosci badawczo — rozwojowej: brinw — stosunek
naktadow na BiR do naktadow inwestycyjnych.

Wymienione powyzej zmienne wprowadzane byty do modelu albo jako war-
tosci biezace, albo opdznione o 1 lub 2 okresy. Dodatkowo konieczne okazalo sig
wprowadzenie zmiennych zero-jedynkowych, ktore dla kolejnych lat proby ozna-
czono symbolami 700, r01,...,r07. Ostateczna posta¢ modelu, ktéry charakteryzo-
wat si¢ najlepszymi wlasnosciami merytoryczno — statystycznymi jest nastgpujaca:

In(TFF;) = oy + Y In(TFE, ; ;) + B, In(hk;, ) + B, In(brinw, ,_»)+
+B; In(stbh;, ) + +B In(imps; ;) + ) 6)
+B5r02+Ber03 +P7r05 +¢,,

Do estymacji modelu (6) stosowane byly FDGMM i SGMM, przy czym
przyjmowane byty alternatywne zatozenia o korelacji zmiennych objasniajacych ze
sktadnikiem losowym. Ostatecznie uznano, ze najlepsza metoda estymacji modelu
(6) jest SGMM z zalozeniem endogeniczno$ci zmiennych stbh 1 hk. Wlasciwosc¢
instrumentow stwierdzono testem autokorelacji Arellano-Bonda. Ponadto ocena
parametru autoregresyjnego (0,673) zawiera si¢ pomiedzy ocena WG (0,505) a
oceng KMNK (0,9342), co dodatkowo $wiadczy o zgodnosci estymatora.

Najsilniejszy wplyw na wzrost TFP wywiera wzrost kapitalu ludzkiego (ela-
stycznos¢ 0,22%). Bardzo znaczacy jest rowniez wptyw transferu technologii na
TFP, dokonujacy si¢ poprzez wymiang migdzynarodowa. Elastyczno$¢ zmiennej
imps wzgledem TFP wynosi 0,12%. Nieco mniejsza jest sita wptywu kapitatu fi-
zycznego (elastyczno$¢ 0,05%) 1 naktadow na BiR (elastyczno$¢ 0,03%). Oddzia-
lywanie transferu technologii i nakladow na BiR jest odroczone w czasie, przy
czym dtugo$¢ tego opdznienia wynosi jeden rok w przypadku zmiennej imps, a w
przypadku zmiennej brinw — nawet 2 lata. Wysoka warto§¢ oceny parametru auto-
regresyjnego modelu (6), rowna 0,673, $wiadczy o stabilnos$ci tacznej produktyw-
nosci czynnikow produkceji w dziatach.
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ZAKONCZENIE

Uzyskane wyniki wskazuja na duze zréznicowanie TFP migdzy dziatami,
przy czym nie stwierdzono tendencji do wyré6wnywania si¢ tych réznic. Wykazano,
ze istotny wptyw na ksztattowanie si¢ TFP wywiera kapitat fizyczny, kapitat ludz-
ki, transfer technologii i naktady na dziatalno$¢ badawczo-rozwojowa.
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Estimating and modeling of TFP in the Polish industry. Panel data
analysis

Summary: The paper attempts to estimate total factor productivity (TFP) for
sectors included in section ,,manufacturing”, and then to determine factors in-
fluencing it. Two alternative methods, based on the Cobb-Douglas produc-
tion function were applied. The final step was construction and estimation of
dynamic panel data model, describing TFP formation by sector. The ex-
plained variable was TFP, which values were estimated in the first step.
GMM-based methods were used for estimation of the model.

Keywords: dynamic panel data model, production function, total factor pro-
ductivity (TFP), system GMM estimator
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Abstract. A large package of information is being reflected in stock prices
during a short period after opening. Moreover, the start-of-the-day (morning)
volatility has a strong impact on the price variability during all the day. In
this connection, the question is whether the morning realized variance calcu-
lated as the sum of morning squared intraday returns can be useful in fore-
casting the daily realized variance (end-of-the-day volatility). In the paper,
we apply three different methods of forecasting the daily realized variance
for stocks quoted on the Warsaw Stock Exchange Our findings show that the
morning realized variance provides valuable information that can be used in
forecasting the daily realized variance.

Keywords: realized volatility, forecasts, ARFIMA, unobserved component
model

INTRODUCTION

The accurate measurement, estimation and forecasting of stock market vola-
tility is a crucial task in portfolio management, asset pricing (especially, derivatives
pricing) and risk management. The most popular definition used in quantitative
finance is that the price volatility is the variance of return conditional on the infor-
mation available a period earlier. Thus, volatility is an unobservable variable and
its measurement depends on a model. The most common approach to model the
stock market volatility is to use a model from the GARCH family [Tsay 2002].
Another possible method is to calculate the so-called implied volatility [Poon

" This work was financed from the Polish science budget resources in the years 2007-2010
as the research project NN 111 1256 33.
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2005]. The daily realized volatility or the realized variance, proposed by Andersen
and Bollerslev [1998], is calculated as a sum of squared intraday returns from the
day.

The intraday returns coming from different part of the day give different in-
put into the daily realized variance. A very large package of information is being
reflected in prices during a short period after opening the stock. Therefore, the
start-of-the-day (morning) volatility has a strong impact on the return dynamics
during all the day. In this connection, the question arises of whether the morning
realized variance can be useful in forecasting the daily realized variance (end-of-
the-day volatility).

The aim of the presented research is to assess to what extent the intraday da-
ta from the beginning of the day can explain and predict the end-of-the-day volati-
lity. We use the realized variance as a volatility measure and show that the realized
variance calculated for first few hours of the trading day (MORNING realized va-
riance) is a useful predictor of the daily volatility. The idea of our approach is
slightly similar to the one presented in [Frijns and Margaritis 2008] though the
applied way of describing the realized variance dynamics is different. We apply 3
methods of forecasting the daily realized variance of the stock returns. They inclu-
de a direct modeling as an ARFIMA process, as an ARFIMA process with MOR-
NING realized variance as an additional explanatory variable, and by using an
unobserved component model. The analysis is performed for four chosen stocks
from the Warsaw Stock Exchange (AGORA, TVN, BZWBK and PEKAO). Our
results show that the daily volatility forecasts based on the morning realized va-
riance can be a useful tool in short term investments.

REALIZED VARIANCE AND MARKET MICROSTRUCTURE
EFFECTS

In this paper we consider logarithmic percentage returns

R =100(InP -1InP_)), )

where P is the closing price on trading day .

2
The daily volatility O/ of a financial instrument is defined as the conditional
variance of its daily return given the set of information Q. available on day ! -1 ,
1.€.

ol =E(R -ER,1Q,))*12Q,.) )

Thus the volatility is an unobservable variable and (assuming that the condi-
tional mean of a daily return equals zero) the square of a daily return is an unbiased
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estimator of it. However, there exist many empirical findings showing that this
estimator is very noisy [Andersen and Bollerslev 1998].

In their paper devoted to forecasting abilities of GARCH models, Andersen
and Bollerslev [1998] proposed another estimator of daily volatility: the sum of
squared intraday returns, and called it the realized volatility (variance). We denote

the daily realized variance by 5[2,3 4r]. - Thus when we consider D+1 intraday quo-
tations, p, ,, d=0,1,...,D, wehave

D
~2 _ 2
Otparye = 27, » (3

td
d=0

where #,, =100(Inp, , —Inp, , ), p,,is the opening price, and p, , = p,_, , is

the closing price on the day before.
THE MODELS

The realized volatility exhibits long memory and this phenomenon suggests
a possibility of describing the realized volatility dynamics by using ARFIMA mod-
els [Granger and Joyeux 1980, Hosking 1981].

An ARFIMA process x, may be defined by
a(LY1-L)" (x, - ) = ﬁ(L)gz’ (4)

where &, is a white noise process, &(L)and B(L) are the lag polynomials of

order p (autoregressive) and q (moving average), respectively, and (l—L)dis a
fractional differencing operator defined by the binomial expansion. If | d |< 0.5 and

a(L)

the roots of and (L) lie outside the unit circle, the process Y is stationary

and invertible. For 0 <d <0.5, x, displays long memory property. ARFIMA

models are the most common way of modeling and forecasting the daily realized
volatility [Koopman et al. 2005, Doman 2006]. It is possible to extend the ARFI-
MA model by introducing additional explanatory variables into the model equ-
ation. In this case, the constant & in (4) is replaced by

M =1+ Zci'xi,t
i=1 . (5)

The idea of modeling the realized volatility by unobserved component (UC)

models comes from the results of Barndorff-Nielsen and Shephard [2002]. They

studied the statistical properties of the volatility estimate error, O't2 - ON't2 , where
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53 is the estimator of the realized volatility based on intraday returns, and sug-
gested modeling the spot volatility as some continuous-time stochastic process,
more precisely, as a sum of independent Ornstein-Uhlenbeck processes. According
to their results, in such a situation the actual volatility corresponding to day inte-
rvals can be modeled as the sum of ARMA(1,1) processes.

Following Koopman et al. [2005], we use only one ARMA(1,1) process and
the specification of a UC model given by the equations

2 2

o =0+t y - N(0,0%). 6)

t

2 _ 2
o, =u+ ¢(O-l—l ﬂ)+ 6771—1 +7, n, ~ N(O’ O-’?) 7
The estimated parameters are 4, ¢, @ and O'j . The variation of the error

M is fixed. The model equations (6) and (7) can be represented in the state-space
form, and parameter estimates as well as one-day- ahead volatility forecasts can be
obtained by application of the Kalman filter [Durbin and Koopman 2002].

THE DATA

Our data set includes the intraday quotations of four companies listed on the
Warsaw Stock Exchange. These are two media companies: AGORA and TVN, and
two banks: BZWBK and PEKAO. The period under scrutiny is from June 1, 2005
to August 22, 2008. It is divided into the in-sample period (761 days) and the out-
of sample period (50 days) for which the realized variance forecasts are calculated.

The realized variance is based on 5-minute returns. We consider the daily re-
alized variance (DAY) and the MORNING realized variance corresponding to the
period from the opening to 11:00. The MORNING realized variance is in average
about 0.3 of the daily realized variance in each case. The plots in Figure 1 show the
general impression of the dynamics of the considered realized variances.

Figure 1. AGORA. The daily and morning realized variances.
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EMPIRICAL RESULTS

To answer the question about the usefulness of the morning volatility in pre-
diction of all the day volatility, we applied 3 methods of modeling and forecasting
the daily realized variance for the investigated stock returns. Besides the most com-
mon approach of modeling the daily realized variance as an ARFIMA process, we
propose also to consider the ARFIMA process with the MORNING realized va-
riance as an additional explanatory variable. The third of the considered possibili-
ties is to use unobserved component models described in section 3.

It is a known phenomenon that the realized variance exhibits long memory
[Andersen at al. 2001]. This effect is confirmed by our results. When considering
ARFIMA models, the estimates of parameter d have values about 0.2 and all are
significant (Table 2). The interesting observation is that, except the case of
BZWBK, there is no ARMA part in the fitted models.

Table 1. Parameters estimates of fitted ARFIMA model

Parameters | AGORA |BZWBK | PEKAO | TVN
a, 1.8420 7.9670 |4.1132 |1.9007
(0.0795) |(1.1218) | (0.3405) | (0.4540)
d 0.1673 0.1346 |0.1939 |0.2009
(0.01485) | (0.0574) |(0.0295) | (0.0162)
a, 0.6099
(0.1812)
b, 0.4875
(0.1937)

Source: Own calculation.

Table 2. Parameters estimates of fitted ARFIMA model with additional explanatory varia-
ble MORNING

Parameters AGORA | BZWBK | PEKAO | TVN
4 0.6533 |3.3245 |2.2905 |1.8763
0 (0.1299) | (0.8809) | (0.2455) | (0.3270)
d 0.1461 |0.2091 |0.1719 |0.1204
(0.0133) | (0.0536) | (0.0226) | (0.0189)
4 0.8820 |-0.0051 |0.0797
! (0.1069) | (0.0424) | (0.0469)
b 0.9081
! (0.0789)
1.1522 [1.2967 |1.1839 |1.3159
G (0.1012) | (0.0788) | (0.0623) | (0.0554)

Source: Own calculation.

Introducing into the ARFIMA model equation the additional explanatory va-
riable MORNING, results in lowering the estimate of d (except BZWBK). The
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estimates of parameter ¢, are significant implying the importance of information

contained in MORNING for the explanation of the daily realized variance dynam-
ics (Table 3).

Although our earlier results [Doman and Doman 2004 ] show that UC models
can be very useful in predicting the daily realized variance, the estimation results
presented in Table 4 are not very impressive. It seems from the estimates of the
variance parameters that this time the UC model turned out to not be so successful
in capturing the realized variance dynamics.

Table 3. Parameters estimates of fitted UC models.

Parameters | AGORA BZWBK PEKAO TVN
U 9.4329 13.0234 7.9647 10.7288
(1.1134) (0.7403) (0.5654) (1.2803)
P 0.9912 0.7703 0.8392 0.9000
(0.0523) (0.0582) (0.0487) (0.0305)
0 -0.6685 -0.4057 -0.5013 -0.6466
(0.0903) (0.0933) (0.0885) (0.0576)
o2 15.834 18.676 5.6360 22.126
u 7.0362 35.634|12.676 27.517|3.4562 9.1908|13.2819 36.8590
o, 11.0 8.0 5.0 10.0

Source: Own elaboration.

Figure 2. Forecasts obtained by means of the considered models and the daily realized
variance (DAY). AGORA.
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The next step of the presented analysis is to compare the forecasting per-
formance of the considered models. In each case we calculate 50 one-day-ahead
forecasts. The most representative results are shown in Figures 3-4. Formal evalua-
tion was carried out with a set of forecast quality measures. It turned out that for all
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the considered stocks the best results were obtained mostly by means of AR-
FIMA+MORNING models.

Figure 3. Forecasts obtained by means of the considered models and the daily realized
variance (DAY). BZWBK.
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Source: Own elaboration.

The final question we aim to address is how informative each method of fo-
recasting is in relation to the other. To make these comparisons we run so-called
encompassing regressions that can test the performance of one forecasting method
against the other. These regressions take the form

~2 _ ) =2
Olpary =+ 1310-1,z|t—1 + 1620-2,1\1—1 +u, (®)

where ON'f -1 and 5'22’ [-1 are the forecasts based on two different forecasting ap-

proaches. The results of this investigation are as follows. In the case of AGORA
and TVN, the forecasts from the ARFIMA+MORNING model are more informa-
tive than that from ARFIMA. For the two analyzed banks, the results are different.
Though the variable MORNING was significant in the ARFIMA+MORNING
equation, the forecasts from this model are not more informative. The only case
where the information from ARFIMA and UC models is complementary (both
betas significant) is AGORA. For the other companies, the information contain of
the forecasts obtained by means of these two models is similar (both betas insigni-
ficant). Taking into account UC and ARFIMA+MORNING models, we find that
the results are ambiguous. For the two media companies, the information apparen-
tly is complementary. In the case of BZWBK, the forecast informativeness of AR-
FIMA+MORNING is higher but in the case of PEKAO both betas are insignifi-
cant.
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CONCLUSIONS

The presented research addresses the question of to what extent intraday data
FROM THE BEGINNING OF THE DAY CAN EXPLAIN AND PREDICT
THE END-OF-THE-DAY VOLATILITY. Using the realized variance as vola-
tility measure we show that the realized variance calculated for first few hours of
the trading day (the MORNING realized variance) is a useful predictor of the daily
volatility. To get possibility of some comparison, we apply 3 methods of foreca-
sting the daily realized variance of stock returns. These are: a commonly used
approach by a direct modeling as an ARFIMA process, by modeling as an ARFI-
MA process with the MORNING realized variance as an additional explanatory
variable, and a more sophisticated way, by a direct modeling using an unobserved
component model. The analysis is performed for four chosen stocks from the War-
saw Stock Exchange (AGORA, TVN, BZWBK and PEKAO). Our results show
that the models taking into account the morning realized variance provide the best
forecasts of the daily volatility and thus can be a useful tool in short term invest-
ments.
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Prognozowanie zmiennosci zrealizowanej na koniec dnia

Streszczenie: W krotkim okresie po otwarciu gietdy ceny akcji ksztalttowane
sa przez duzy pakiet nagromadzonych informacji, a zmienno$¢ zrealizowana
z poczatku dnia ma silny wplyw na dzienna zmienno$¢ zrealizowana. W
zwiazku z tym powstaje pytanie, czy poranna zmienno$¢ zrealizowana, wyli-
czana jako suma kwadratow §réddziennych stop zwrotu, z kilku pierwszych
godzin dnia gietldowego moze by¢ uzyteczna w prognozowaniu dziennej
zmiennosci zrealizowanej (zmiennosci na koniec dnia). W pracy stosowane
sa trzy rézne metody prognozowania dziennej zmiennoSci zrealizowanej ak-
cji notowanych na Gieldzie Papieréw Wartosciowych w Warszawie. Uzy-
skane wyniki pokazuja, ze poranna zmiennos$¢ zrealizowana moze dostarczac
informacji zwigkszajacych skuteczno$¢ prognozowania dziennej zmiennoSci
zrealizowane;.

Stowa kluczowe: zmienno$¢ zrealizowana, prognozy, ARFIMA, modele
sktadowej nieobserwowalnej
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Abstract: Quantitative methods are in frequent use in modern accounting re-
search. The evidence may be found e.g. in the journals like “Journal of Ac-
counting Research”, “European Accounting Review”, “Review of Quantita-
tive Finance and Accounting” or in the Accounting Research Network in
SSRN base. Paper presents a brief survey of research areas and statistical-
econometric approaches in accounting research. Particular reference goes to
research on corporate disclosure. Methodological component of the paper in-
cludes remarks on the use of binary response models with choice-based and
matched samples as well as comments on the sample selection approaches.

Keywords: accounting research, corporate disclosure, binary response,
choice-based samples, matched samples, sample selection.

INTRODUCTION

Paper presents the brief survey as well as some methodological remarks on
quantitative methods used in accounting research. Let us begin with the question of
“how probable is probable in accounting?”. Documents and practice of accounting
principles like IAS (International Accounting Standards) or IFRS (International
Financial Reporting Standards)' quite distinctly call for the use of probability in
delivering statements like e.g. the auditors’ opinion on some possible outcomes of
company’s activities.

Table 1 lists the various uses of the language of probability in accounting.
There are 27 shades of probability listed here: from “virtually certain” to “not
genuine”. How do we decide which of the 27 categories should be used in the
statement? It is evident that some quantitative advice on how to find the relevant

"TAS are set by International Accounting Standards Board while IFRS — by Financial Ac-
counting Standards Board. In Poland IAS are known as MSR (Migdzynarodowe Standardy
Rachunkowosci) and IFRS — as MSSF (Migdzynarodowe Standardy Sprawozdawczos$ci
Finansowej).
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probability level in a given situation might be in order. This is the example of how
the accounting research may help the practitioners. One could imagine that, given a
large number of situation of a kind, the researcher could be in the position to esti-
mate such probability with some degree of confidence.

Table 1. Various categories of probability in accounting

Description of the probability level of business event | In accounting standards
Virtually certain IAS 37.33

No realistic alternative IAS 37.10
Highly probable IFRS 5 BC82
Reasonably certain IAS 17.4
Substantially all IAS 17.8
Substantially enacted IAS 12.46
Highly effective IAS 39.88
Principally IFRS 5.6
Significant IAS 18.14 (a)
Major part IAS 17.10 (c)
Probable - more likely than not IAS 37.14 (b)
More likely IAS 39.22
Likely IAS 39 AG 40
May, but probably will not IAS 37 app. A
Reasonably possible IAS 32.92
Possible IAS 37.10
Unlikely IAS 39 AG 44
Highly unlikely IAS 40.31
Extremely unlikely IFRS 4 app. B 23
Minimal probability IFRS 4 app. B 25
Sufficiently lower IAS 17.10 B
Insignificant IAS 39.9
Remote IAS 37.28
Extremely rare IAS 1.17
Virtually none IAS34IN 6

Not genuine IAS 32.25

Source: Aktualno$ci MSSF, No. 44/2006, PriceWaterhouseCoopers

So far the “real” accounting research does not necessarily follow this path of
reasoning. The question of how to estimate the level of probability is skipped in
accounting research to more general situations like audit failure or company’s
bankruptcy. As of now, answering questions posed by Table 1 remains the chal-
lenge for the future.

Section 2 presents the scope of accounting research as evident from the lit-
erature. In Section 3 tackles on research methods. As the example of research area
Section 4 presents the subject of corporate disclosure. In Section 5 some methodo-
logical questions are raised, following a few recent papers on the use of qualitative
variables on accounting research. Section 6 concludes.
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SCOPE OF ACCOUNTING RESEARCH

Countless papers and books on accounting research make impossible to rea-
sonably survey the entire area. In this section we begin with indicating the major
]ournals covering modern accounting research. These are:

Journal of Accounting Research

— European Accounting Review

— Review of Quantitative Finance and Accounting

— The Accounting Review

— Journal of Accounting and Economics

— Journal of Applied Corporate Finance

— Accounting, Auditing & Accountability Journal

— Accounting and Finance

— Accounting, Organizations and Society

— Journal of Management Accounting Research
The journals serve as the dissemination tool of new research findings and as the
guide for the research directions.

As the representatives of the books on the topic let us mention just three
items:

— Handbook of Management Accounting Research (2007),

— Methodological Issues in Accounting Research (2006),

— Advances of Quantitative Analysis of Finance and Accounting (in 6 vol-
umes, 2004-2006).

Referring to the scope of accounting research we just quote the list of topics

summarized in “Journal of Accounting Research”. These are:
— Cost allocation
— Capital investment decisions
— Performance measurement
— Transfer pricing
— Auditor changes
— Audit failures
— Auditor independence
— Internal control assessment
— Corporate tax planning
— Impact of changes in tax laws
— Differences across jurisdictions
— Tax vs. financial reporting
— Financial disclosure
— Financial reporting quality
— Impact of accounting standards
— Impact of securities laws
— International financial reporting
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— Financial reporting of bankers

— Valuation use of accounting

— Contracting use of accounting
As we see, this is a very comprehensive list. In a sense it covers also most of the
issues considered by the research on corporate finance.

Another source showing the scope of accounting research are international
congresses of major scientific accounting societies. The evidence from annual con-
gresses of European Accounting Association, as presented in Table 2 shows the
topical distributions of papers delivered to those meetings.

Table 2. Papers presented to EAA Annual Congresses (2003-2008)

Subject area Percentage of papers
Accounting and Capital Markets 4%
Accounting Education and Research 3%
Accounting History 3%
Accounting and Information Systems 2%
Accounting and Strategy 1%
Accounting Theory 3%
Auditing 6%
Critical Perspectives on Accounting 3%
Economic Analytical Accounting 2%
Financial Analysis 3%
Finance/Financial Management 1%
Financial Accounting (capital markets) 8%
Financial Reporting 11%
Corporate Governance 8%
International Accounting 8%
Management Accounting 16%
Behavioural Aspects of Accounting 5%
Public Sector and Non-profit Accounting 7%
Social and Environmental Accounting 5%
Accounting and Taxation 2%

Source: Fiilbier and Sellhorn (2008)

The analysis of Table 2 reveals that accounting researchers in Europe major
in Management Accounting or in the Financial Reporting areas as well as in Cor-
porate Governance, International Accounting and Financial Accounting. Public
Sector and Non-profit Accounting follow the list of most popular subjects.

To summarize — research scope in accounting is broad. It seems that the
common questions in accounting research are directed to general problems, ready
to tackle as a kind of average of the group of events or companies. What is more
difficult remains unresolved. Typical accountant or auditor makes his/her own
decision more on legal grounds than on the statistical evidence.
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RESEARCH METHODS

Table 2 presents the list of research methods in accounting as compiled by
Fiilbier and Sellhorn (2008) on the basis of papers presented to the annual con-
gresses of European Accounting Association in 2000 and 2005. It turns out that
most popular are research methods classified as “empirical archival methods”.
About 70% of papers of EAA congress in 2005 were classified into this category.

Table 3. Research methods. Papers presented to EAA Annual Congresses: 2000 and 2005
Methods 2000 | 2005

1) Empirical archival — database or archive 51% 70%

Research based on historical documents, texts, journal articles, corpo-
rate annual reports, company disclosures etc. Research mainly applies
statistical techniques to data drawn from commercial databases.

2) Empirical experiment 2% 0%
The defining feature of an experiment is that the researcher manipu-
lates one or more variables with subjects who are assigned randomly
to various groups.

3) Empirical field or case study 4% 1%
Field study and case study research is preoccupied with studying the
role and function of accounting in its natural context. The term ‘case
study’ usually implies research confined to a single unit of analysis.
‘Fieldwork’ encompasses more general studies of social activity.

4) Empirical survey 7% 6%
Researchers usually ask a random sample of individuals, companies
etc. to respond to a set of questions on a given subject.

5) Non-empirical — analytical 0% 1%
Analytical research comprises theory construction and evaluation
using formalized, mathematical models. This includes financial mod-
elling, formal game theory, agency models etc. in, among others, the
areas of auditing, financial reporting, and disclosure.

6) Non-empirical — theory 7% 6%
Every form of scientific reasoning which is non-analytical and non-
empirical. It is more “a set of tentative explanations”, which “provides
acceptable answers to interesting questions”.

7) Other 21% 10%
This category captures authors adopting multiple methods. It also
includes research methods not easily assigned to the previous catego-
ries, as well as abstracts without any clue about the method.

8) Ambiguous 9% 6%
Research method not made clear in the abstract
Total 100% | 100%

Source: European Accounting Association, Fiilbier and Sellhorn (2008)
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The detailed explanation of methods classified in Table 3 is shown inside of
the table. Methods relevant to the topic of this paper clearly belong to most popular
group 1. These are based on statistical-econometric methodology as applied to the
issues covering practically all research areas mentioned above in Section 2.

RESEARCH EXAMPLE: CORPORATE DISCLOSURE ISSUES

As an example of research founded on statistical methodology one may take
the issues of corporate disclosure. This research field in accounting is strongly
connected with corporate governance — currently being readily investigated in vari-
ous disciplines, including corporate finance, law and economics. Below we intro-
duce two research papers showing how quantitative approach may help in explain-
ing corporate disclosure issues.

COUNTRY-WIDE CORPORATE TRANSPARENCY

Bushman, Piotroski and Smith (2004) in their paper on corporate transpar-
ency explore its determinants on the basis of cross-country data. Corporate trans-
parency is understood as availability of firm-specific information to those being
outside publicly traded firms. The investigation concentrates on analyzing this
transparency on a country level as the system producing, collecting, validating and
disseminating information to market participants outside the firm.

For each of 40+ countries examined the range of measures capturing firm-
specific information environments i.e. measures of transparency has been collected.
Major index taken into account is CIFAR i.e. country-specific index created by
means of examining companies’ annual reports on the inclusion or omission of 90
items. CIFAR measures intensity of disclosure. Along with CIFAR other variables
on corporate reporting were included: DISCL measuring financial disclosures,
GOVERN for governance disclosures, MEASURE for accounting principles,
TIME for timeliness of disclosure, AUDIT for credibility of disclosures. The pri-
vate information, acquisition and communication were represented by measures
like NANALYST for average number of analysts following large firms,
POOL _INV for the average ratio of the value of pooled investment schemes to
GDP as well as the dummy variable IT ENF equal to 1 if the country enforced
insider trading laws before 1995. Information dissemination was shown by MEDIA
variable representing penetration of media channels in the economy. MEDIA was
the average rank of countries’ per capita number of newspapers and televisions as
reported by World Development Indicators.

This set of variables has been factor analysed for the data on 45 countries.
The results reveal that of the two factors isolated the first may be regarded as rep-
resenting financial transparency since it captures intensity and timeliness of finan-
cial disclosures, their interpretation and dissemination. The second factor repre-
sents governance transparency, capturing the intensity of governance disclosures
used by outside investors to hold management accountable.
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Consequent result of the Bushman, Piotroski and Smith (2004) research
shows that governance transparency factor is related to country’s legal/ judicial
regime: this transparency is higher in countries with common law legal origin and
high judicial efficiency. Financial transparency factor primarily is related to politi-
cal regime: this transparency is higher in countries with low state ownership of
enterprises, banks and low risk of state expropriation of firms’ wealth.

BRAZILIAN CORPORATE DISCLOSURE INDEX

Main issue of paper by Lopes and de Alencar (2008) is the construction of
customized Brazilian Corporate Disclosure Index (BCDI) and the investigation of
its relevance to the cost of equity. The proposed index measures disclosure across
following six dimensions:

(1) general information about the firm its market and major events over
the last year,

(i1) relations to employees and managers regarding compensation and
policies,

(iii) non-financial information about markets, sales, and products,

(iv) information about forecasts of sales, cash flows and earnings,

%) discussion and analysis of financial data including time series informa-

tion about performance and explanations of past behavior,

(vi) other information.
The final score is measured over 47 questions with binary answers being 1 for an-
swers considered to be good disclosure and 0 otherwise. Data is composed by the
panel of 50 shares with highest liquidity on Sad Paulo Stock Exchange
(BOVESPA) on December 2005. The panel consists of firm-specific observations
from the years 1998, 2000, 2002, 2004 and 2005.

Sample means of BCDI are as follows: 0.24 for 1998, 0.32 for 2000, 0.42 for
2002, 0.46 for 2004 and 0.54 for 2005. Thus, it is worth to note the increase of
BCDI over time. Authors state that “firms in Latin America are immersed in a very
poor institutional environment (...) Some firms in the region decide to voluntary
adopt better corporate governance practices in order to differentiate themselves and
access foreign sources of capital. This movement causes governance and disclosure
practices to improve on average in the region but with significant dispersion.”

In their paper Lopes and de Alencar (2008) look into the relation of BCDI
and the cost of equity capital (ks) measured as a function of firm’s earnings and the
growth in earnings. Panel data regression of ks against BCDI and control variables
shows significant negative association between disclosure and cost of equity capi-
tal. In addition, this relation is more pronounced for firms which receive less atten-
tion from analysts and have dispersed ownership structures.
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RESEARCH ON CD INDEX FOR POLAND

Research on corporate disclosure index for Poland is being conducted in
Warsaw School of Economics (Chair of Managerial Accounting and the Institute of
Econometrics). We aim at constructing the index covering country-specific disclo-
sure issues pertinent to current accounting standards and principles in Poland. Ma-
jor dimensions of the disclosure index are rooted in annual financial statement, in
the company report and in the report on external relations. These are the following
9 areas of reporting:

— Financial statement: (1) Non-material assets, (2) Financial risk, (3) Fair
value, (4) Accounting for derivatives, (5) Leasing, (6) Segments of activ-
ity, (7) Reserves

— (8) Company report

— (9) Report on external relations.

In each area the disclosures concerned the following issues are examined:

— Accounting policy

— Additional information and explanations — mandatory disclosure

— Additional information and explanations — voluntary disclosure.

The index has been constructed for a sample of 48 companies listed on War-
saw Stock Exchange, a panel covering companies’ reports for 2005, 2006 and
2007. Major elaboration went into the detailed investigation of numerous items
covered in reports. We believe that the Polish Corporate Disclosure Index (PCDI)
constructed in our research correctly grasps the quality of disclosure by Polish
companies.

At current stage the research is directed into quantitative analysis of associa-
tions between PCDI and the variables representing companies’ performance and
investors’ protection.

METHODOLOGICAL ISSUES: BINARY RESPONSE MODELS AND
SAMPLE SELECTION

Quantitative research issues in accounting are customarily connected with
sampling problems as well as with questions pertaining to modelling qualitative
variables. As in other fields, also in accounting researchers frequently do not bother
to apply all the necessary methodological rigour. Some problems pertaining to
methodology are described below.

BINARY RESPONSE MODELS

Since the seminal article by Maddala (1991) on limited-dependent and quali-
tative variables models in accounting research there have been numerous attempts
to use such models in accounting. In terms of research quality the results are
mixed.
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Ge and Whitmore (2009) reviewed more than 30 articles published in ac-
counting journals. The classic Maddala’s (1991) paper on dangers in modelling
qualitative variables in accounting research is still valid. Most of the articles re-
searched by Ge and Whitmore (2009) have ambiguities and errors in the presenta-
tion of the logistic regression model. As they point out, incorrect presentations of
the model, even in conjunction with a correct analysis, may lead to a serious misin-
terpretation of research findings.

CHOICE-BASED AND MATCHED SAMPLES

In their paper entitled “Three threats to validity of choice-based and matched
sample studies in accounting research” Cram, Karan and Stuart (2007) discuss the
dangers connected with the use of some popular non-random sampling schemes.
The authors have reviewed 73 audit research papers and pointed out that most of
them suffer from one or more errors mentioned in the article’s title.

The choice-based samples occur when groups making different choices are
sampled at different rates. In binary choice models it is typical to oversample units
with Y=1 (e.g. bankrupt companies) as opposed to those with Y=0 (non-bankrupt).

The matched samples are two samples in which the members are clearly
paired or are matched explicitly by the researcher. Another scheme is named semi-
matched — in this case there does not need to be an equal number of each outcome
collected in each stratum (e.g. industry). In accounting research we may also en-
counter the scheme called within-subjects design, e.g. study of firms’ audit fees
compared before and after some event.

Cram, Karan and Stuart (2007) indicate that since choice-based and matched
samples are not random samples, it is obvious that the statistical analyses based on
them shall not be the same as for the random samples. The three threats to validity
of the research based on choice-based and matched samples are (1,2 and 3 below
contain excerpts from the article):

1) Use of unconditional analysis, when analysis conditional upon effects of match-
ing variables is needed. Researchers believe that the selection of a matched sample
already controls for the matching variables. An unconditional analysis is per-
formed, rather than the conditional one that is justified. Failure to account for in-
dustry, size, and other matching variables may have driven incorrect findings in
many research studies. The authors’ guidance to researchers is to either avoid use
of matching, or to take the matching into account when analyzing the data. If
matching is not taken into account, by either evaluating pairwise differences, or by
including dummy variables for each matched set, then the research should not be
accepted.

2) Failure to control for effect of imperfectly matched variables. Where matching
is by “closest” size or other continuous measure, the matching is imperfect, and
there remains the possibility that case vs. control differences in this matching vari-
able could be the cause of differences in outcome, so researchers must evaluate that
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possibility and perhaps control for it. The authors advise researchers either to avoid
imperfect matching, or to perform and report sensitivity analyses on how imperfec-
tion in the matching might have influenced outcomes. A closest-matched variable
such as size can still have influence. It might be controlled for by including a linear
term. But, as size or another variable’s contribution might be non-linear, in general,
there is no fully satisfactory resolution. The researcher must make some effort to
examine the possibility that all results are driven by the omitted effect. Sensitivity
analyses including linear and quadratic terms, for example, might be performed
and discussed. Otherwise, the researcher has not established that other reported
effects are not merely the result of an omitted variable problem.

3) Failure to re-weight observations according to differing sampling rates. The
disproportionate sampling for different population strata (implicit in the choice-
based and matched sample selection) would usually necessitate weighting data by
the sampling rates in each strata, but re-weighting or other appropriate adjustment
to the analysis is often not implemented. Authors suggest that choice-based and
matched sampling should be avoided unless explicit sampling rate information can
be obtained (allowing for explicit reweighting) or unless logit regression will suf-
fice to analyze the research questions (taking advantage of the logit exemption to
the need for reweighting).

SAMPLE SELECTION APPROACHES

Final example of methods readily applied in accounting studies are selection
models. The following is based on the paper by Francis and Lennox (2008). Selec-
tivity occurs whenever observations self-select into discrete groups, resulting in
potential coefficient bias. Estimation procedures such as OLS ignore the nonran-
domness of the sample (Maddala 1991). The traditional approach to controlling for
self-selection bias is the two-step procedure developed by Heckman (1979). In the
first step the selection equation is estimated with the use of “instruments” and used
to predict inverse Mills’ ratios (IMRs) for each observation. In the second step the
IMRs are included in the outcome equation (primary model of interest) as a control
for the effects of selection.

Francis and Lennox (2008) have identified 30 papers that use selection mod-
els out of 545 empirical papers published from 2000 through 2007 in The Account-
ing Review, Journal Accounting and Economics and Journal of Accounting Re-
search.

To successfully identify selectivity, the researcher should include in the first
stage choice model at least one exogenous independent variable that has no direct
effect on the dependent variable in the second stage regression (can be validly ex-
cluded from it). Francis and Lennox (2008) point out that these “exclusion restric-
tions” are rarely recognized in the accounting literature. An absence of exclusion
restrictions can cause: (a) severe multicollinearity problems and (b) provide infer-
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ences that are extremely fragile. The economics literature argues that researchers
need to find credible and convincing exclusion restrictions.

Selection model is very sensitive to small changes in model specification
whereas OLS models are robust. Moreover, the selection model is fragile even if
the researcher imposes ad hoc exclusion restrictions that substantially reduce mul-
ticollinearity. In addition, the selection model is very sensitive to minor changes in
sample composition with results that easily flip signs across individual sample
years, whereas the OLS models are robust to such perturbations.

The empirical analysis by Francis and Lennox (2008) demonstrates how
easy it is for the selection model to provide different sets of results, all of which
lack robustness. Robustness is an attractive characteristic of an estimation proce-
dure because, in practice, empirical researchers do not typically know the correct
model specification (e.g., researchers may lack a theory for whether company size
should be controlled for using assets, sales, or both). Not only are the main results
of the selection model fragile to minor changes in specification, the signs and lev-
els of significance for the IMR coefficients are also highly sensitive. This is impor-
tant because researchers often use the significance of the IMR coefficients to judge
whether or not it is necessary to control for selectivity bias. Results illustrate the
dangers of relying on the IMR coefficients to infer whether it is necessary to esti-
mate a selection model instead of OLS.

SUMMARY

Accounting research is still to be fully discovered in the countries like Po-
land. This paper shows the topical possibilities of the accounting research. We have
indicated the research areas in accounting as well as some dangers of using statisti-
cal and econometric methodology in the studies founded on large samples.

In terms of quantitative methodology the accounting field is suitable to ap-
plying the methods of multivariate statistical analysis and microeconometrics. Pa-
per points out several questions pertaining to correct application of qualitative and
limited dependent variables models for accounting research problems.

It should be noted that accounting research is in many instances common
with the research in corporate finance. Empirical corporate finance and empirical
accounting research have joint roots. Both areas make use of financial reports, both
produce results being pertinent to accounting as well as to corporate finance.
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Metody ilosciowe w badaniach w zakresie rachunkowosci

Streszczenie: Wspoélczesne badania naukowe w rachunkowosci czesto ko-
rzystaja z podejscia iloSciowego, co mozna potwierdzi¢ w wiodacych czaso-
pismach, takich jak “Journal of Accounting Research”, “European Accoun-
ting Review”, “Review of Quantitative Finance and Accounting” lub w bazie
Accounting Research Network w serwisie SSRN. Artykut przedstawia krotki
przeglad dziedzin zastosowan metod ilo$ciowych w badaniach dotyczacych
rachunkowosci. W szczegdlnosci omowione sa przyktady dotyczace tematyki
ujawnien. Uwagi natury metodycznej dotycza wykorzystania modeli zmien-
nych dwumianowych przy uzyciu prob dobieranych a takze modeli doboru
proby (sample selection).

Stowa kluczowe: rachunkowos$¢, ujawnienia korporacyjne, zmienne dwu-
mianowe, proby dobierane, modele doboru proby.
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AGMEMOD MODEL - STRUCTURE AND APPLICATION FOR
ANALYSIS AND SIMULATION OF POLISH AGRICULTURAL
SECTOR
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Abstract: The aim of this paper was to present the AGMEMOD' model as an
example of partial equilibrium model applied in the field of agricultural eco-
nomics and its capacity to evaluate changes in the Common Agricultural Pol-
icy (CAP). The AGMEMOD model is an econometric, dynamic, multi-
product, partial-equilibrium modelling system constructed within the 5™ and
6" EU Framework Project. As an example of application of the model a
quantitative assessment of the impact of the milk quotas abolition on the Pol-
ish dairy sector was displayed.

Keywords: partial equilibrium modeling, simulation, agricultural policy
analysis, milk quota

INTRODUCTION

The agricultural sector is a part of economy which is strongly regulated, so
in the last decades the use of economic models in relation to agricultural policy
issues has increased substantially. The results of liberalisation of agricultural mar-
ket and of planned agricultural policy reforms (for example ‘Health Check’ of the

" AGMEMOD is an acronym of the name of the project: Agriculture Member States Mod-
eling. This research was supported by EU FP6 research funding, contract SSPE-CT-2005-
021543, by contributions from the partners’ institutes throughout the EU and through asso-
ciated projects for the Institute for Prospective and Technological Studies (IPTS).

The authors would like to acknowledge the work of the AGMEMOD Partners in the devel-
opment of the model used for this study (http://www.tnet.teagasc.ie/agmemod/).
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CAP) need to be assessed. For a better understanding of the behavioural relation-
ships underlying agricultural commodity markets and for forecasting in the agricul-
tural sector a wide variety of methods are applied. Partial equilibrium (PE) model-
ling is one of the methods employed for the purpose of agricultural policy analysis.
It allows to capture the most significant relations inside the sector, including the
effects of applying different specific policy instruments.

The objective of the paper was to present the application of partial equilib-
rium models in the field of agri-food sector. As an example the AGMEMOD model
was chosen. One of the most important reforms carried on currently by the Euro-
pean Commission in this sector is the dairy market reform. Therefore a simulation
of milk quota abolition for the Polish dairy sector was performed and displayed as
an example of the AGMEMOD model application.

The article is organised as follows: in the first part the general assumptions
and structure of the AGMEMOD model are presented. In the second section the
construction of dairy sub-model is considered with more details. Finally, in the last
section the results of the simulation of dairy quota abolition are presented.

AGMEMOD MODEL STRUCTURE

The AGMEMOD model is an example of partial equilibrium models (PE)
applied in the field of agriculture. PE models’ main characteristic is that they con-
centrate on the isolated market, considering the rest of the economy as an unchang-
ing background for the analysis of supply and demand in this particular market.
When compared to general equilibrium models (GE), PE models are more limited
in the sense that they cannot include the effects of dispersion of changes in the
analysed market to other sectors of the economy. However they can be quite useful
for a detailed examination of many particular factors affecting the behaviour of
agents in this market, especially when the influence of these factors does not seri-
ously affect sectors other that the one in question. Thanks to their detailed struc-
ture, they often include diversified policy variables and serve to study the effects of
their changes. More about equilibrium models and their applications can be found
in the paper by Tongeren and van Meijl [1999] as well as Tongeren et. all [2001].
The main features of PE models make them particularly suitable for modelling the
agricultural markets, as this sector is subject to the influence of a large set of com-
plicated policy instruments [Conforti 2001; Garforth & Rehman 2006]. Moreover,
for many agricultural commodities the data in the form of complete and detailed
trade balance sheets is accessible, which helps in the analysis of the equilibrium
between supply and demand.

The AGMEMOD is an econometric, dynamic, multi-product, partial-
equilibrium modelling system which was built in the aim to undertake a model-
based economic analysis of the potential impact of policy or other changes in the
agri-food sector of each EU Member State and the EU as a whole. It was con-
structed within the 5™ and 6™ EU Framework Project assuming as a main principle
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that the participating institutions in each Member State would develop a part of the
model describing the local agricultural sector. The country models are based on a
structure common for all the EU countries and with common procedures for data
collection, estimation and validation, but take into account local conditions and
rely on the local experts’ knowledge. Consequently, the AGMEMOD model works
as a system of aggregated local models and is able to produce forecasts and sce-
nario analyse of various policy and external conditions’ changes for the Member
States separately as well as for the entire EU [Donnellan et. all 2002; Chantreuil
Hanrahan 2007]. The work in the project was inaugurated in 2001 by the institu-
tions representing the Old Member States (OMS) and resulted in a coherent system
of models able to produce the aggregated forecasts for the EU-15 [Hanrahan 2001;
Chantreuil, Hanrahan 2007]. In the subsequent years, the project was extended to
consecutive countries® willing to enter the EU (NMS), Poland among them®. The
enlarged AGMEMOD model was then used to estimate the consequences of their
accession to the local agricultural sectors"”.

Each particular country model consists of a set of sub-models of the main
agricultural products: grains, oilseeds and the derived products, industrial plants,
milk and dairy products, livestock and meat as well as some other, of lesser impor-
tance and more locally grown products. The variables entering in each sub-model
represent consecutive positions in the balance sheet of each market. On the supply
side the beginning stocks, production and imports are being considered and on the
demand side the domestic use, exports and ending stock are modelled. For each
product in each country also the respective domestic prices (market-clearing prices)
are modelled. The equilibrium in each market is reached in the model also on the
level of the whole EU. This implies that the EU net export variable is used as the
closing variable at the EU level. The necessary condition for the model to be
solved is that the equality between supply and demand in each market in each
country must hold. The general structure of the model is presented in Figure 1.

Such a disaggregation of the agricultural sector to the specific markets as
well as the decentralisation of the model allowed to introduce into the model the
instruments of the CAP in a very detailed manner. The instruments range from
market-specific (quotas, subsidies, production levies, coupled payments) to more
general ones, such as decoupled payments. Their influence can be traced in each
market separately and the specificity of the agricultural policy in each member

At the moment, all the EU countries except Malta and Cyprus are represented in the
model and the work is carried on to include also some Balkan countries, Russia, Ukraine
and Turkey.

3 The work on the Polish part of the AGMEMOD model entertained in the Warsaw School
of Economics in 2002-2006 and since 2006 was carried on in the Warsaw University of
Life Sciences.

* The influence of accession of Poland to the EU on the main supply and demand variables
in the dairy sector was presented by Syczewska [2004].
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state is taken into account. This huge advantage of partial equilibrium models such
as AGMEMOD makes possible the analysis and simulations of a large spectrum of
policy changes [AGMEMOD ... 2005].

Figure 1. Structure of the AGMEMOD model
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In practice, the model contains endogenous and exogenous variables. The
endogenous variables are mostly prices and the variables determining the supply
and demand in the market of each product in every country. The exogenous vari-
ables include a set of variables describing the general macroeconomic conditions
for the functioning of the agricultural market (GDP, inflation, exchange rates,
population), world agricultural prices as well as CAP instruments. A change in
exogenous variables may determine the assumptions of scenarios simulated by the
model.

In the AGMEMOD model the equilibrium is reached in each market of each
country independently. The characteristic feature of the model is that the price does
not serve as a variable which would lead to the equality between the supply and
demand in the separate market at a given moment of time, but is exogenous for the
supply and demand variables at a given moment of time. Therefore one of the posi-
tions of the trade balance sheet, in most cases imports or exports, is treated as a
closing variable.

On the country level, however, there exist interdependencies between mar-
kets of particular products. They result from the assumptions of substitution or
complementarities between the products. The arable land allocation between dif-
ferent kinds of crops according to the relative profitability of their production can
be given as an example of substitution. At the same time the use of different grains,
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oilseeds and the derived products as fodder in the livestock production determines
the relation of complementarity between crops and livestock.

As it was mentioned before, country market models are solved independ-
ently, nevertheless the behaviour of supply and demand variables in each member
state market model is driven by a common factor, so called key price of this par-
ticular product. For each market included in the AGMEMOD model, the key price
is the price of the product in the country which is its most important producer in the
EU. In most cases, the country price of a given commodity depends on a simulta-
neous development of key price, lagged domestic and EU (or key country) self-
sufficiency rates and other variables.

It is assumed that the EU is not a closed economy. The determinants of key
prices include the respective world prices (which are exogenous in the model), the
EU self sufficiency rate, the EU intervention prices and other variables important
for the behaviour of key market prices (e.g. exchange rates, tariff rates, quota limits
and subsidized export limits). To increase the economic integration between OMS
and NMS, the process of price level convergence in the NMS to the EU (key price)
levels is assumed [Chantreuil, Tabeau, van Leeuwen 2008; Esposti & Camaioni
2007].

The behavioral equations of the model are mostly individually estimated
with econometric techniques (generalized least squares). However, in situations
where too short time series were accessible, the quality of data was unsatisfactory,
important structural breaks (e.g. policy regime change) were observed or the esti-
mation resulted in the values of parameters inconsistent with the economic theory
(such as positive price elasticity of demand or negative reaction of domestic price
to the key price), calibration techniques were used [AGMEMOD ... 2005]. This
last technique was applied especially in case of NMS allowing for reliable parame-
ters estimation and consequently for a long term forecasting even thought relatively
short time series. After the values of parameters were established, the model gener-
ated the baseline results. The validation played an important role in the construc-
tion of the model. Apart from general econometric tests on parameters and residu-
als, baseline results were analysed by national experts from the point of view of
their feasibility. To check the reliability of the dynamics of the model a shock
analysis were carried out.

DAIRY MARKET SUB-MODEL

Among the AGMEMOD market models, the dairy model is one of the most
complicated. It comprises several components (Figure 2). The first component
determines the production, import and export of raw milk (the last two are insig-
nificant in Polish case), the second component allocates milk to different utilisa-
tions and the third component models milk use for further processing into dairy
products [AGMEMOD ... 2005].
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A particular feature of the dairy model is its emphasis on the allocation of
milk fat and milk protein to the production of the various dairy commodities mod-
elled (third stage). These products include drinking milk, butter, cream, cheese,
skimmed milk powder (SMP), whole milk powder (WMP) and “other dairy prod-
ucts”. For each dairy commodity modelled, the supply and utilisation is projected
as well as the wholesale price.

Figure 2. Milk production and utilisation in AGMEMOD model
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The key variable of dairy sub-model is milk production. Generally it is mod-
eled as a function of quota level and ratio between milk price and milk production
cost. To model the milk production under the quota regime and non quota regime
different equations are used because relations between price and level of milk out-
put are dissimilar in both periods. Moreover, the long experience of many EU
countries with milk quota made it impossible to assess econometrically the reaction
of milk production to milk price changes (because of the distortionary role of milk
production limiting). Thus some parameters concerning country-specific quota
rents (marginal costs of production) were computed outside the model. Detailed
description of methodology applied for estimation of milk production (AG-
MEMOD version 2.0) can be found in the paper by Chantreuil et. all [2008].

The milk yield per cow can be expressed as a function of technological
trends, real milk prices, quota level and other exogenous variables that could have
an impact on the milk yield per cow. The number of dairy cows at the end of a
period can be derived as an identity involving the milk production and milk pro-
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duction per cow. The milk price received by farmers is modelled as a function of
prices of dairy products like cheese, butter, SMP, WMP.

As noted before, the AGMEMOD model allocates the fat and protein com-
ponents of raw milk. The amount of fat and protein in the raw milk produced that is
used in the manufacturing sector is first calculated. This calculation involves a
number of assumptions concerning the fat and protein content of the raw milk and
the fat and protein content of the dairy commodities produced out of milk. Once
the available supplies of milk protein and fat have been calculated, the next step is
to allocate the protein and fat components [AGMEMOD ... 2005].

Generally fat and protein allocation to different dairy products depends on
the historical allocation, prices of a given commodity and prices of substituting
commodities and other exogenous variables that affect their allocation. The total
protein and fat available is allocated to n dairy commodities. The milk protein and
fat allocation equations are estimated for # —1 products, with the milk protein and

fats allocation to the n” product derived as a balancing residual allocation. It is
worth noticing that for a given commodity only one behavioral equation is applied
(to estimate fat or to estimate protein). For example, fat for butter is behaviorally
estimated while proteins are computed as an identity.

The production of a given dairy commodity is derived as the total milk pro-
tein or fats allocation divided by a technical protein and fat content in the product.
The domestic consumption of a specified commodity is derived from a multiplica-
tion of the population number by consumption per capita. The consumption per
capita of a given commodity is a function of GDP/capita, price of a given commod-
ity, prices of substituting products and other exogenous variables affecting domes-
tic consumption.

EXAMPLE OF AGMEMOD MODEL APPLICATION: MILK QUOTA
ABOLITION IMPACT ON DAIRY SECTOR

Milk quotas were introduced in the European Union in 1984 in order to try
to stop the over-production. In the so-called CAP “Health Check” the European
Commission has recently proposed gradual transitional procedures to allow for a
“soft landing™ of the milk sector to quota expiry in 2014/15 [CAP... 2008, Réquil-
lart et. all 2008, Seremak-Bulge 2008]. The objective of this study is to perform an
ex ante quantitative assessment of the impact of abolition of the EU milk quotas on
the Polish dairy sector. The time period covered by the analysis is up to 2020. The
impact of policy scenario was assessed and compared to a baseline scenario (that is
considered to be continuation of the current quota system). The scenario assumes a
gradual increase of milk quota by 1% a year between 2009 and 2014 and the re-
moval of quotas since 2015.

It is commonly expected that the abolition of milk quota system would result
in an increase of milk production and a decrease of prices of raw milk and prices of
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dairy products [Seremak-Bulge 2008, Jongeneel, Tonini 2008]. The simulations
carried with the use of the AGMEMOD model confirm those expectations. The rise
of total production of raw milk as a result of milk quota abolition is evaluated at
1.0% in 2010, 5.8% in 2015 and 6.3% in 2020 (Figure 3).

Figure 3. Milk production (left) and milk prices (right) in Poland and their forecasts in the
baseline projection and in the quota abolition scenario
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Going into details, diverse changes of milk use are noticeable as a conse-
quence of the potential reform. The abolition of milk quota results in a greater pro-
duction capability for the dairy industry. By 2020 there can be observed an 8%
increase of milk delivered to dairies which is a base for industrial production of
dairy products. The level of milk consumption on farms could become lower by
5% and the feed use can boost by nearly 6% at the same time.

The baseline scenario indicates further increase of milk prices paid to farm-
ers. Firstly, this growth would be explained by the convergence of Polish milk
price to the prices observed in the OMS. The second reason would be a decrease of
self-sufficiency rates in individual markets of dairy products in the situation of a
relatively fixed milk supply. In the quota abolition scenario the price of raw milk in
2020 is lower by 8.4% than the price in the baseline scenario (Figure 3). As a con-
sequence of lower prices paid to farmers the production profitability would de-
crease. Going further, a faster concentration of milk production should be expected
as a result of the deregulation of the dairy sector.

The changes in production, consumption and prices of in particular dairy
markets are presented in the Table 1. The highest decrease of the wholesale price
of dairy products is observed in the case of GOUDA cheese (10%) and the least
decrease can be noticed in the case of whole milk powder (WMP) (7.4%). The
changes in prices of the remaining products are situated between those two values.

The growth of 6.3% (in comparison to the baseline scenario) in the quantity
of milk delivered to dairies results in a similar increase of the quantity of fat and
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protein, which would also stimulate growth of production of dairy commodities
(Table 1). The highest increase of production is expected in case of cheese (8.7%),
butter (7.2%), and SMP (7.1%). The most modest growth of production is to be
observed in case of drinking milk and WMP, respectively: 2.0% and 3.4%.

Table 1. Influence of milk quota abolition on dairy market in 2020 (changes with respect to

the baseline projection)

Changes in:
Product

Production Consumption Prices
Raw milk 6.3% - -8.4%
Drinking milk 2.0% 1.3% -
Butter 7.2% 2.7% -8.4%
Cheese 8.7% 2.1% -10.0%
SMP 7.1% 3.5% -7.8%
WMP 3.4% 3.6% -7.4%

Source: Own calculations on the base of Agmemod model

The expansion of supply and the reduction of wholesale prices of individual
dairy products would have a positive effect on the domestic consumption of those
commodities. The forecasted growth of consumption caused by the abolition of
milk quota system varies between 1.3% in the case of drinking milk and 3.5-3.6%
in the case of both sorts of milk powder. The adjustment of production and domes-
tic use after a dairy market reform results also in the changes of the self-sufficiency
rates of products considered. Generally, the milk quota abolition would cause a rise
of those indicators.

CONCLUSIONS

1. Partial equilibrium models represent a suitable tool for analyzing the changes
in agricultural sector due to the fact that agriculture is influenced by large set
of policy instruments. PE models allow for a detailed analysis of their impact
on particular elements of this market.

2. The AGMEMOD model allows for simulation and forecasting of a variety of
policy scenarios for Poland as well as for the whole EU. Further development
of the model should tend to endogeneisation of the world prices in the Rest of
World sub-model.

3. The application of AGMEMOD model version 2.0 for an analysis of impact of
dairy quota reform indicate an increase in production and consumption of
dairy products and a decrease of their prices in Poland. The direction of
changes are consistent with the a priori expectations.
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Model AGMEMOD - struktura i zastosowanie w analizie i symulacji
polskiego sektora rolnego

Streszczenie: Celem opracowania bylo przedstawienie modelu réwnowagi
czastkowej AGMEMOD w konteks$cie modelowania sektora rolnego i moz-
liwosci ewaluacji zmian Wspdlnej Polityki Rolnej (WPR). Model AGME-
MOD zbudowany w ramach 5 i 6 Projektu Ramowego UE nalezy do ekono-
metrycznych, dynamicznych, wieloproduktowych modeli rownowagi czast-
kowej. Jako przyktad zastosowania modelu i jego mozliwosci przedstawiono
analize wplywu likwidacji kwot mlecznych na zachowanie polskiego sektora
mleczarskiego.

Stowa kluczowe: rownowaga czastkowa, modelowanie, symulacja, polityka
rolna, kwoty mleczne
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METODA AHP W OCENIE STOSOWALNOSCI METOD OCENY
ZDOLNOSCI KREDYTOWEJ W SYSTEMIE EKSPERTOWYM

Wiadystaw Hoffmann
Instytut Informatyki w Zarzadzaniu US
e-mail: woodieh@gmail.com

Streszczenie: Podstawowa dziatalnoscia wigkszosci bankow jest udzielanie
kredytow. Wiaze sig to z ryzykiem utraty czesci lub catosci dtugu. Banki ma-
ja obowiazek dokonywania oceny zdolnosci kredytowej, jednak metoda jest
dowolna. Dobrym rozwiazaniem wydaje si¢ zastosowanie systemu eksperto-
wego wspomagajacego pracg inspektora kredytowego. Najwigkszym proble-
mem w zbudowaniu takiego systemu jest okreslenie poprawnej i przejrzystej
bazy regul. W pracy ocenia si¢ stosowalno$¢ poszczegélnych metod oceny
zdolnosci kredytowej do zastosowania w SE. Do zbudowania rankingu po-
stuzyta metoda AHP.

Stowa kluczowe: AHP, zdolnos¢ kredytowa

WSTEP

Udzielajac kredytu, bank za kazdym razem ponosi pewne ryzyko. Banki sta-
raja si¢ zminimalizowac niebezpieczenstwo, ze kredytobiorca nie bedzie w stanie z
jakichkolwiek powodow splaci¢ zaciagnig¢tego zobowiazania ani odda¢ pozyczo-
nego produktu. Jednym z czynnikow krytycznych oceny tego ryzyka jest rzetelne
zbadanie zdolnosci kredytowej rozumianej jako zdolno$¢ do zgromadzenia $rod-
kow pienigznych w kwocie pokrywajacej wszelkie zobowiazania. Dokonanie oce-
ny zdolnosci kredytowe] jest obowiazkiem kazdego banku zapisanym w prawie
bankowym. Wazny jest fakt, Zze ustawodawca nie narzuca metody oceny zdolnosci
kredytowej. Banki maja wigc swobodg w opracowaniu i stosowaniu metod, ktory-
mi beda si¢ postugiwaé. Zawsze jednak, niezaleznie od stosowanych procedur i
metod, banki udzielaja kredytu wtedy, kiedy ocenia, ze bgda w stanie odzyskac
zaangazowane srodki. Warto dodaé, ze ze wzgledu na istniejaca r6znorodnos¢ me-
tod i procedur w poszczego6lnych bankach konkretny wniosek kredytowy moze by¢
rozpatrzony pozytywnie lub negatywnie.
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Problemy z doktadnym zbadaniem zdolnosci kredytowej sa zazwyczaj spo-
wodowane réznorodnoscia rynku, ztozonoscig lub specyfika prowadzonej przez
kredytobiorce dzialalno$ci, wptywu czynnikow zewngtrznych, niezaleznych. Nie
bez znaczenia pozostaje problem braku porownywalnosci danych, niedostatku in-
formacji oraz zafalszowania rzeczywistosci przez kredytobiorce. Jeszcze trudniej
jest oszacowa¢ dane ryzyko w przypadku kredytowania rolnictwa, gdzie gospodar-
stwa zazwyczaj nie prowadza ksiggowosci.

[lo$¢ tzw. kredytéw straconych w polskich bankach waha si¢ od kilku do
nawet kilkunastu procent wolumenu udzielonych kredytow ogédtem. Zalezy to od
banku, rodzaju kredytu itp. Wszelkie opdznienia sptat i utracenie kredytow powo-
duja powazne straty dla bankéw. Badanie zdolnosci kredytowej poprzez poszuki-
wanie regut jakimi kieruja si¢ kredytobiorcy mogloby ograniczy¢ ilos¢ ztych kre-
dytow. Takie reguty moglyby zasili¢ system ekspertowy wspomagajacy prace in-
spektora kredytowego. Problemem jest jednak dobdr metody, ktora generowataby
sensowne i przejrzyste reguty mogace zasilac¢ system ekspertowy.

METODY OCENY ZDOLNOSCI KREDYTOWE]

W trakcie wieloletniej praktyki, banki wypracowaty wiele r6znych metod
oceny zdolnosci kredytowej swoich klientow. To, jakie dane bank bedzie chciat
pozyska¢ od kredytobiorcy zalezy przede wszystkim od typu, wielkosci i okresu
sptaty kredytu a takze od charakteru klienta (osoba fizyczna lub prawna). Zastoso-
wanie tych metod ma na celu okreslenie czy sytuacja ekonomiczna klienta pozwoli
na terminowe wywiazanie si¢ ze zobowiazan wobec banku, czy poziom ryzyka nie
jest zbyt wysoki. Niestety wigkszos$¢ z nich nie polega na budowaniu regut a jedy-
nie okresla wartosci wskaznikéw, wspotczynnikéw i zmiennych, przy ktorych
klient moze uzyska¢ kredyt. Klasyfikacja metod oceny zdolno$ci kredytowej w
najogoblniejszej postaci przedstawia sig tak, jak przedstawiono na rys. 1. Metody
opisowe (logiczno-dedukcyjne), opieraja si¢ na informacjach o kredytobiorcy, np.
0 jego sytuacji ekonomiczno- finansowej. W tym podejsciu ocenia si¢ szereg
wskaznikow uzyskanych na podstawie analizy ekonomicznej, w tym bilansu, cash
flow, stanu zadtuzenia, zabezpieczen, itp. RoOwniez tutaj bierze si¢ pod uwage oce-
n¢ personalng kredytobiorcy. [Migut 2003] Opieraja si¢ na zatozeniu, ze poziom
ryzyka zalezy od obszardw oceny zwiazanych z konkretnym kredytobiorca i
przedmiotem kredytowania.[Staniec 2002]. W metodach statystyczno- matema-
tycznych zdolno$¢ kredytowa ocenia si¢ na podstawie cech i zachowan wcze$niej-
szych kredytobiorcow. Do tej grupy od pewnego czasu naleza tez pewne metody
nieklasyczne, ktore oprocz danych ilosciowych potrafia wnioskowaé z informacji
migkkich. Wnioski na temat ryzyka kredytowego wyciagane sa na podstawie staty-
stycznych danych innych kredytobiorcéw. Metody te sa rowniez szeroko stosowa-
ne do prognozowania bankructw.
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Rysunek 1 Metody oceny zdolnosci kredytowej
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Zrédto: Migut G. ,Modelowanie ryzyka kredytowego”, materialy StatSoft Polska
www.statsoft.pl

AHP W OCENIE METOD DO ZASTOWOWANIAW S.E.

W pracy rozwazane mogg by¢ jedynie metody, ktére moga znalez¢ zastoso-
wanie w systemach ekspertowych, inaczej mowiac takie, ktore na wyjsciu potrafiag
wygenerowac reguty mogace stuzy¢ budowie bazy wiedzy SE. Ogranicza to ilos¢
mozliwych do zastosowania metod do pigciu- Scoring, Drzewa Klasyfikacyjne,
Metoda Najblizszego Sasiada (KNN), Zbiory Przyblizone, Modelowanie Rozmyte.
Celem niniejszego artykutu jest wybdr trzech najlepiej pasujacych do budowy sys-
temu ekspertowego metod do dalszych badan. Ocenie pod wzgledem stosowalnosci
w systemie ekspertowym poddano rowniez aktualnie stosowana metodg przez ba-
dany bank.

Do okreslenia najlepiej dopasowanych metod postuzono si¢ metoda AHP
(Analityc Hierarchy Process). Jest to jedna z wielokryterialnych metod hierar-
chicznej analizy probleméw decyzyjnych. Pozwala na dekompozycje¢ ztozonego
problemu decyzyjnego i stworzenie rankingu finalnego dla zdefiniowanego, skon-
czonego zbioru wariantéw. Metoda AHP potrafi taczy¢ w sobie subiektywne oceny
ekspertow z obiektywna statystyczna analiza decyzji dotyczacych hierarchicznie
usytuowanych czastkowych zaleznosci i powigzan pomigdzy czynnikami opisuja-
cymi analizowany problem. Wykorzystuje si¢ ja w wielu dziedzinach takich jak:
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zarzadzanie, politologia, socjologia, wytwarzanie, czy transport. [Omkarprasad
2006]. Algorytm sktada si¢ z czterech faz:

1. Utworzenia hierarchicznej struktury procesu decyzyjnego

2. Zdefiniowania preferencji decydenta oraz obliczenie ocen wazno-
$ci dla wszystkich elementdéw hierarchii

3. Badania spdjnosci macierzy preferencji

4. Tworzenia rankingu koncowego.

Pierwsza faza obejmuje klika poziomoéw: okreslenia celu, kryteriow, podkry-
teriow 1 wariantow, przy czym poziomy podkryteriow nie sa obowiazkowe. W
badanym przykladzie celem byto okreslenie trzech najlepszych metod do zastoso-
wania w systemie ekspertowym oceny kredytobiorcéw. Analiza literatury przed-
miotu i konsultacje z ekspertami wylonity pie¢ kryteriow, przy czym jedno podzie-
lono na dwa podkryteria. Obiektywizm zostat uznany za czynnik dominujacy; zde-
cydowano, ze system powinien by¢ w jak najmniejszy stopniu wrazliwy na subiek-
tywna oceng inspektora kredytowego. Zasadno$¢ stosowania systemow eksperto-
wych opiera si¢ m.in. na zaloZzeniu, Ze sa one, w przeciwienstwie do ekspertow
odporne na stres, zmeczenie choroby, uprzedzenia, zapominalstwo lub zta wolg.
[Niderlinski 2006]. Subiektywna ocena eksperta mialaby znaczenie tylko w przy-
padku kredytow zakwalifikowanych jako ryzykowne lub wtedy, gdy w systemie
nie znalaztaby si¢ zadna reguta okres$lajaca dany przypadek. Obiektywizm w tym
przypadku jest rozumiany jako brak wrazliwosci metody na subiektywne oceny
eksperta 1 uzyskuje wage 0,42. Elastycznos¢ to druga pod katem istotnosci cecha
wskazana przez ekspertow. Jest zwigzana z mozliwo$cia prostej modyfikacji bazy
wiedzy przez uzytkownika bez konieczno$ci naruszania integralnos$ci systemu
wnioskujacego. Jest to jedna z najbardziej istotnych cech systemow ekspertowych,
gdyz w dziedzinach takich jak bankowos¢, lub medycyna sytuacja zmienia sig¢ bar-
dzo dynamicznie i wymaga ciagtej aktualizacji zasad dziatania (aktualizacji regut)
[Niderlinski 2006] Cecha ta zwigzana jest rowniez z mozliwo$cia samouczenia si¢
systemu ekspertowego. Badane metody powinny generowac reguly tak, aby bez
problemu mogly zasila¢ baze wiedzy. Wage elastycznosci metody wyznaczono na
poziomie 0,25. Kolejna cecha to uwzglednianie danych jakosciowych — odpowiada
na pytanie w jakim stopniu w danej metodzie mozliwe jest ujecie danych jako-
sciowych. Eksperci wskazali t¢ ceche jako trzecia w hierarchii istotnosci- waga
0,14. Poziom ztozonosci metody zdekomponowano na dwa podkryteria i przypisa-
no wage 0,05. Im wigksza ztozono$¢ metody tym bardziej skomplikowany moze
by¢ proces pozyskiwania danych i trudniejsza jest aktualizacja bazy wiedzy. Wy-
roznione podkryteria to czas przygotowania danych (CPD) i poziom zlozonosci
obliczen (PZO) koniecznych do uzyskania wynikéw. W tym przypadku paradok-
salnie wysoka ocena poziomu zlozonoséci oznacza ze metoda jest prosta oblicze-
niowo a przygotowanie danych trwa krotko. Ostatnie oceniane kryterium to przej-
rzystos¢ regut z waga 0,14 Przejrzysto$¢ regut oznacza na ile logicznie reguty ge-
nerowane przez metode wyjasniaja decyzje. Kryteria i wagi okreslone zostaly przy
pomocy ekspertow zajmujacych si¢ tworzeniem systemow informatycznych, w
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tym rowniez systeméw ekspertowych. Odpowiedzi udzielali pod katem systemu
ekspertowego oceny zdolnosci kredytowej. Podsumowujac wybrano pig¢ kryteriow
gltéwnych a dla kryterium poziomu ztozonosci wyodrgbniono dwa podkryteria.
Struktura procesu decyzyjnego zostata przedstawiona na rysunku 2.

Rysunek 2. Struktura hierarchiczna procesu decyzyjnego
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Zrbdto: Opracowanie wiasne

W drugim kroku preferencje decydenta okreslane sa przy pomocy wzgled-
nych ocen waznosci kryteriow, podkryteriow i wariantow. Oceny te powstaja po-
przez porownywanie parami wszystkich obiektow znajdujacych si¢ na danym po-
ziomie hierarchii. Warianty sa pordéwnywane przy pomocy stopnia intensywnosci
preferencji. Okresla si¢ je dla kazdego poziomu hierarchii Najczg$ciej stosowana
jest dziewigciostopniowa skala poréwnawcza, gdzie 1 oznacza rbwnowazno$¢ wa-
riantow a 9 ekstremalng przewage. Macierze te cechuje spojnos¢ parami tzn.:

* dany element macierzy jest rOownowazny wzglgdem samego siebie: a;; = 1

» warto$¢ oceny elementu b wzglgdem elementu a jest odwrotnoscia oceny a
wzgledem b a;j =1/ aj;

Metoda dopuszcza istnienie pewnej niespdjnosci globalnej macierzy - do-
puszczalna jest sytuacja, w ktorej element A jest preferowany wzgledem B, B
wzgledem C, natomiast A nie jest preferowany wzgledem C. [Bodin 2003]. Na-
stgpnym krokiem jest wyznaczenie preferencji kryteriéw i oceny wariantow ze
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wzgledu na dane kryterium. W tym celu dokonuje si¢ normalizacji macierzy we-
dtug wzoru
a..

— y
NS m

= Qi

Lokalna waga jest Srednia wiersza znormalizowanej macierzy. Wagi (priory-
tety) globalne wyznacza si¢ jako iloczyn lokalnej wagi tego elementu i wagi kaz-
dego z elementéw poziomu bezposrednio wyzszego. Wagi kryteriow gtownych
przedstawia tabela 1.

Tabela 1. Wagi cech gléwnych

0. E. U.CJ. | PR ZM.
Obiektywizm (O) 1 2 6 6 7
Elastycznos¢ (E) 5 1 4 5
Uwzg. Cech Jakosc. (UCJ) 0,167 0,25 1 1 2
Przejrzystos¢ Regut (PR) 0,167 0,25 1 1 2
Ztozono$¢ metody (ZM) 0,143 0,2 0,5 0,5 1

Zrodto Opracowanie wiasne

W badanym przyktadzie preferencje oceny dokonano positkujac si¢ literatu-
ra opisujaca poszczegolne metody. Wybor preferencji konsultowano z ekspertami-
pracownikami naukowymi znajacymi wybrane do badan metody. Wagi kryteriow
lokalnych przedstawia tabela 2.

Trzeci krok obejmuje sprawdzenie spdjnosci ocen (czyli sprawdzenie logiki
ocen — np. gdy A>B i B>C =>A>C) oraz obliczenia dwoch wskaznikow: i.c (index
of consistency) i c.r (consistency ratio).

\Tabela 2. Podstawowe wskazniki dla cech gléwnych

Waga Suma kolumn | Wspdtczynnik A | Wyniki
Obiektywizm 0,42 2,31 0,97 Amax=5,026
Elastycznos¢ 0,25 4,20 1,06 C.L. =0,07
Uwzg. Cech Jakoéc. | 0,14 7,33 1,02 R.I1=1,12
Przejrzysto§¢ Regut | 0,14 7,33 1,02 C.R.=0,07
ZYozonos$¢ metody 0,05 19 0,96

Zrédto Opracowanie wiasne

C.I. (wskaznik zgodnosci) Jest ilorazem réznicy warto$ci sumy iloczynow
usrednionych wierszowo warto$ci znormalizowanych wag i kolumnowych sum
(Amax), 0dpowiadajacych poszczegdlnym kryteriom i ilosci elementéw na danym
poziomie do ilosci elementéw na danym poziomie pomniejszonych o 1

Cl.= A =1 )
n—1
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C.R. (stosunek zgodnosci) to iloraz C.I. przez R.1., gdzie R.I. to tzw. wspot-
czynnik losowej zgodnos$ci o wartosci zaleznej od liczby porownywanych elemen-
tow. Wspotczynnik mozna odczyta¢ z odpowiednich tablic.

Wynik obliczany jest przy pomocy sumy iloczynéw wagi wariantu dla okre-
slonych kryteriow i wag poszczegdlnych kryteridow. Nastgpnie tworzony jest ran-
king wariantow. Wagi i oceny uszeregowane wedtug oceny zostaly przedstawione
w tabeli 3.

Tabela 3. Wagi wariantéw dla kryteridw i uszeregowane oceny wariantow
0. E. U.C.J. P.R. ZM. | Ocena

Mod rozmyte 0,21 0,22 0,19 0,26 0,23 0,219
Zb. Przyblizone |0,21 0,22 0,19 0,26 0,18 0,217
Drzew Klasyf. 0,21 0,22 10,19 0,26 0,16 0,216
KNN 0,21 0,22 0,19 0,08 0,24 10,195
Scoring 0,07 0,08 0,19 0,11 0,10 0,096
M. Stosowana 0,07 0,03 0,06 0,03 0,09 0,057

waga kryterium 042 1025 0,14 0,14 0,05
Zrédto Opracowanie whasne

W badanym przyktadzie obydwa wspdtczynniki nie przekraczaja wartoSci
0,01 na kazdym poziomie, co w praktyce oznacza prawie pelna spojnos¢ ocen i
preferencji (dopuszczalny stosunek zgodnosci C.R.. jest réwny 0,1). Ranking kon-
cowy przedstawia si¢ w sposob przedstawiony na rysunku 3.2.

Rysunek 3. Wyniki rankingu metod
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Zrédto: Opracowanie wiasne na podstawie AHP Projekt
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Wyniki wskazuja przewage trzech metod: modelowania rozmytego, zbiorow
przyblizonych i1 drzew klasyfikacyjnych. Metody te uzyskaty bardzo podobne oceny,
co wskazuje na brak duzych réznic w preferencjach migdzy nimi. Tym samym kazda z
nich wymaga przeanalizowania pod katem stosowalnosci w systemach decyzyjnych
oceny kredytobiorcow. Metody te zwycigzyty w rankingu ze wzgledu na niezalezno$¢
od subiektywnych ocen ekspertow i mozliwosci szybkiej aktualizacji regut, a byty to
czynniki ktore oceniono jako najbardziej istotne. Nie bez wptywu pozostata mozliwosé
ujmowania danych jako$ciowych oraz przejrzysto$¢ ocen (reguty w postaci If ... Then
...). Najnizej oceniono metod¢ aktualnie stosowana przez badany bank do oceny kre-
dytobiorcow. Nie uwzgledniata w ocenie wielu danych jakoSciowych oraz nie genero-
wala regut, dlatego jej przydatno$¢ w zastosowaniu w systemie ekspertowym jest naj-
nizsza. Wybrane metody oceniano nastgpnie pod katem skuteczno$ci na przykladzie
zastosowania do oceny zdolnosci kredytowej klientow bankéw udzielajacych kredyty
dla rolnictwa. Metody te moglyby by¢ stosowane rowniez dla innych klas kredytow.
System ekspertowy oparty na regutach pochodzacych ze zbiorow przyblizonych lub
model rozmyty moga z powodzeniem stuzy¢ jako system decyzyjny wspomagajacy
inspektora kredytowego dla dowolnej klasy kredytow. Warunkiem koniecznym jest
jednak posiadanie odpowiedniej ilosci probek uczacych tak, aby reguly charakteryzo-
waty si¢ wysokim poziomem wsparcia.
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Applying AHP to valuating methods fitting to credit borrower classifica-
tion expert system

Abstract: The fundamental activity of most commercial banks is crediting.
The risk of such activity is quite high, so banks are obliged to check borrow-
ers possibilities to pay debt. But banks may decide about method of that
measure. Using expert system in such cases seems to be good idea. The prob-
lem with that is to find method which will generate logic and precise rules. In
this paper author uses AHP method to choose methods which are best fitted
to use as rule generators for expert system.

Keywords: AHP, credit ability
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THE USEFULNESS OF MULTINOMIAL LOGIT MODELS IN
EXAMINING THE RELATIONSHIP BETWEEN THE OWNERSHIP
FORM OF AGRICULTURAL ENTERPRISES AND THEIR
FINANCIAL-ECONOMIC RESULTS

Stanistaw Jablonowski, Andrzej Kluza
Katedra Informatyki, SGGW
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Summary: From the year 1994 onwards, the magazine "Nowe Zycie
Gospodarcze" has been publishing financial-economical data of the best three
hundred agricultural enterprises selected from groups of such enterprises that
had chosen to participate. Makers of these lists have taken into account
enterprises which have come into being from the property of state treasury in
the nineteen nineties. The present paper takes up the problem of utilizing (to
a rather limited extent) of multinomial logit models for studying the relation
between the ownership form of agricultural enterprises and some financial-
economic characteristics, describing economic effectiveness.

Keywords: agricultural enterprises, ownership forms, economical
effectiveness indicators, multinomial logit models

STUDY OBJECTIVE

Our investigation is restricted to the so-called “top 300 lists”, presented by
“Nowe Zycie Gospodarcze”. In this data, we find a description of economic entities
that have arisen after the year 1989 from the estate that had remained in the hands
of A.W.R.S.P.’s (then AN.R."). In the paper, the question is raised whether it is
possible to build econometric models where the qualitative explained variable
corresponds to the form of property, while explanatory variables are constituted by
financial-economic characteristics of agricultural industry enterprises. We ask also
weather building such models makes sense, since it is not possible to use these
models to observe causal links between the explanatory variables and the explained
variable (which here is not an effect but cause of differences in the financial-

' A.W.R.S.P. = Agency for Agricultural Property of State Treasury; A.N.R. = Agricultural
Property Agency
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economic results). So, we want to focus on examination of existence of statistical
links between features, ignoring indices of cause and effect. The causal link
between explanatory variables and the explained one is important in qualitative
variables’ models [Cramer, 2001]. An approach presented below will be useful, in
spite of that we obviously won’t profit fully of such models. In the case of our data
there exists a number of obstacles in building an econometric model in which a
form of ownership would be an explanatory or one of explanatory variables (it will
be explained later). So, analyzing the populations' data, it would be necessary to
use common descriptive statistics only, and to use also some measurements of
dependences between features.

The bodies from “top 300 lists” have various ownership and legal forms.
Models are built separately for each year of the eleven year-time period under
analysis. The models consider the set of three hundred entities featured by “Nowe
Zycie Gospodarcze” on the “top 300 list” for a given year.

The authors attempt to study the following idea: does a statistical link
between economic performance and the ownership form of companies in these sets
exist or not? We want to know which financial-economic features are significant in
the constructed models. Does the utilization of models allow us to obtain greater
benefits regarding the analysis of the sets under investigation or do we arrive at
better results from the usual descriptive statistics?

An econometric model with a qualitative explained variable with many
variants may take the form of a multinomial logit model. This form has been used
in the paper.

DATA DESCRIPTION

Lists of three hundred best companies and other agricultural entities that had
come into being from the property of state treasury have been scientifically
processed by the L.LERR.i G.Z (Institute of Agricultural Economics and Food
Economy), while the initiators of their preparation have been the A.W.R.S.P.
(Agency for Agricultural Property of State Treasury) [now A.N.R. - Agricultural
Property Agency] and the magazine “Nowe Zycie Gospodarcze”.

The first list concerned the year 1994 and included only two hundred units.
However, in the following years, the lists described three hundred best companies
of the agricultural sector (from among those that would respond to the survey). The
entities taken into account have been enterprises that had emerged from the
property of state treasury and that remained in the hands of the A.W.R.S.P
(restructured into the A.N.R. in 2003). They received varying ownership and legal
status.

Rankings of companies were drawn up on the basis of responses to
questionnaires sent out to a large number of units (e.g., to 2110 units in 1998).
Usually, only less than 20% addressees would dispatch their answers (for example,
in 1998, 386 entities completed the survey). The basic rating was originally created
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on the basis of the added value indicator, then on the basis of the profitability index
and, since 2000, according to a special synthetic measurement tool (then slightly
modified).

Data concerning the best companies have been published in ,,Nowe Zycie
Gospodarcze” and supplemented by comments in the form of articles written by
eminent specialists in the field of agricultural economics [e.g. Leopold, Zigtara,
1999]. The sole standard descriptive statistics have been used in the comments. The
data was used in many analyses presented in other titles [e.g. Franc-Dabrowska,
2008; Grontkowska, 2007]. This paper utilizes eleven lists from the years 1995 -
2005.

In individual lists, the following information is given for particular
enterprises: current position in the rating and the position from the previous year (if
the object was featured on the list the previous year), name of the company and its
voivodship of origin (unless there was no consent), the form of property
management (ownership), the EKD (later PKD) code which denotes the dominant
socio-economic activity of an economic entity. Further, the features’ definitions
and their designations have been given. The designations come from the authors'
research of this paper and are used in the further description. The absence of
certain digits in the numbering is due to the fact that some features published in the
ratings have been neglected, since they do not contribute significant to any of the
econometric models constructed. Detailed information on the measurement tools
and indicators included on the lists can be found e.g. in [Guzewicz et al., 2006].
The successive features are as following:
indicator of profitability of economic activity (operating activity in the 1995) (W6),
return on total assets (W7), return on equity (W8), the rate of value added (W9),
current ratio at year-end (W10) and quick ratio at year-end (W11), equity to assets
ratio (W12), financial results to total debt ratio (W13), labour efficiency (W14),
total emoluments (W15), sales income (W16), net financial balance (W19),
average employment in year (W20), arable land area (W22) and soil quality class
(W23). In addition, two variables have been attached: employment per 100 hectare
of arable land (W24) and land productivity (emoluments per 1 hectare of arable
land) (W25), calculated on the basis of data from the lists.

MODELLING METHOD

The model type that frequently becomes used in case the feature to be
explained has a small number of variants, but still more than two, is the
multinomial model of qualitative variables, otherwise known as the model of
multiple choice. However, in case of disordered categories, where determination of
the order of the nominal feature variations proves impossible, researchers usually
choose the logit multinomial model. Such models are used in different fields. For
example Mikhail, Walther and Willis [1998] use such a model to research the
phenomenon if a change of brokers’ office by an financial analyzer has had place
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on effect of the quality of prognosis made by him. Cramer [2003] analyzes
different stages of private cars’ ownership according to different features of
households. Seo and Mendelsohn [2008] describe how South American farmers
adapt to climate changes by changing crops by developing a multinomial logit
model of farmer's choice of crops. In the present analysis, we are interested in the
form of property management that a companies utilize. This feature accepts 9
variants for the data in question. These are forms of ownership (abbreviations used
in the “top 300 lists” are given in brackets): the enterprises purchased from the
Agency (PZA), mixed units, i.e. these that have purchased some part of the land,
while the rest is leased (PM), entities in that a company established by employees
holds the lease of the utilized plot (DSP), leases concluded by natural persons
(DOF), other leases (DP), companies wholly owned by the Agency (JSA) and
administered enterprises (A). Number of administered enterprises (A) covered by
the ratings gradually decreased (from 102 in 1995 to 0 in 2004), but since 2001,
agricultural production cooperatives (RSP) and the other units (PJ) are also
included in the ratings. There are only between 2 and 10 cases of the latter entity
(PJ) and this code name usually denotes units that belong to scientific institutions.
In this paper, entities with the legal form A (since 2001) and PJ have been
disregarded. Overall, it can be said that the entities with the legal form A and JSA
have conducted business on behalf of their mother Agency, while the rest - on their
own account.

For particular “top 300 lists” from consecutive years, multinomial logit
models have been built. The explained variable is a form of ownership, but its new
categories are included, having applied four methods of classifying ownership
forms — as shown in the tab. 1 (the symbols SP1, SP2, SP3, SP4, that denote the
explained variable, correspond to the way of aggregating):

Table 1. Methods of assigning the form of property to the created variants

Property’s form - PZa | PM | DSP, | JSA A RSP
DOF, (until 2000) | (since 2001)
Way of clustering DP
Spl (4 variants) 1 1 2 3 4 4
Sp2 (5 variants) 1 2 3 4 5 5
Sp3 (3 variants) 1 1 1 2 3 3
Sp4 (3 variants) 1 1 2 3 3 3

Source: authors’ decisions

Potential explanatory variables have been mentioned on the “top 300 lists”,
but in the course of building the models in question some of them have been
eliminated. Finally, for each of the eleven years, one model has been left, featuring
the explained variable (out of SP1, SP2, SP3 and SP4) that occurred in the model
with the best characteristics.
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In the section “Study Objective” the following is stated: the resulting models
are to describe the sets of 300 companies from the “top 300 lists”. Unfortunately,
the models cannot be generalized to cover the entire set of enterprises that had
arisen from state treasury property managed by the A.W.R.S.P. (and later the
A.N.R.) for particular years. The “top 300 lists” cannot be treated as representative
samples selected from the entire set because it is not the case, as described above.
Therefore, conclusions derived from constructed models refer only to entities listed
on the “top 300 list” for the year in question.

MATHEMATICAL APPROACH TO THE MODEL

The applied econometric model type derives from Theil [Theil, 1969]. In this
model, the aim is to estimate the values connected with probabilities of obtaining
different categories by the explained variable. If Y is a qualitative variable that
adopts J+1 variants and if P;; denotes the probability of obtaining the j-th variant by
this variable for the i-th element of the sample (population, once generalized), then
the multinomial logit model explains the quotients of probabilities Pyj/(Pio + Py), j =
1, ...J,i=1, .. n. Index j = 0 corresponds to the chosen basic variant. This
explanation is done by means of a function that represents cumulative distribution
of logistic distribution. The argument of this function is a linear combination of
explanatory variables and the vector of structural parameters of the model.
However, there is a number of structural parameter vectors. The vectors are
different for eachj (=1, ..., J).

Let us denote the vector of structural parameters for the category j of k+1
size by B, j = 1, ..., J, if we assume that there are k explanatory variables (the free
coefficient on the first position).

In the case of a model built on the basis of individual data it can be summarized as

ij

follows: =F (X.TB.) , where x; is the vector (of dimension k +1) consisted
i0 ij
of the number 1 and of explanatory variables’ values for the i-th element of the
sample (population),i=1,..,n,j=1, ..., J*
1

Bep, Trewlxp)

ij

Since F (.) is the logistic function, finally:

j=1,..,J fori-th object,i=1, ... n.

* As the ratios of certain probabilities are explained and not single probabilities, so it can be
shown, that there is no contradiction with the condition 2P, =1.
T



112 Stanistaw Jabtonowski, Andrzej Kluza

P.
Hence, it can be deduced that: Ln—- = xiTBj for each category j =1, ..., J

i0
[Gruszczynski, 2002]. Predicted category for the i-th element of the sample (after
generalization, for any element of the population) is selected after evaluation of J

vectors of structural parameters’ estimates. The estimates of expressions Ln—_,

i0
j=1, ..., J, are to be calculated. Then this category of J+1 of the Y wvariable’s
variants possible to be chosen is to be selected for which the estimate of the
likelihood of its occurrence is the highest.

MODEL VERIFICATION

Evaluating parameters of a multinomial logit model is most often carried out
by means of the principle of maximum likelihood [Cramer, 2001]. Most
considerations may be regarded as a generalization of the binomial logit model, see
e.g. [Dudek et al., 2006].

Long [Long, 1997] states that the maximum likelihood method should be
applied for a large sample of at least 100 items, but preferably of about 500. The
significance of parameters may be assessed in various ways, the most important
being the likelihood quotient test. It is used for a larger set of parameters, while
Wald statistics is used for individual structural parameters. All these statistical
approaches have a chi-square distribution. Here a description of Wald statistics is
skipped, indicating only that it has 1 degree of freedom.

The following provides a more detailed information on the likelihood
quotient test. Logarithm of this ratio is calculated by the formula:

LR, =-2(In f,Rj —In f,UR) , Where lnfle means the logarithm of maximum of

likelihood function for the model with the free coefficient, but which does not
include the variable X; from the k explanatory variables Xj, ..., Xi (or without free

coefficient and with all variables, when j = 0). The expression lnf,UR is the

logarithm of maximum of likelihood function for the full model, i.e. with the free
coefficient and k variables.

Statistics LR; for large samples follows the chi-square distribution with J
degrees of freedom. The verified hypothesis is: Ho: By =...=B);= 0, against the
alternative H,: there exists r from the set {1,...,J}, that 3,;#0. Statistics LR; serves
to its verification and the test is to be carried out separately for the successive
variables and the free coefficient (j =0,1, 2 ,..., k).

The second hypothesis refers to the absence of statistical significance of all
structural parameters of the explanatory variables. The verified hypothesis is:
Ho: B=[P:0,0,...,0] for all r = 1, ..., J, against the alternative H;: there exists r from
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the set {1,...,J} and j from the set {1, 2,...k}, that the parameter 3 is different
from zero. And here again the test of likelihood quotient is used to verify the

hypothesis. Now it takes the form: LR = -2(In I:R —In I:UR) , Where lnI:R denotes
the logarithm of maximum of likelihood function for the model reduced to only a
constant, while lnI:UR is the logarithm of maximum of likelihood function for the

full model, i.e. with the free coefficient and k variables.

For large samples the LR statistics follows the chi-square distribution with
k*J degrees of freedom.

In assessing the compatibility of the model with empirical data a lot of
different measurements are used. They are similar, in its conception, to the
classical coefficient of determination R”.

One of frequently used measurements is so-called McFadden pseudo-R? [Manski et

InL - .
=]1—-—=%, where InL, stands for the logarithm of

al., 1977]: R:
InL

McFadden
R

maximum of likelihood function for the model reduced to only a constant, while
lnI:UR is the logarithm of maximum of likelihood function for the full model, i.e.

with the free coefficient and k variables. R? McFadden, @S Well as classical Rz, accepts
values between 0 and 1, a better model fit is characterized by its higher value.
Similarly, count-R* [Gruszczyniski, 2002] takes values between 0 and 1, a better
model fit is characterized by its higher value. It is the quotient of the number of
correct predictions to the number of all elements of the population, for which
predictions have been estimated.

After having verified the model, an interesting analysis can be made. E.g.

P.

from the formula: —- = exp(XiTB i), in which the left side can be called the “odds
i0

ratio of j category to the basic category”, the following conclusion can be easily

derived: exp( jl) informs how many times this odds ratio increases, when X

increases by a unit, ceteris paribus. This ratio increases with the increase of X, if
only Bj;> 0.

T

. ) Pij eXP(XiBj)

Similarly, it can be shown that —— = T , and therefore we
Py eXP(Xi B )

conclude that exp(3 i~ B,;) informs how many times the quotient —L increases

ik
if the variable X is increased by a unit, ceteris paribus. Hence, if Bj; > B, then
with the increase of Xj, the quotient increases, or the probability of category j
relative category k increases.
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RESULTS OF MODEL EVALUATION

The authors have decided to build models for successive years, involving all
potential explanatory variables. Then the aposteriori elimination method has been
used to obtain end models that have positively verified hypotheses about the
significance (on the level of a = 0.1 at the most) of structural parameters (all three
hypotheses discussed above). Count-R* had to be greater than 50%, while the
McFadden pseudo-R? had to equal circa 0.20 at least. For each of the eleven years,
one model remained — the one with the explained variable (from among SP1, SP2,
SP3 and SP4) that has occurred in the model with the best characteristics.

As the sample size for each year was about three hundred (in case of 1995,
the data of two companies was removed because of their deficiencies; for some
years, the sample size decreased slightly due to the omission of entities of legal
form PJ and legal form A since 2001), so it can be stated that the requirements
pertaining to the minimum number of statistical units were met [Long, 1997].

Table 2. Test results to prove the lack of statistical significance of all structural parameters

of the model
-2 lnf,R or
Model -2InL LR Degrees of freedom | P-value
Only constant | 634.31
The full model | 437.17 197.15| 12 0

Source: the SPSS software results

The SPSS software version 11.5.0 (16 Nov. 2002) has been used to complete
necessary calculations. Results of the model estimated on the basis of data
concerning 291 objects from the list of 2005 are presented below. SP4 has been
chosen as the explained variable, while the selected explanatory variables are W7,
W8, W12 , W14, W20 and W24. Following the description of these results, the
summary of findings for all models is also presented.
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Table 3. Test results to prove the lack of statistical significance of successive structural
parameters of the model

Parameter -2 lnLRj LR; |Degrees of freedom | P-value
Constant | 443.42 6.25 |2 0.044
W7 461.3 24.13|2 0
W8 492.62 55452 0
WI12 466.67 [29.51|2 0
W14 466.09 28922 0
W20 455.01 17.85]2 0
W24 467.21 30.05)2 0

Source: the SPSS software results

Table 4. Evaluation of parameters (B) for successive categories (SP4 is the explained varia-
ble), together with test results to prove the lack of statistical significance for in-
dividual structural parameters (3 is the variant of reference)

degr. 95% confidence interval
variant | parameter | B Wald | of freed. | P-value | for Exp(B)
lower limit | upper limit
1 Constant | 1.69 |3.11 |1 0.08
W7 -0.057 (428 |1 0.04 0.94410.894 0.997
W8 0.124 |18.69 |1 0.00 1.133]1.070 1.198
W12 -0.056 12445 |1 0.00 0.94510.925 0.967
W14 0.036 120.29 |1 0.00 1.036 | 1.020 1.052
W20 -0.013 |8.11 |1 0.00 0.98710.979 0.996
W24 0.05 [9.14 |1 0.00 1.051]1.018 1.086
2 Constant |2.453 |5.87 |1 0.02
w7 -0.143 | 18.58 | 1 0.00 0.867]0.812 0.925
W8 0.178 [36.63 |1 0.00 1.195]1.128 1.265
Wi12 -0.046 | 15.53 | 1 0.00 0.955]0.934 0.977
W14 0.027 [10.82]1 0.00 1.027[1.011 1.043
W20 -0.013(7.39 |1 0.01 0.98810.979 0.996
W24 0.055 110921 0.00 1.056 | 1.023 1.091

Source: the SPSS software results

We shall describe the selected explanatory variables more precisely: W7 is
return on total assets (ratio of value added to total assets used by the company in
the end of 2005), W8 - return on equity (ratio of net financial result to level of
equity in the end of 2005), W12 - equity to assets ratio (ratio of equity to assets in
the end of 2005), W14 - labour efficiency (ratio of value added to average
employment in 2005), W20 - average employment in the year (average number of
people employed in 2005), W24 - employment per 100 hectare of arable land (the



116 Stanistaw Jabtonowski, Andrzej Kluza

variable W20*100 devided by arable land area). McFadden pseudo-R* for the
model of 2005 is equal to 0.311.

Table 5. Prediction results according to the model for 2005 (the count-R2 can be found in
the lower right corner, expressed in per cents)

Categories
Observed Predicted
1 2 3 Percentage of correct predictions
1 41 22 22 48.24
2 22 56 13 61.54
3 11 5 99 86.09
Percentage totally | 25.43 | 28.52 | 46.05 | 67.35

Source: the SPSS software results

Table 6. Summary results for all models

Year | Explained | McFadden | Count - R* | Explanatory variables
variable -R’
1995 | Sp4 0.736 93.6% W12, W16, W20
1996 | Sp4 0.655 90% W6, W7, W9, W10, W12, W13, W20,
W23, W24, W25
1997 | Sp4 0.602 86.3% W6, W1, WI2,W13, W16, W20
1998 | Sp3 0.477 81.7% W12, W14, W20
1999 | Sp3 0.329 79% W13, W19, W20
2000 | Sp4 0.317 68.7% W6, W9, W12, W20
2001 | Sp4 0.324 68.7% W6, W12, W14, W20
2002 | Sp3 0.319 74.7% W10, W12, W14
2003 | Sp3 0.3 74.3% W7, W12, W13, W20
2004 | Sp4 0.187 56.8% W6, W12, W13, Wi4
2005 | Sp4 0.311 67.4% W7, W8, W12, W14, W20, W24

Source: The author’s own calculations based on the SPSS software results
SUMMARY OF RESULTS AND CONCLUSIONS

As shown by Table 6, in all models the variables explained are SP3 or SP4,
so the remaining variables are these concerning three variants of the ownership
form (cf. Tab.1). The best model is the model for 1995 data. Models for subsequent
years provide a worse match, but McFadden-R” is generally higher than 0.3, and
count-R? usually reaches at least 70%.

Testing the significance of remaining variables has given very good results. It may
be stated that verification of statistical models has been positive. Thus, a statistical
link is visible between financial-economic performance and the form of ownership
of the enterprises from the “top 300 lists”. As Table 6 indicates, this relationship is
more pronounced in the earlier years of the time period in question. Not in every
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year the same economic characteristics become significant in the constructed
models. The explanatory variables that occur in the greatest number of models are
as follows: W12 (10 models), W20 (9), W6 (5), W13 (5), W14 (5), W7 (3). Other
variables - W9, W16, W24 — have occurred in two models, and W8, W10, W11,
W19, W23 and W25 — in one model. The variables that appears most commonly
are: W12, which denotes the ratio of equity to assets at the end of the year -
expressed as a percentage - and W20, meaning the average employment in the year
(measured in the number of persons).

Interpretation of a model will be shown on the example of the 2005 model.
SP4 has become the explained variable. It attains three variants: the first means
entities wholly or partially purchased (PZA, PM) , the second - leases (DSP, DOF,
DP) and the third - companies wholly owned by the Agency and agricultural
production cooperatives (JSA, RSP) (in 2005, administered entities, A, were not
present).

The direction of the impact of explanatory variables on the odds ratio of both
variant 1 and variant 2 to variant 3 (category 3 is the basic one) remains the same,
because the parameters corresponding to the variables retain the same signs for
variant 1 and variant 2. And so: an increase in the variable W7 decreased these
quotients, while an increase in the variable W8 increased them - and so on, as seen
in Table 4. Unfortunately, because of the fact that the ownership form is the cause
and not the effect of differencies of values of variables W7 or W8 we only can
deduce that W7 reaches greater average values for variant 3 and W8 — lower than
for variants 1 and 2.

Due to similar reasons the following analysis for e.g. variable W12 cannot
be utilised well. For this variable (the ratio of equity to assets expressed in per
cents), the estimated parameters are: Bywi2=-0.056, Bowi2=-0.046 (both significantly
different from zero).

Therefore, the conclusion can be drawn that as the value of variable W12
increases, the quotient of probability of variant 1 to the probability of variant 3
decreases (0.945 times per unit of W12) and the ratio of probability of variant 2 to
the probability of variant 3 also decreases (0.955 times per unit W12), ceteris
paribus.

One could also presume that with an increase in the value of the variable
W12 the ratio of probability of variant 1 to the probability of variant 2 decreases
(0.99 times per unit of W12), ceteris paribus. It does not have to be so, however,
due to the lack of significant difference between the parameters Biwi, and Bowiz, as
seen in Table 4. One should concentrate on the 291 companies involved in the
calculations, out of the three hundred entities found on the list for 2005.

Let us clear up why a form of ownership is not the explanatory variable, as
the probable cause of economic discrepancies i.e. why the models show only a
quantitative relationship between variables, without specifying the cause and effect
relation. In the case of “top 300 lists” the enterprises in the ratings are ordered by a
special synthetic measurement tool. This is a kind of weighted average of features
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W6, W9, W13 i W14, which, by ratings’ authors, best express different aspects of
economical effectiveness. Because of many reasons, the approach presented in the
present paper is more convenient to use. For example, it would be difficult to
determine the explained variable which would show economical effectiveness. If
the synthetic measurement instrument tool a.n., used in the analyzed ratings, is
supposed to be the explained variable then only one variable (W14) from 4
variables included in it has a significant link to the form of ownership (for the 2005
model).

It would be also difficult to establish optimal grouping of the ownership
forms into lower number of variants. They seem to be too numerous in the source
data. It is visible from the presented approach that the variable corresponding to the
form of property takes into account the optimum allocation of primary forms of
ownership into new variants. It becomes clear which variables are significantly
linked to the ownership form.

Another important question is whether it would not be sufficient to use the
standard approach i.e. to calculate usual descriptive statistics for the analysis of
these sets, possibly with carrying out tests to check the discrepancies in averages.

Of course it would be of worth to put into use the known measures of
relationship between features [Encyclopedia ..., 2008], like rank correlation
coefficients (of Spearman, Kendall), or correlation coefficients based on chi-square
test (Chuprov T-coefficient, Cramer’s contingency coeff.,, Yule’s coeff. of
association ...). However, application of these measures (of Spearman, Kendall)
requires the values of the variable Y to be ranged and each chosen order is very
arguable. On the other hand, setting ranks to values of potential eplanatory
variables, which are continous, would be meaningful when the space of their
possible values would be constrained. It could be done by laying down variants’
values corresponding to certain brackets of these variables’ values. Arrangement of
number and borders of these brackets is very arguable, too. Correlation coefficients
based on chi-square test also require an arrangement of number and scopes of
intervals of continous variables’ values. So, different results are obtained for
different arrangments. Finally, calculations of these different coefficients may only
provide an intuition about relationship between the variable Y and the others. It is
impossible to fix objectively, which variables are stronger and which weaker
correlated.

Without minimizing the rank of the standard approach, it appears that the
development of presented models is at least competitive. For example, for the year
2005 the average values of the variable W14 may be calculated and the variant 1 of
the variable SP4 becomes equal to 90.59, for the variant 2: 74.69 and for the
variant 3: 51.5. From the analysis of variable W14 in the model of the year 2005 it
can also be concluded that the average values of this variable for variants 1 and 2
are significantly higher than for variant 3.

First of all the approach selected by authors of the present paper shows how
forms of ownership should be grouped into a smaller number of variants. In
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addition, a comprehensive approach is imbedded in the model: the set of variables
found in it has a significant link to the variable that corresponds to the form of
ownership. Hence the conclusion which financial-economic characteristics mostly
coincide with the variant of ownership form.

Recapitulating, despite of considerable limiting of profits flowed from qualitative
variable’s model’s building, the approach seems to be advantageous anyway. First
of all it allows to look at the examined populations comprehensively and it is
competitive in relation to the standard approach.
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Przydatno$¢ wielomianowych modeli logitowych do badania zwigzku
formy wlasnoSci przedsigbiorstw rolniczych z wynikami finansowo-
ekonomicznymi

Streszczenie: W artykule podjety zostal problem pewnego ograniczonego
wykorzystania wielomianowych modeli logitowych do zbadania zwiazku
formy  wlasnosci  przedsigbiorstw  rolniczych ~ zpewnymi  ich
charakterystykami finansowo - ekonomicznymi, opisujacymi efektywnosé
gospodarowania. Do badan wykorzystano dane ztzw. list 3007
publikowanych przez "Nowe Zycie Gospodarcze". W kolejnych,
traktowanych odrgbnie latach wybierano po trzysta najlepszych
przedsigbiorstw rolnych sposrdd tych, ktore cheiaty wziaé udzial w rankingu.
Tworcy list brali pod uwage przedsigbiorstwa, ktore powstaly z majatku
Skarbu Panstwa w latach dziewigédziesiatych XX w

Stowa kluczowe: przedsigbiorstwa rolnicze, formy wiasnosci, wskazniki
efektywnosci gospodarowania, wielomianowe modele logitowe
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BUDGET SURVEY
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Abstract: In the paper the results of small area estimation using empirical
best linear unbiased predictor (EBLUP) for the data coming from Polish
Household Budget Survey are presented. The results were obtained using
small area models of household expenditures for regions. Estimation of sam-
pling errors was conducted by means of the balanced repeated replication
(BRR) technique. The estimation of EBLUPs and their corresponding mean
square errors (MSE) was carried out using variance components technique.
To calculate MSE of EBLUP the maximum likelihood method (ML) and re-
stricted maximum likelihood method (REML) were used. The computation
was made using SAE package designed for R-project.

Key words: small area estimation, empirical best linear unbiased predictor
(EBLUP), household budget survey, variance estimation

INTRODUCTION

The main objective of many modern sample surveys is to provide estimates
of totals, means and other parameters not only for the population but also for
subpopulations (or domains) such as geographic areas and socio-economic groups.
Direct estimates of domain parameters are based only on domain specific data. It
is seldom possible to have overall sample size large enough to support reliable
direct estimates for all the domains of interest. Therefore, it is often necessary to
use indirect estimates that ,.borrow strength” by using values of the variables from
related areas and thus increase the ,,effective” sample size.

The paper is focused on the following two areas:

» To present shortly the theoretical background of the EBLUP estima-
tion for the basic area level models.
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= To apply the EBLUP theory in order to improve the results of the es-
timation in the case of the household expenditures in Poland.

EBLUP ESTIMATION

Small area means or totals can be expressed as linear combination of fixed
and random effects. Best linear unbiased prediction (BLUP) estimators of such
parameters can be obtained in a classical way using BLUP estimation procedure.
BLUP estimators minimize Mean Square Error (MSE) within the class of linear
unbiased estimators and do not depend on the normality of random effects. Maxi-
mum likelihood (ML) or restricted maximum likelihood (REML) methods can be
used to estimate the variance and covariance components, assuming normality.

The EBLUP procedure was applied in many important statistical surveys
conducted all over the world. The pioneer work in this area was that of Fay and
Herriot [Fay and Herriot 1979], where EBLUP technique was used for evaluating
per capita income and some other statistics obtained for counties. Application of
EBLUP estimators for the Survey on Life Conditions in Tuscany by Pratesi and
Salvati [Pratesi and Salvati 2008] introduced the spatial EBLUP. EBLUP estima-
tors were also discussed in detail in the EURAREA project [EURAREA consor-
tium, 2004], where one of the discussed variables was household equivalent in-
come. A report entitled “Social Exclusion and Integration in Poland: An Indicators-
based Approach” [UNDP, 2006] prepared for UNDP (United Nations Development
Programme) presented the benefits obtained from the EBLUP technique applied for
average equivalent income.

The examples described below are based on a special kind of the general lin-
ear mixed model which is widely known as basic area level model [Rao, 2003]

y=Xp+v+e )

where: y - is nx1 vector of sample observations, X - known matrix of explanatory
variables, P - is vector of linear regression coefficients, v - area-specific random
effect vector, e - sampling error vector.

It is usually assumed that v and e are independently distributed with mean 0
and covariance matrices G and R respectively.

EBLUP estimator for the small area model given by (1) has the following
form :

0,500 = XB+ MGV (y—XB) 2
where:

p=X"V'X)"'X"V'y. 3)
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M is the identity matrix, and G is the matrix with non-zero diagonal and its values
are equal to O'V2 which is the model variance. It is usually computed using special

iterative procedure that applies the Fisher algorithm.
Fisher “scoring” algorithm is a form of Newton- Raphson method used to
solve maximum likelihood equations numerically. In the case of basic area level

models, the variance component O'VZ can be obtained by means of the following
iterative formula:

o) = ol + ()] s(B.0)

“)

where: | (o' )= IZ; denotes the Fisher information,
i=1 (0- +l//)
2
z is a score function, i, - sampling
2 Y (07 +w)

s(B,07) = Z p”

variance for the region

rr 2

PRECISION OF THE EBLUP ESTIMATION

Mean square error estimate (MSE) of EBLUP can be obtained from the fol-
lowing formula:

MSE(0,,.,) = 2,(8) = b} (8)Vg,(8) + 2,(8) +22,(J) )

where d is a variance dependent parameter. Using this formula we usually assume
that the mean square error of EBLUP is the sum of three main elements g;, g
and g; which are described by the following equations:

£,(0) = diag(G-GV™'G) (©)
2,,(0) =X, ~m’GV'X)(XV'X)"' (X, -m'GV'X) %
2,(8)=(m] (V' =G(V'V)V(m/ (V' -GV V)" ®)

where m; is a vector with zeroes for all elements with exception for the element
having an index i while I is the inversed Fisher information matrix.

The additional bias factor b§(3)Vg1(3) emerges only in case of the maximum

likelihood (ML) estimation and can be calculated using some special formulas (see:
Rao, 2003, page 129). This drawback of the ML method, connected with not taking
into account the loss in the degrees of freedom coming from the estimation of re-
gression parameters f§ can be omitted using REML.
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Restricted (or residual) maximum likelihood (REML) is the method for fit-
ting linear mixed models that produces unbiased estimates for variance and covari-
ance parameters. In the case of REML the computation algorithm is almost identi-

cal except that in the procedure that evaluates O'f a special P matrix instead of

V! matrix is used as follows:
P=V'-(v'XX'"V'X)'X"VH )

The MSE for REML variant is computed using a simpler formula. Here the
bias factor is neglected:

MSE(QEBLUP—REML):g1(5)+g2(8)+2g3(5) (10)

APPLICATION ON THE BASIS OF THE POLISH HOUSEHOLD
BUDGET SURVEY

Sampling frame for Polish HBS is a list of census enumeration areas (CEAs)
prepared by means of the census data. It is updated annually according to the in-
crease of dwellings due to the completion of new buildings, and the decrease of
dwellings due to the demolition of buildings and changes in administration division
of the country. In some cases the Census Enumeration Areas are linked together, to
achieve the minimum primary sampling units’ size, that is set as 250 dwellings for
urban areas and 150 for rural areas. The two-stage sampling plan is used and pri-
mary sampling units (PSU) are selected with probabilities proportional to their size
using Hartley-Rao method. In each PSU 24 dwellings are selected (with 2 dwell-
ings for each survey month and this dwellings are interviewed also in the same
month next year). Additionally, in each PSU 150 dwellings are selected as a re-
serve sample, which is used in the case of non-response. The stratification is done
by 16 voivodships, and in each voivodship, according to the class of size of locali-
ties and urban-rural criteria. Large cities constitute separate data. The number of
strata in each voivodship ranges from 3 to 12. Altogether there are 96 strata.

In order to reduce the effect of unequal selection probabilities for Primary
Sampling Units (PSU) the survey results are specially weighted. The starting point
of each dwelling weight is the inverse proportion to its inclusion probability. The
non-response coefficients in Polish HBS are relatively high and considerably affect
the socioeconomic structure of households in the sample. To reduce the non-
response bias the special weights from internal, as well as from external sources
(e.g. Labour Force Survey), are applied [Kordos et al., 2002] . Balanced half-
samples technique (BRR) is used to determine the standard error.

In the paper the results for some models using data from Polish HBS are pre-
sented. These models were constructed using different sources of data that come
from Polish Public Statistics and also from administrative data. Firstly we present
the region (voivodship) model for per capita expenditures. The exploratory variable
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is per capita value of GDP for regions. The ordinary linear regression model
y=a,+ax can be summarized as follows:

y=411,70+2,35x
t, (12,01) (6,46)

o

The value of determination coefficient (R?) is 0,748, the value of corrected
R?is equal to 0,730, the F statistics is 41,749 and standard estimation error is equal
to 28,994.

As it is showed in table 1, EBLUP estimator gives systematically lower MSE
values and they are slightly greater for the REML variant. The reduction of relative
estimation error (REE) for the EBLUP estimates is presented in figure 2. The fig-
ure presents the results for various models with different characteristics (including
models for expenditures of consumer goods and services- food and non-alcoholic
beverages, clothing and footwear, housing water, electricity, household equipment
and routine maintenance of the house, health, transport, communication, recreation
and culture etc).

Table 1. Per capita expenditures for regions- direct and EBLUP estimates

. Direct Varignce EBLUP |MSE EBLUP- | MSE
Region estimates for. direct | - . ML | EBLUP REML - | EBLUP-
estimates | estimates | - ML estimates | REML
Dolnoslaskie 647,79 518,93 650,41 299,38 |650,14 328,68
Kujawsko-Pomor. 590,69 401,36 605,40 258,07 |603,75 279,49
Lubelskie 593,77 107,58 590,99 98,19 |59141 100,17
Lubuskie 630,53 724,69 621,54 345,22 622,25 386,97
Lodzkie 654,95 164,02 648,37 137,85 |649,32 142,92
Matopolskie 615,67 79,74 615,46 73,92 61548 75,14
Mazowieckie 792,14 203,72 787,08 200,98 | 787,81 203,33
Opolskie 655,04 314,92 632,88 224,96 |635,53 239,90
Podkarpackie 566,18 170,67 569,54 145,62 | 569,03 150,60
Podlaskie 592,42 44,06 592,29 42,56 592,31 42,88
Pomorskie 661,88 86,81 659,07 79,86 |659,52 81,31
Slaskie 655,84 180,23 659,15 150,91 |658,68 156,59
Swiqtokrzyskie 569,74 598,05 584,30 323,31 | 58291 357,60
Warminsko-Mazur. | 570,39 295,84 580,77 216,06 |579,45 229,61
Wielkopolskie 597,73 164,07 613,17 139,03 610,92 143,93
Zachodniopomorskie | 654,69 415,63 645,63 263,35 | 646,59 285,77

Source:own calculations using HBS data, WesVar software and SAE package for R-project
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Figure 1. Relative estimation error values for direct, EBLUP and EB estimators

Relative estimation error (REE) for different models that describes various
expenditure variables for regions
using direct, EBLUP and empirical bayes estimators
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Figure 2. Relative estimation error reduction for EBLUP and EB estimators
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In order to assess the variability of variance elements g;, g, and g; new
measures of such variability are introduced, that allow to evaluate the share of each
element in the overall MSE value. For g, element it can be expressed as follows:

Relg, = g,/ MSE(,0p) (11)

Analogical measures can be obtained for g, and g;

According to the results presented in this paper, using EBLUP technique im-
proves the quality of the estimation. Observed reduction of MSE proves this. How-
ever, because of the method of MSE estimation, this results can be rather treated as
good approximation.

Values of MSE obtained using EBLUP technique are more adequate than the
values obtained using the naive EB procedure. This result is consistent with the
theory. More details concerning the procedure for empirical Bayes (EB) estimation
can be found in [Bracha et al, 2004]. It can be supposed that in the future some
kind of compromise will be reached to become certain about the reliability of the
methods discussed here. The comparison of different implementation methods of
estimation may also be useful in this field.

Figure 3. Histogram of relative G1 element values for two variants of EBLUP estimation
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Figure 4. Histogram of relative G2 element values for two variants of EBLUP estimation
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Figure 5. Histogram of relative G3 element values for two variants of EBLUP estimation
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5. CONCLUSIONS

EBLUP and other indirect estimators are likely to be more efficient than
the corresponding direct ones as a result of “borrowing strength” from other do-
mains in time and in space.

The EBLUP estimation procedure, based on a general linear mixed model,
has an additional advantage of taking into account the between-area variation be-
yond that explained by the auxiliary variables included in a regression model.

Analyzing the empirical results presented in the paper one can easily notice
that the EBLUP technique improves significantly the estimation quality. The mean
square error reduction, as compared to the direct estimates, proves this. However,
because of the method of MSE estimation, these results can rather be treated as
good approximations.

The problem of effective MSE estimation is of great importance and
should be analyzed in detail. In the paper the empirical distributions of mean
square error components for EBLUP have been presented and discussed.

The obtained dependencies reveal that g; component has the main share in
the overall MSE value. In some cases this share is greater than 90%, what may
indicate that the implementation of MIXED procedure in SAS system, where only
the first two elements are taken into account - see [Rao 2003, Part 6.2.7, p 105] -
may give also proper results.

In most cases the share of g, component is not greater than a few per-
cent but it is worth mentioning that for some models its contribution to the overall
MSE value is much higher- even 90%. This result suggests that g, can also play an
important role in MSE estimation.

The g; element’s share is usually smaller than 5% but the most frequent
values are smaller than 1% what easily explains its supplementary role. However,
also because of this — it shouldn’t be neglected in MSE estimation.
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Zastosowanie estymatoréw eblup do analizy malych obszarow na pod-
stawie badania budzetow gospodarstw domowych

Streszczenie: W artykule przedstawiono wyniki estymacji dla matych obsza-
row w Polsce otrzymane z wykorzystaniem estymacji bezposredniej oraz me-
tody EBLUP (empirical best linear unbiased prediction). Analizy prowadzo-
ne byly na podstawie proby pochodzacej z Badania Budzetow Gospodarstw
Domowych oraz informacji dodatkowych pochodzacych ze zroédet admini-
stracyjnych. W celu przeprowadzenia estymacji EBLUP oszacowane zostaly
modele wydatkow gospodarstw domowych, uwzgledniajace rowniez zmien-
no$¢ pomigdzy obszarami. Oszacowania wariancji dla estymatoréw bezpo-
$rednich otrzymano za pomoca metody replikacyjnej BRR (balanced repe-
ated replication). Estymatory EBLUP wraz z ich bigdami sredniokwadrato-
wymi oszacowane zostaly za pomoca techniki komponentéw wariancyjnych.
W celu uzyskania ocen btedéw sredniokwadratowych dla EBLUP zastoso-
wano metod¢ ML (najwigkszej wiarygodnosci) oraz metode REML (naj-
wigkszej wiarygodnosci z restrykcjami). Obliczenia prowadzone byly w pa-
kiecie SAE dzialajacym w srodowisku R.

Keywords: statystyka matych obszarow, estymacja EBLUP, estymacja wa-
riancji, badanie budzetow gospodarstw domowych
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Abstract: Case study describing estimation of Marketing Mix econometric
sales modelling on packaged food fast moving consumer goods product.
Model bases on two step modelling approach, using ordinary least squares
method. Adstock data transformation has been used to evaluate advertising
impact with time distributed lag. Paper presents non-linear relations between
market distribution, consumer price levels and advertising as well as 52
weeks forward sales forecast accuracy evaluation.

Keywords: Marketing Mix Modelling, Advertising, Sales Forecast, Fast
Moving Consumer Goods (FMCG).

INTRODUCTION AND THEORETICAL APPROACH

The Following paper illustrates the estimation and evaluation of Marketing
Mix econometric sales modelling on FMCG product. This technique is recom-
mended in brand managing (Rdészkowska 2002) and particularly in advertising
management (Beliczynski 2007) and become very popular in recent years. This
kind of modelling evaluates impact of marketing activities (independent variables)
on sales of the product (dependent variable). As in every modelling, the key de-
pendent factors have to be included into model. There are many theoretical frame-
works identifying the most impactful marketing factors, but in this paper the most
popular will be used. The 4P’s theory was first formulated in 1960°s (McCarthy &
Shapiro 1975) and since this time very has been very well described and evaluated
(Kotler 1999). This theory identifies key factors as Product, Price, Place and Pro-
motion (4P). Product represents all physical features like size, packaging or quality.
Place describes all issues related to point of sales: size of stores, number of stores
or supplies. Price includes regular product price but also all discounts and price
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promotions. Promotion represents all kind of advertising, public relations and mer-
chandising.

One of the most difficult marketing objectives for marketing mix modelling
is evaluating the effect of advertising. This part of promotion is usually the highest
position in brand marketing budget (Zyman 1999) therefore should be included in
proper modelling.

The most common method for advertising modelling is called Adstock
which is similar to time distributed lag. The transformation represents fact that
effect of advertising impact can be observed long after end of advertising cam-

paign.
A =T, +A4_,,t=1...n (1

-1

Where A, is the Adstock at time ¢, T; is the value of the advertising variable
at time 7 and A is the ‘retention’ or lag weight parameter. Inclusion of the 4, ; term,
imparts an infinite lag structure to this model, with the effect of the first Adstock
term, approaching zero, as t tends to infinity.

Adstock parameter A can be interpreted in the models as percentage of effec-
tively remembered ad contact from previous week plus contacts from current one
(Broadbent, 1979). In literature it is frequently called “Ad Retention”, there are
also two other popular terms which are describing the same phenomenon: “Decay
Factor” simply equals /-4 and “Advertising Half-Life” which represents time
needed to halve advertising effect. All three coefficients can be simply recalculated
to each other.

There are no strict norms for ad retention and there are two popular theoreti-
cal approaches. In the first, the predefined lambda is determined for the model,
(usually 80% or 90%) probably based on classical Emshoff and Mercer research
(1970). The other recommended method is to set this parameter during modelling
(Hanssens 2003). Some newer academic analyses suggest the most typical half-life
range to be around 7-12 weeks (Leone 1995), approximately equivalent of
A =90%-95%.

Adstock is only a mathematical transformation; its real-world nature is still a
matter of discussion. Generally there are two opinions; one is that Adstock repre-
sents forgetting ad contacts with time, the other that it is caused by behavioural
habit (Jones, 2002) created by advertising.

Advertising can be divided into two areas: creation and media planning
(Czarnecki & Korsak 2001). Media planning focus on finding best campaign tim-
ing, most effective media and the optimal investment levels (Sisstors & Bumba,
1996) . The model was designed to help the planning process, so it is focused on
constant in time advertising performance, rather than on a particular creative’s
effectiveness.
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CASE DESCRIPTION

The analysed brand is owned by international corporation mainly focused on
processed food market. The product belongs to broad salty snacks category. The
brand was introduced to the UK market two years before analysis and still is in its
early life stage.

THE DATA

Because the analysis was needed urgently the following data was chosen:

Sales in Quantity — delivered by AC Nielsen from their store panel. The data
represents sales in Units. Units should be interpreted as number of packages or kg
of products. This distinction doesn’t change interpretation, but helps shield clients’
sensitive data. Sales Data provided on a weekly basis and represents sales in multi-
ple stores.

Sales In Value - delivered by AC Nielsen from their store panel. Defined as
the total amount of money (GBP) spent on the product at the cash points. Data
provided on a weekly basis, aggregated on a national level, and represents sales in
multiple stores.

ACYV Percentage Distribution — All commodity value weighted retail distri-
bution from AC Nielsen. The measure estimates the percentage of stores where the
product can be purchased. Each store is weighted by its sales potential to reflect the
real power of distribution. This is illustrated by an example; suppose that town X
has 10 stores. However, one of them is a megastore and represents 50% of all trade
in the town. If our brand was present only in this store, its ACV Distribution will
be 50%. (Curry 1993). Data provided on a weekly basis, aggregated on national
level and represents sales in multiple stores.

Ad Spend - delivered by Nielsen Media Research through AdDynamix. Data
provided from an independent monitoring system. Methodology based on monitor-
ing of actually broadcasted/issued advertisements across different media. Each
advertisement is attributed to a specific brand, and its cost is estimated. The costs
are provided based on the rate-card, which means an official published cost of the
placement. The real costs are significantly lower and depend on individually nego-
tiated discounts for clients. For a mid-size client in UK, we estimate a discount of
35%-45% off the rate-card price. The discount is constant year to year. Data pro-
vided on a weekly basis and aggregated on a national level.

No other data had been used in modelling.

To find the representation of price, the sales (in value), were divided by sales
(in volume) in each week. The result was an average purchase price for each week.
This number helped to evaluate also effect of in-store promotions (like 2-for-1
offers), when display price is on the same level, but quantity of product increases.

This recalculated indicator also addressed multiple display prices in different
stores within the same week. The indicators worked on total aggregated numbers
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so for example, in a certain week 1000 units were sold for total amount of 800
GBP, the calculated average price was 80p. This indicator will be called “price”
later on.

The advertising date ware transformed using ad stock method. As previously
mentioned, the most typical A is in range 0.8 — 0.95. However, it is noted that A
varies strongly on different products and advertisements. In some product catego-
ries, it may be lower than 0.5, especially where direct response is a modelled vari-
able. Therefore, in this case the best fitting A was evaluated from whole theoretical
range (0,1). There were five advertising bursts (campaigns) with different pressure
during modelling period. According to different A, their influence on the model
varied significantly. (Fig 1)

Figure 1. Example of Adstock transformation according to A.
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MODELLING PROCESS

The first model tried to build simple single equation model, and failed. Error
had a tendency to rise with time. It was for this reason, building a two-step model
was considered.

Sales were almost constantly increasing because brand was relatively new
and still building its market distribution. ACV distribution was the highest corre-
lated factor. The first model was built to evaluate regression only from ACV on
sales.

S, =0 *ACV 2

where: S, = Estimated sales in units modelled by distribution, S, = Actual Sales
units
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The ordinal least squares method was used. During modelling, the constant
was removed because it had a low influence, and was statically not significant. It
has also clear economic interpretation; when distribution (ACV) is equal zero, the
product is not available in the market, therefore sales is null.

Figure 2: Model 1 fit
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Residuals from the first stage model were transformed to relative fractional
values with this simple formula.

S, =" (€)

where: S, = Actual Sales units, S, = Relative residuals from model 1

The transformed residuals became a new time series for modelling in stage
two. Again, the ordinal least squares method was used. The independent variables,
Adstock and price, were used. Adstock A was tested to find the best fit model —
process was made by overall model R?, maximising by changing A. (Fig. 2) Finally,
the 2=96.1% was found as the best fit (equivalent of half-life 17.42 weeks). This
level was also the most statistically significant (fig. 3).

S =p,- AdSt+ B, - Price + [, @)

Where S, = Relative residuals from model 1, S, = Actual Sales units (measured),
AdSt= Adstock, Price = average product price
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Figure 3. Model 2 fit
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Figure 4. Combined model fit
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The models were combined to make calculation easier. The formula allows
calculation of estimated sales in a single equation. The overall effect of applying
two step models estimated sales on satisfying level (Fig 4). There were some prob-
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lems with accuracy in three periods (around week 15, 50 and 75), but the general
shape fitted to all local maximums and minimums.

S, =B, ACV(p, - AdSt + f3, - Price + J3,) )

where Spo=Estimated sales in quantity (units)

It is worth noting that if number of units sold is estimated, and price for av-
erage unit is known, the next step would be to multiply equation by sides by price
to gain value of sales. This transformation is acceptable (Hanssens 2003) in market
mix modelling.

S, =B,- ACV(B, - AdSt + B, - Price + B,)- Price (6)

where S)= Estimated sales in value (Sqo*Price)

To summarise the modelling process the two ordeal least squares regression
were used. The first model estimates sales in units by B, parameter its R* equals
0.89. The second model evaluates effect of Adstocked ad activity 3, and price 3; on
residuals from the first one. Its adjusted R* equals 0.72 and unadjusted 0.71. All
coefficients including constant are highly statistically significant. (Tab 1)

Table 1. Equations parameters

Variable Distribution Adstock Price Constant
Coefficients B1 B2 B3 B4
Value 4352.015595 | 4.60806E-07 | -2.458696295 | 3.005917229
S(B) 155.1746507 | 7.98862E-08 | 0.179689217 0.169324788
stat t 28.04591844 | 5.768273588 | 13.68304863 17.75237558
p-value 2-sig | 1.93928E-60 | 4.66054E-08 | 6.88719E-28 3.47167E-38
skokok dkok P )
p-valuel-sig 9.6964E-61 2.33027E-08 | 3.44359E-28 1.73583E-38
skokok dkok P )

Source: own calculations)
MARKETING INTERPRETATION AND DISCUSSION

The model has quite an intuitive interpretation. For each percent point of
weighted market distribution (ACV), the theoretical constant unit sales were gener-
ated. Then this theoretical level was modified by advertising and price factor. The
advertising and price worked proportionally to build distribution. Simply speaking,
the more people that are able to purchase the product, the more impactful price and
advertising are. Price had a negative effect (higher price lower sales) and Ad-
stocked advertising had a positive effect (more advertising, bigger sales). Advertis-
ing seemed to work very long-term, even after 17 weeks its effect was only halved.
However, it is coherent with Leone (1995) works.
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The Price, ACV and Adstock were highly connected and in the equation, and
interact with themselves. Charts were quite difficult to read. The most important
factor was ACV distribution, therefore wherever it was possible, different levels of
ACV were charted.

The unit sales were related to price in a linear way. Lower price generated
higher sales. When analysed with zero advertising the level 1.22 was the highest
price that generated positive sales. However, for sales expressed in value, effects
were non-linear. Maximal sales were generated when the price was set to 0.61 (no
advertising).

Another interesting question is ‘What is the most profitable price level’? We
did not have data regarding company cost levels per unit (manufacturing, packag-
ing, transport etc) but it was assumed at 0.40. This was a little lower than the low-
est observed price in analysed period. This assumption was done to show how the
model can be used by clients. In this case, the optimal price level was 0.81 (without
advertising) (Fig 5).

Figure 5. Price impact on sales and profitability
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The effect of increasing price elasticity (because of advertising), was also
observed. With null ad pressure the maximal price was 1.22, but with strong Ad-
stock presence it rose above 1.4. The same shift occurred on optimal price for prof-
itability, it rose above 0.91 from the effect of strong ad pressure. The effect of in-
creasing customer’s price elasticity as a result of advertising was identified as the
most profitable on UK market (Binet & Field 2007) in recent IPA case study base.

Adpvertising works in long time, its effect despairs with ratio 96.1% per
week. Product familiarity had a key effect on product sales and advertisements
were well remembered. Each invested amount of money paid itself back 88% of its
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Adstock in the first year, and the rest was present in the following years. The
amount of generated sales was proportional to market distribution level ACV.
There was also the effect of shifting consumers’ price elasticity because of adver-
tising. People seem to accept higher prices when the effect of advertising is pre-
sent.

FORECASTING AND MODEL EVALUATION

Unfortunately because of external factors the model had never been used in
planning. But when the following year’s data became available, it was great oppor-
tunity to check model accuracy on real values. Again all data was taken from the
same sources but further modelling was not made. The proposed approach belongs
to ex-post methods and MAPE parameter has been used to evaluate model per-
formance (Witkowska 2006).

This exercise checked how accurate the findings from the first two years
modelling were, for product sales dynamics in the third year. In the 52 weeks, new
promotions and price levels had been created, and also a new ad campaign was
broadcast. There was also a significant increase in market penetration (ACV) from
50% on beginning to 62% by the end of forecast period. This meant that all signifi-
cant factors were not stable (which makes a good testing period).

The model seemed to be useful in long-term predictions. The 52 forecasted
weeks are the usual annual marketing planning period. The model predicted the
whole period sales with 3.7% error and its mean absolute percentage weekly error
(MAPE) was equal 12.4%. The model was also stable in time and had no tendency
to accumulate error in time (fig. 6). Forecasts from the end period were not worse
(and sometimes were better) than those from early data closer to the modelling
period. (Table 2)

Table 2. Forecast Evaluation

13 week quarters Q1 Q2 Q3 Q4
Absolute % Error - Total Period 8.1% 1.4% 1.3% 3.1%
MAPE weekly 8.2% 7.2% 22.2% 11.5%

Source: own calculations

It should be noted that all local minimums and maximums were properly in-
dicated. Only the strength of sales response were underestimated in the lowest
price (0.7) periods, around week 111 and 138. The prices at this level were almost
not present in modelling period. This may indicate a nonlinear price response curve
application for the following year’s modelling.
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Figure 6: Model evaluation
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CONCLUSIONS

The case showed that market mix modelling can be successfully applied to
brands, even when they are in early life stages or a dynamic growth period. The
publicly available market monitoring data like AC NIELSEN can be a base for
modelling and in situations where a company does not gather its own marketing
data, this is sufficient enough to understand market dynamics. The most important
conclusion is that properly built marketing mix models are able to forecast brand
sales performance. This forecast can be accurate enough to set advertising strate-
gies and marketing activities over a one-year period. This time scale allows brand
managers to build their annual plans more precisely and improve their return on
investment.
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Predyktywne modelowanie marketing mix na przykladzie marki z kate-
gorii débr szybkozbywalnych opakowanej zywnosci z uwzglednieniem wplywu
reklamy i ceny

Streszczenie: Artykul ilustrujacy estymacje modelu ekonometrycznego
sprzedazy na przyktadzie produktu z kategorii dobr szybkozbywalnych opa-
kowanej zywnos$ci. Model opiera si¢ na podej$ciu dwukrokowym z zastoso-
waniem metody najmniejszych kwadratow. Do modelowania wptywu rekla-
my z roztozonym opoéznieniem zastosowano transformacje Adstock. Artykut
opisuje nieliniowe zalezno$ci pomigdzy dystrybucja produktu na rynku, ceng
produktu dla koncowego konsumenta i naktadami reklamowymi jak rowniez
oceng trafno$ci prognozy modelu dokonang na 52 tygodnie naprzod.

Stowa kluczowe: Modelowanie Marketing Mix, Reklama, Prognoza sprze-
dazy, Dobra szybkozbywalne (FMCG)
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Abstract: Worldwide tendency to decrease interest rates is a major threat to
the Polish banks in the long term. In the future, the traditional way of con-
ducting banking activities will have to be modified. The starting point for
creating new strategies for Polish banks should be to depart from net interest
income as the core model of generating banking income and embrace the
prompt development of broadly understood non-interest activities such as
private equity. Shift from typical of commercial banking sector loan-deposit
to capital market activity may create many benefits for the Polish banking
system.

Keywords: net interest margin, commercial banking system, private equity

INTRODUCTION

Since the early 1990s, Europe has seen the extension of the range of prod-
ucts in the banking market. The traditional financial services based on the trans-
formational function of banks, such as providing credit and offering deposits,
started to generate smaller profits and began to decline [Koeppen J. 1999 and
Schildbach J. 2008]. In turn, the more profitable, individual consultancy services
focused on solving the clients’ problems became increasingly widespread in the
financial market. Moreover, the practice of investing banks’ own funds as well as
those of their clients in the capital market has spread. [Debski W. 2005]. This is the
effect of the deregulation processes observed in the early 1990s. Monetary integra-
tion and the policy of a low, stable interest rate pursued by the European System of
Central Banks provided new impulses for a further reduction of margin, which was
also triggered by the increasing competition in the banking sector [Baka W. 2005].
Consequently, Europe has seen institutional transformations leading to the gradual
disappearance of the division into commercial and investment banking [Solarz J.
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1997 and Ostrowska E. 2005]. At the same time, the position of the securities mar-
ket has grown while the banks’ financing of businesses through credit flow has
declined. This is a characteristic tendency called the “disintermediation” of bank-
ing services. [Korenik D. 2005]. It should be anticipated that this tendency is going
to continue as according to a view widespread in the European Union, an efficient
capital market is raison d’état for every modern country [Korenik D. 2005 and
Czechowska D. 2004].

The author shares these views. However, as regards the Polish financial
market, this kind of behaviour is not confirmed by business practice, which is
shown in the analysis of data presented in the further part of the paper.

The condition of the financial sector is of particular importance in every
country, as it is the venue where both economic entities and households keep or
invest their savings. Moreover, without the flow of credit the development of mod-
ern countries is hardly conceivable. Thus, it is little wonder that in developed coun-
tries the value of assets amassed by this sector is many times their GDP [Schild-
bach J. 2008].

In many countries, Poland included, the functioning of the banking sector for
the most part depends on the situation of the banks, which have been the most
prominent actors in the financial market to date'. Due to the huge gap between
socialist and free market banking systems, the Polish banking sector has undergone
dramatic transformations and has become a modern and profitable sector in terms
of organizational solutions. Its stability has now been proven by withstanding the
world banking crisis. In contrast to many more developed countries, the Polish
financial sector, at least in the first several months of the crisis, did not witness
collapsing banks or drastic actions by the government or the Central Bank aimed at
preserving its stability.

However, even before the crisis, some symptoms of potential difficulties to
the development of this sector had surfaced. Furthermore, these phenomena do not
seem to disappear in the future; just on the contrary, they might intensify after the
end of the worldwide events started by the subprime crisis in the USA. The author
believes that the potential threats are rooted in the income structure of the sector
and will increase in the future. The main goal of this study is to illustrate these
problems. This article focuses on analysis of banks’ net interest income and net
interest margin.

ANALYSIS OF BANKING PERFORMANCE

Net interest income is the difference between the value of interest earned by
a bank (mostly from its lending activities) and the value of interest paid on the
capital it borrows in the financial market. In this article, this difference in absolute
terms shall be called “net interest income”, while in relative terms, whenever it

! Sytuacja finansowa bankéw w 2006 roku. p. 35.
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refers to measures such as the volume of a bank’s assets or earning assets, it shall
be called a net interest margin (given in the form of a percentage).

Table 1. Breakdown of banking income by type of income in Polish commercial banks in
the years 2001-2007, in %

Specification 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | Mean

Net interest income 51.6 | 533 55.0 | 555 57.6 | 582 | 578 55.6

Non-interest income 484 | 46.7| 45.0| 445 424 41.8 42.2 44.4

3 | Feeand commission | 21.2 | 225 | 275 279 | 235] 259 ]| 267 | 250
income

4 Foreign exchange | 18.8 | 149 12.6 | 108 | 13.2 9.2 891 12.6
income

5 Income from finan- 6.3 8.0 32 4.5 3.0 3.3 4.1 4.6
cial operations

6 Income from shares 2.0 1.3 1.7 1.3 2.7 34 2.6 2.1
and securities

7 | Income from ban- 100.0 | 100.0 { 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0
king activities

Source: own work on the basis of synthetic data from Sytuacja finansowa bankéw za lata
1998-2006 National Bank of Poland Warsaw 1999-2007 and Raport o sytuacji bankow w
2007 roku Polish Financial Supervision Authority Warsaw 2008.

The structure of income of Polish commercial banks is shown in Table 1.
Every year in the period under study, net interest income was the prevalent source
of generating banking income in Poland. The table presents a gradual decline of its
share in banking revenues in the years 1998-2001 (down from 69.7% to 51.6%).
Starting with 2002, this manner of generating banking income has been slightly but
systematically growing. Its share in banking income at the end of the period under
study was 57.8%.

Total non-interest income constitutes less than half of banking income in Po-
land, which is shown in Chart 1.

The amount of net interest income is subject to two factors. First of all, it de-
pends on the large spread of interest rates on loans and deposits as well as on a
large turnover, i.e. even at a low difference between the interest rates sizable net
interest income may be generated by a substantial volume of transactions.

In terms of revenues, the core part of net interest income is constituted by re-
ceivables from the non-financial sector which form the greatest share of assets.
They are the most profitable part of assets in Poland. Double-digit interest rates on
loans are now widespread, while interest on interbank deposits barely exceeds 6%.

% Not shown in the table see Sytuacja finansowa bankow za lata 1998-2007 National Bank
of Poland Warsaw 1999-2008.
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In the years 2004-2006, interest rates on one year deposits were approximately 4%.
If one takes into consideration the so-called “Belka tax” (a capital gains tax), in-
come from depositing money in banks by both individual and institutional clients
has been largely marginalized in Poland.

Chart 1. Percentage share of interest and non-interest income from the banking activity
of commercial banks in the years 2001-2007
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Source: own work on the basis of synthetic data from Sytuacja finansowa bankéw za lata
1998-2006 National Bank of Poland Warsaw 1999-2007 and Raport o sytuacji bankow w
2007 roku Polish Financial Supervision Authority Warsaw 2008.

Table 2 shows the relationship between net interest income and total banking
income in reference countries’.

Table 2. Share of net interest income in total bank income in 2006, in %

y

Specification s 5 | = T A ol B | B e = g |EU25
E|l 2| 2| 5| =|5=2 5| = |& & | 2
5| 2| 5| S| |82 5| &8|g E| 2
Qlw | & | & | & (O = |l 3 [O=F = | O
Indicator value |48.2(52.5|54.7|58.2|59.2(61.1|62.3|63.1|63.7|67.8|69.1| 52.5

Position in the
population under | 5 8 10 |13 | 15 | 16 | 18 | 19 | 20 | 22 | 24
study

Source: Own work on the basis of Schildbach J. European banks: The silent (r)evolution Deutsche
Bank Research Frankfurt am Main Germany 2008, p. 30. Data on the basis of publications by the
European Central Bank, International Monetary Fund, Swiss National Bank. The study covers EU25
countries + Switzerland. Maximum — Malta (72.9%), minimum — Switzerland 28.6%. The data calcu-
lated by the author are weighted means, where the weights are the relative sizes of the banking sectors

3 Data reported by the National Bank of Poland and the European Central Bank differ by
0.4 percentage points for unknown reasons, which translates into a relative error of 0.7%.
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in the selected countries. The abbreviation EU25 means European Union states without Bulgaria and
Romania.

The leaders in this classification are countries not shown in the table, i.e.
Switzerland, Luxembourg, France and Belgium, whose shares are 28.6%, 33.3%,
36.8% and 47.5%, respectively [Schildbach, 2008]. Poland, with its share of
slightly below 60% comes 13" in a sample of 26 elements, and 4™ in terms of ref-
erence countries.

These data throw some light on the situation in Poland and Europe, but a
clearer picture emerges upon analyzing the weighted mean of the share of net in-
terest income in total bank income in selected groups of countries. The weights are
the volumes of assets amassed in particular banking sectors in the population of
countries under study. This is shown in Table 3.

Total population in the study includes EU25 and Switzerland. In this group
of countries, the share of net interest income weighted by the size of banking sector
assets was 51.3%. The European Union has a slightly worse result, which is due to
the fact that Switzerland has an extremely low share of net interest income in gen-
erating bank income (28.6%) and the share of Switzerland’s banking sector assets
is relatively high in the population (over 5% of total assets), which puts this coun-
try in sixth place in Europe.

Table 3. Share of net interest income in total bank income weighted by the size of the
banking sector in the European Union in 2006, in %

6 European
. 5 coun-
countries ries
EU25 larweletslt1 ettlsl:ets with the
Specification EU25+ ingthe bank- lowest
P Switzerland - share of
1ng sector net

with | without | with | without | interest
GB GB GB GB income

Share of net interest income in % 51.3 52.5 48.6 | 50.6 | 44.8 42.1

Source: Own work on the basis of Schildbach J. European banks: The silent (r)evolution
Deutsche Bank Research Frankfurt am Main Germany 2008, p. 30. Data on the basis of
publications by the European Central Bank, International Monetary Fund, Swiss National
Bank. The study concerns EU25 countries + Switzerland. The data calculated by the author
are weighted means, where the weights are the relative sizes of the banking sectors in the
selected countries. The abbreviation EU25 means European Union states without Bulgaria
and Romania.

The other two indicators in the next two columns cover the twenty five coun-
tries of the European Union. The first indicator, marked with the note “with GB”
(with Great Britain) covers EU25. In this population, the average share of net inter-
est income in total income of the EU banking sector (EU25) was 52.5%.
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However, as Great Britain has the largest banking sector in the European
Union (24.8%), its high indicator strongly influences that for the whole population
of EU2S. Furthermore, Table 3 shows that Great Britain has one of the largest
shares of net interest income in total bank income. If the influence of this country
on the European indicator is omitted, its value will decrease to 48.6% (the column
with the note “without GB”™).

Following a similar train of thought, indicators were calculated for top 6
countries in terms of assets involved in the banking sector in the population under
study. With Great Britain included, the indicator was 50.6%, while without it the
indicator dropped to 44.8%. In the case of reference countries with and without
Great Britain, the result was 57.4% and 51.7%, respectively.

The last column presents the mean calculated for five countries with the
lowest share of net interest income in total banking income in Europe, the indicator
value being 42.1%.

The Polish banking sector as compared to indicators for the various groups
of countries (58.2%, see Table 3) diverges significantly from the European figures,
which are invariably lower than those in Poland. Therefore, in contrast to the lead-
ing banking sectors in Europe, Poland reveals a substantial, high prevalence of net
interest income as the main source of banking income.

ANALYSIS OF NET INTEREST MARGIN

Net interest margin is defined as the relationship of net interest income to the
average net assets (minus due interest on problem receivables) of the banking sec-
tor [Sytuacja 2003]. Its values over the period 1997-2007 are shown in Chart 2.

Chart 2. Net interest margin in Polish commercial banks in the years 1997-2007, in %
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Source: own work on the basis of synthetic data from Sytuacja finansowa bankéw za lata
1998-2006 National Bank of Poland Warsaw 1999-2007 and Raport o sytuacji bankow w
2007 roku Polish Financial Supervision Authority Warsaw 2008
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In the period under study the net interest margin decreased substantially, al-
though since 2003 it has been gradually gaining.

For the purpose of comparison of Polish margins with other European coun-
tries, data from the European Central Bank are cited. Unfortunately, the net interest
margins quoted were calculated in a different way than in Poland. Thus, the indica-
tors cited for Poland are not exactly the same as those given by the National Bank
of Poland. However, the complete set of countries and their margins shown in
Chart .3. enables a comprehensive overview of these phenomena in Poland as
compared to other European countries”.

Chart 3. The relationship between net interest income and assets in EU25 in 2004 and 2005
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Source: own work on the basis of EU Banking Sector Stability European Central Bank
October 2005, pp.42-52 and EU Banking Sector Stability European Central Bank Novem-
ber 2006, pp. 52-60.

Poland is among countries with the highest net interest margins. Poland’s net
interest margins give it second place among reference countries and third in EU25.
This situation shows that Poland is particularly dependent on lending, which is at
the core of net interest income. At mostly double-digit interest rates on loans and at
relatively low financing costs for banks, this situation creates a perfect handicap for
the banking sector to achieve high profitability.

* The Author hasn’t gained access to the latest data in this area covering the whole EU.
Certainly interest margins change from year to year in the individual countries but taking
into consideration EU means they are rather stable in a longer period, keeping a slightly
lowering trend, which may be observed in various ECB reports
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In 2005, net interest margin in Poland was three times higher than the
weighted average for the banking sector in the entire European Union. Among the
reference countries, better conditions for banks in this respect are only found in
Hungary. The other countries (including the Czech Republic) have lower or much
lower margins.

In Europe, and especially in countries with the largest banking sectors, the
erosion of net interest margins has long been observed, which has been reflected in
successive European Central Bank reports [EU Banking 2005]. These reports men-
tion the formidable challenges to the banking sector poised by the economic envi-
ronment. As the Table shows, in many countries the existing circumstances do not
even make it possible to maintain the difference between interests received and
paid with respect to the volume of assets at a relatively stable level in subsequent
years. In particular, this situation is true of loans, which are old, mature financial
products. In the quoted report, analysts of the European Central Bank advance the
thesis that this important source of banking income might become exhausted [EU
Banking 2006].

Thus, the only way to preserve the margins is to increase the volume of
credit, as due to fierce competition in the financial market raising the difference
between the interest on receivables and liabilities of the bank would not be feasible.
It seems that in order to sustain the profitability of the banks it is also necessary to
increase their activity in generating profit other than net interest income: increasing
income from fees and commissions, generating profit from selling various capital
market products in order to take advantage of the development of the financial
markets, and extending loans outside their domestic markets to the fast-growing
economies, where margins are still high [EU Banking 2006]

CONCLUSION

In terms of the Polish banking sector, the question is to what degree the
above-mentioned trends might apply to Poland. In the author’s opinion, they might
strongly influence the future shape of the Polish commercial banking sector.

The years 2003-2007 are characterized by stagnation or even a small in-
crease in net interest margins (see Chart 2.), which conflicts with the European
tendencies. In a market economy, competition should lead to a further decrease in
margins. One could thus argue that the level of competition in the Polish financial
market is not yet strong enough for banks to forfeit their comfortable stance. The
situation is compounded by the substantial indebtedness of the State to the banking
sector, which drains money out of the banking market and effectively increases
loan prices.

In the time horizon of the next several years, net interest margins are not
likely to decrease very fast and high interest rates will remain the central bastion of
the banks’ profitability. This thesis requires some substantiation and consideration
of the problem in the short and long term. European Union regulations enforced a
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free flow of capital, which theoretically should have triggered a rush of foreign
lending institutions to the Polish financial market to seek high margins. However,
this has not been the case. The western banks have penetrated the Polish market
rather poorly to date. The number of branches of foreign lending institution has
increased from 3 in 2004 to 14 in 2007, and the share of their gross assets in that
period increased from 0.6% to 4.3% [Raport o sytuacji 2008].

Many banks that have opened their branches in Poland are companies not
very well known to Polish customers [Sytuacja 2007]. The number of branches is
certainly going to increase, but only in a longer time horizon. On the other hand,
those banks which have been operating for a long time in the Polish financial mar-
ket are certainly satisfied with their margins, which are substantially higher than in
their countries of origin. Consequently, it seems that foreign banks are not going to
substantially change net interest margins: they are realizing high profits and their
number is still relatively small.

Furthermore, international banking is not very likely to decrease net interest
margins any time soon, either. Even though nominal loans abroad have lower inter-
est rates, their real cost in Poland may still be much higher due to higher premiums
on risk demanded by foreign banks extending loans to Polish borrowers. Another
factor increasing risk for both parties is exchange rate volatility, although Poland’s
accession to the Euro zone in several years will decrease these threats. Conse-
quently, Polish citizens and companies do not use foreign lending services very
often, they are not likely to start using them more in the near future.

A larger influx of foreign banks, forcing changes in the Polish market, will
be very gradual and will take place over a longer time horizon. Therefore, in the
long term the relatively high and stable margins acceptable to the Polish banks are
eventually going to come to an end. The European economy will exert a strong
competitive pressure on the market, which is going to necessitate changes in the
prices of banking services in Poland. The openness of our economy will not make
it possible for such an enclave to continue in the European or global financial mar-
ket.

In summary, one may argue that the tendency to decrease interest rates is a
major threat to the banks in the long term. In the future, the traditional way of con-
ducting banking activities will have to be modified. The starting point for creating
new strategies for Polish banks should be to depart from net interest income as the
core model of generating banking income and embrace the prompt development of
broadly understood non-interest activities potentially creating substantial incomes
such as private equity. In the common opinion it can be a risky business. In fact
such a consciousness may be the main reason of the phenomenon that this activity
is almost given up in the Polish commercial banking sector. Private equity does not
fit the banks’ traditional rules because every case may be different, and this may be
one of the most important reasons for its reluctance. On the other hand nobody
expects a bank to provide 100 per cent of the funds in a risky project and there are
wide opportunities for the diversification of risk.
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Taking into consideration western experiences, process of expanding possi-
bilities of earning money is obviously profitable for banks which are one of the
main players in the European private equity market’. Following a similar train of
thought there is no reason in rejecting these activities in Poland. Therefore shift
from typical of commercial banking sector loan-deposit to capital market activity
may create many benefits for the Polish banking system in the future.
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Analiza wyniku dzialalno$ci bankowej w polskich bankach komercyj-
nych. Symptomy zagrozen

Streszczenie: Ogodlnoswiatowa tendencja spadku stop procentowych w dhu-
gim okresie jest powaznym zagrozeniem dla polskich bankow komercyjnych.
W przysziosci tradycyjny sposob prowadzenia dziatalnos$ci bankowej w Pol-
sce musi wigc ulec zamianie. Punktem wyjScia powinno si¢ sta¢ odejscie od
dochodu odsetkowego netto, jako podstawowego zrodta tworzenia dochodu,
na rzecz szybkiego rozwoju szeroko rozumianej dziatalnosci pozaodsetko-
wej, w tym zwigkszenia zaangazowania bankéw w operacje private equity.
Przesunigcie akcentéw z typowej jak do tej pory w polskich bankach dziatal-
no$ci depozytowo-kredytowej w kierunku szerszego, niz dotad, wejscia na
rynek kapitalowy powinno w przysziosci przysporzy¢ polskiemu sektorowi
bankowemu wielu profitow.
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Abstract: Different methods can be employed while investigating the conse-
quences of transport decisions- for instance simulation methods. There are
various techniques of formalizing the simulation model, from computer lan-
guages of general use and specialist simulation languages, to advanced func-
tional simulation packages and systems. In order to illustrate the possibilities
of using computer simulation model to investigate the consequences follow-
ing from transport decisions, System Dynamics technique has been employed
in the present article.
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INTRODUCTION

Two organizational planes can be distinguished in transport systems ([Ba-
kowski 1987, p. 136], [ Szczepaniak 1996, p.p. 58, 173-174], [Rydzkowski & Wo-
jewddzka-Krol 1997, p. 38]), namely macroeconomic (international, national, re-
gional) and microeconomic (transport companies, consumers of transport services).
Transport decisions taken on a macroeconomic scale refer to the programming of
transport system development and affect its effective functioning [Rydzkowski &
Wojewodzka-Krél 1997, p. 20].

Taken international plane into account, one strives after the creation of
global transport market and, in order to do so, makes decisions about, for instance
the harmonization of technical, environmental and socio-legal norms or the coordi-
nation of investments made in the scope of transport infrastructure of international
importance [Szczepaniak 1996, pp. 187-194]. On the contrary, decisions taken on a
national plane are aimed at shaping the state transport system, which consists,
among other things, in the optimization of its growth as well as material develop-
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ment, affecting the right course of transport processes and phenomena, and influ-
encing the development of transport companies as well as proper transport stan-
dards ([Rydzkowski & Wojewddzka-Krol 1997, pp. 38-40], [Grzywacz et al. 1994,
p. 18]). As far as transport companies are concerned, decisions refer mainly to tac-
tics and efficient actions concerning [Grzywacz et al 1994, p.137]: planning pro-
duction actions, financial and material means needed; reorganization and develop-
ment of company, employment; organization of production and support activity.
By contrast, in the case of transport users the choice of means of transport is the
main decision-making problem.

Every transport decision, regardless of plain or scale it refers to, leads to cer-
tain consequences. At the level of transport companies and transport users, it is
desired to receive as great economic benefits as possible, whereas at macroeco-
nomic level, other consequences are also crucial, e.g. consequences in the scope of
natural environment or traffic safety’.

Different methods can be employed while investigating the consequences of
transport decisions. Sometimes it is enough to use a simple formula in spreadsheet,
yet when decisions refer to issues important to a particular transport system (e.g.
development of transport company, construction or modernization of national
transport infrastructure) more advanced tool is required. Computer simulation
model, understood (in accordance with Martin’s definition) as a logical-
mathematical presentation of a notion, system or actions programmed to be solved
with the use of computer, can be such a tool [Martin 1976, p.13].

There are various techniques of formalizing the simulation model, from
computer languages of general use’ and specialist simulation languages’, to ad-
vanced functional simulation packages and systems. In order to illustrate the possi-
bilities of using computer simulation model to investigate the consequences follow-
ing from transport decisions, System Dynamics technique has been employed in
the present article.

METHODOLOGICAL BACKGROUND TO SYSTEM DYNAMICS

System Dynamics (SD) is a simulation modeling method used mainly for the
analysis of poorly structured problems with numerous interrelations among ele-
ments. It derives from the cybernetic approach to system analysis and allows to
describe particularly complex systems in the form of interactive and combinatory

! Possible consequences following from transport decisions taken at a macroeconomic level
have been thoroughly discussed in [Latuszynska 2004, pp. 45-59].

* The application of languages of general use in computer simulation as well as reasons
behind devising the simulation languages and their qualities have been discussed, for ex-
ample in [Naylor 1975, pp. 536-544].

3 Descriptions of different simulation languages have been provided, among other things, in
[Naylor 1975, pp. 580-632]; [Tyszer 1990, pp. 101-144]; [Fishman 1981, pp. 113-152].
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relations. One name which has been closely connected with SD since the 1950s is
that of Forrester, who, together with his colleagues from the Massachusetts Insti-
tute of Technology (Cambridge, MA, USA), created its theoretical assumptions,
based on traditional management theory, cybernetics and computer simulation
([Forrester 1971] and [Forretser 1961]).

The basis for building SD simulation models for quantitative analysis of sys-
tem dynamic behaviors are stock and flow diagrams. Stock variables (also called
state variables or levels) describe the states of the system, while flow variables
(also called rate variables) depict the rates of change of stocks. Stocks are accumu-
lations of their flows and are calculated as the integration of net inflows, i.e. [Ster-
man 2000, p. 194]:

Stock(t) = J;t [Inflow(s) — Outflow(s)]ds + Stock(t,)) (1)

with Inflow(s) and Outflow(s) denoting the values of the inflow and outflow
at any time s between the initial time t0 and the present time t. Conversely, the net
flow determines the rate of change of any stock, i.e. its time derivative, by means
of the following differential equation [Sterman 2000, p. 194]:

d(Stock)/dt = Inflow(t) — Outflow(t) ()

It can be noticed that the stock and flow notation provides a general way to
characterize any process graphically ([Coyle 2000] and [Wolstenholme 1990]).
Mathematical apparatus as well as principles of modeling that conform to the con-
vention of system dynamics have been referred to in a great number of publica-
tions®. Course in system dynamics is available on the Internet.

SD MODELS FOR INVESTIGATING TRANSPORT DECISIONS CON-
SEQUENCES

A wealth of evidence indicates that SD serves very well as a method for in-
vestigating consequences following from transport decisions. Examples of SD
models built to support the process of transport decisions analysis have been shown
in Table 1. The aforementioned models have been chosen in a more or less random
way as it is difficult to refer to all information concerning the application of system
dynamics in the aspect under discussion. Materials from international conference,
that has been organized annually for 25 years by System Dynamics Society, are a
valuable source of reference’.

* For instance Kirkwood [1998], Biniek [2002], Tarajkowski [2008], Latuszynska [2008].

> Road Maps: A Guide to Learning System Dynamics. Available on the Internet:
http://sysdyn.clexchange.org/road-maps/home.html.

% Detailed information in the form of conference materials is available on the following
website: www.systemdynamics.org.



156 Malgorzata Latuszynska

Table 1A. SD models for investigating transport decisions consequences: microeconomic
scale
Model Model purpose and consequences investigated

Microeconomic scale

Model for forecasting | e analysis of the influence of implementation of solutions

the development of improving the situation of company, including:
railway company - additional government loans,
[Gottschalk 1980] - freedom of shaping transport rates,

- ceasing the exploitation of railway tracks in areas los-
ing industrial base,

- the influence that the implementation of solutions in-
creasing the productivity has on the situation of com-

pany
Model of passengers e analysis of the situation of transport company in condi-
transport system [La- tions of growing transport needs
tuszyfiska 1992a] e investigating the influence of technological changes (new

types of buses) and changes in values of different elements
in transport services market (e.g. fuel prices, how frequent
buses run etc.) on the situation of company

Model of transport- e supporting the process of making strategic decisions
shipping company e examining the effects of different strategic decisions taken
[Mitosz et al 1996] in transport-shipping company

Source: own study

To explain the possibilities of using System Dynamics for investigating con-
sequences following from transport decisions more precisely, the example of SD
model has been presented below.

SHIPPING COMPANY MODEL

The model has been construed particularly for the sake of the present paper.
The model is to investigate the situation of a hypothetical small shipping company
possessing one merchant ship and offering transport services between European
ports. The ship is used for carrying container cargo.
The aim of the model is to answer the question about the financial possibili-
ties of the ship owner over several dozen years. Moreover, the model enables:
e to simulate possible development of the company’s fleet and reveal measurable
effects of this development,
e to show the influence of some changes in the system investigated on financial
results of the shipping company,
e to gain an insight into solutions adopted in the company.
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The idea of the model has been illustrated on the flow and stock diagram of
the model identifying the major causal effects and feedback loops between vari-
ables playing an important role in the company under consideration (Fig. 1).

Table 1B. SD models for investigating transport decisions consequences: macroeconomic

scale
Model Model purpose and consequences investigated
Macroeconomic scale
Model for planning testing transport policy scenarios

international carriage
of goods [Latuszynska
1992b]

investigating the influence of different investment variants
on changes in parameters of transport system under ex-
amination, e.g. speed, transport distance, transport routes
etc.

ASTRA Model [AS-

long-term strategic analysis at EU level

TRA 2000] consequences investigated: modal shifts, generalized cost
of transport, time savings, transport flows in network,
network load, socio-economic indicators, impact on safety
and the environment

Model for the 6th Pan- research on effects of development of the specific trans-

European Transport
Corridor [Latuszynska
2005]

port corridor
effects estimated: transport costs per relation, transport
time per relation.

Model for the market
penetration of passen-
ger cars with new
drive train technolo-
gies [Bosshardt et all
2006]

conceptualizing the main micro processes of technological
change in the Swiss car fleet

investigating the influence of new drive train technologies,
focusing on natural gas vehicles (NGVs), on energy con-
sumption

Model for examining
the effects of changes
in land use and trans-
portation planning
[Stave & Dwyer 2006]

analysis of the land use system

investigating the potential effects of land use and transpor-
tation systems on air quality, traffic congestion, and other
quality of life factors

Model for testing of
CO,-emissions’ reduc-
tion [Grit et al 2007].

regulatory impact assessment for the transportation sector
in the case of Germany

testing legal instruments for reduction of CO,-emissions
within the transportation sector

Model of Transporta-
tion Demand Man-
agement [Vakili et al
2008]

comparing diverse policies of Transportation Demand
Management (TDM)

investigating the impact of TDM strategies in the case of
Tehran

Source: own study

Due to the fact that the model has a rather cognitive than application charac-
ter, certain simplifying assumptions have been made. For instance, it has been as-
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sumed that demand for services provided by amateur company is increasing, which
leads to incompatibility between actual and potential transport. The incompatibility
indicates that a decision about increasing the tonnage, which ship owner has at
his/her disposal, can be made. If the company has accumulated essential financial
means in a bank, it can buy a new means of transport — in this sense the number of
ships increases and hence the fleet can carry bigger cargo. The greater the number
of ships, the greater the global income from services and financial means (due to
which it is more likely that the fleet will continue to develop).

Fig. 1. The flow and stock diagram of the shipping company model
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The results of simulation experiments carried out on the model can be a
source of information about the functioning of the system over time and about the
influence that potential development of the fleet has on financial situation of com-
pany. It can also be used for investigating the impact that changes in parameters
have on potential development and general situation of a firm.
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Figure 2 shows the results of demonstration experiment that illustrate the in-
fluence of decision about increasing the tonnage (that company has at its disposal —
Number of Ships) on the financial situation of company (Company’s Financial
Resources).

Fig. 2. Results of exemplary simulation experiment
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Source: own elaboration

The experiment was done for 100 quarters. It has been assumed that the ton-
nage will be increased when there is proper demand for services provided by the
ship owner and he/she has his/her own financial means for financing the invest-
ment. For the sake of the experiment, it has been assumed that the ship owner gets
rid of 20 ships after a 20-year operation, which has been shown in Figure 2a (de-
crease in the number of ships in the 80" quarter). Increasing the number of ships is
accompanied by increasing financial means of company (Fig. 2b), which results
from higher global income, on the assumption that freight market is stable. How-
ever, another scenario can be considered, namely that freight rate will fluctuate
around a certain value expected and, what is more, will drop by several points in a
given moment. Figure 3 shows results obtained for this scenario. As it can be no-
ticed, tonnage increase is not plausible and financial situation of company is wors-
ening considerably in such a scenario.

Summing up the discussion on the model presented, it should be emphasized
that the experiments done are just a simple illustration of the possibilities of exam-
ining various decision-making scenarios in a certain transport system.
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Fig. 3. Results of demonstration simulation experiment
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CONCLUSION

The analysis of the hitherto existing applications of computer simulation
models, i.e. for anticipating consequences following from transport decisions taken
at different organizational planes, proves that these models perform well in the
aspect discussed. Employing such models, one can carry out practically unlimited
number of simulation experiments that allow to find out consequences following
from potential transport decisions without interfering in a living organism of the
system. Furthermore, a detailed analysis of simulation results enables one to under-
stand a certain transport system in a better way and facilitates the formulation of
suggestions to its improvement, which would be difficult if not impossible to reach
with the use of other methods.
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Symulacyjne badanie skutkéw decyzji transportowych

Streszczenie: W badaniu skutkéw decyzji transportowych mozna postuzy¢
si¢ r6znymi metodami, w tym symulacyjnymi. Istnieja rozne techniki forma-
lizacji modelu symulacyjnego, poczawszy od komputerowych jezykow ogol-
nego zastosowania, poprzez specjalistyczne jezyki symulacyjne po zaawan-
sowane funkcjonalnie pakiety i systemy symulacyjne. W niniejszym artykule,
w celu zilustrowania mozliwosci zastosowania komputerowego modelu sy-
mulacyjnego do badania skutkéw decyzji transportowych, postuzono sig
technika dynamiki systemowe;.

Stowa kluczowe: symulacja komputerowa, decyzje transportowe
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Abstract Economic activity around the world should be supported by analy-
sis determined by the different level of difficulty of applied quantitative
methods. The article presents the importance selecting a proper time window
for analysis for correct diagnosing of situations based on information taken
from TNI, BSOPM, Markowitz’s, and Sharpe’s models. TNI shows the role
of expansiveness of media relations regarding the SE. The correct specifica-
tion of the time window causes the proper valuation of price and risk. Behav-
ioural finance flaming effect is a field of discussion in his research.

Keywords: behavioural finance, Black-Scholes Option Pricing Model, Tra-
gic News Indicator, Sharpe’s model, framing effect

INTRODUCTION

Economic activity around the world should be supported by analysis deter-
mined by the different level of difficulty of applied quantitative methods. Support-
ers of Becker’s theory would claim that such a situation can be achieved by trying
to calculate in the decision making process. Their opponents — behavioural econo-
mists — will explain such events as willingness to justify decisions or to blur re-
sponsibility for investment decisions. In both cases, the same problem is exact
specification of time period for analysis.

The article presents the importance selecting a proper time window for
analysis for correct diagnosing of situations based on information taken from TNI
(tragic news indicator), BSOPM, Markowitz’s, and Sharpe’s models.

TNI shows the role of expansiveness of media relations regarding the Stock
Exchange. The correct specification of the time window for TNI allows determina-
tion of how strong an influence negative information has on changes of the Stock
Exchange indexes and how strong speculative information is (supported by BNI —
bad news indicator and GNI — good news indicator). In the case of a capital market
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model, correct specification of the time window causes the proper pricing of a fi-
nancial instrument, and proper valuation of risk.

Statistical data used in this article are taken from the Warsaw Stock Ex-
change. Quotations of instruments of capital market in Poland from September
2008 to February 2009 and press information from Polish Press Agency are used.

The influence of wrong time period specification for three groups of finan-
cial market analyses were analysed in this paper:

— Technical analysis (Tragic News Indicator)
— Portfolio analysis (Markowitz and Sharpe models)
— Derivatives market analysis (BSOPM)

THEORETICAL ASPECTS

This article is closely tied with the prospect theory, because of its attempt to
explain some motives to taking investment decisions.

Human behaviour in the last twenty years has played an important role in
building value of stock exchanges and creating interactions between market par-
ticipants, etc. D. Kahneman and A. Tversky (1979) created a new theory, which
has had to explain why people are not rational in the sense of G. Becker’s theory
(1990). In this work, the authors showed that there is significant difference between
behaviour of investor incurring losses and gains. Figure 1 shows difference in level
of emotions during a process of receiving information about results of economic
activity.

The meaning of this chart is that a human is more sensible when incurring
losses than earnings. This difference is about 2.5 times more for loses than earn-
ings. It means that when an investor loses $100 he has to earn about $250 because
of compensation losses (figure 1 shows such type of differences in utility of gains
and losses).

The framing effect could be explained best by the two following citations:

1. "The term frame dependence means that the way people behave de-
pends on the way that their decision problems are framed" (Shefrin
2000).

2. "The rational theory of choice assumes description invariance:
equivalent formulations of a choice problem should give rise to the
same preference order (Arrow, 1982). Contrary to this assumption,
there is much evidence that variations in the framing of options (e.g.,
in terms of gains or losses) yield systematically different preferences
(Tversky and Kahneman, 1986)."

Figure 1. Utility function for earning and loses with respect to point of reference c.
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utility
A

loses ¢ gains

Source: [Rabin M., Psychology and economics, Department of Economics University of
California — Berkeley, 1996], page 8.

MODELS USED IN THE RESEARCH

TRAGIC NEWS INDICATOR (TNI)

A point of view in most cases is formed by media. Mainly it concerns a per-
ception of risk. People tend to assign greater risk to objects and events, on which
the attention of media is more focused. This is due to form of presentation. For
example, all plane crashes are presented in the form of pictures, stimulating imagi-
nation, yet car crashes are presented as statistical data. It is because the probability
of plane crashes is smaller those of cars. However, if an ordinary consumer has
been asked what kind of accident he fears more, most would choose plane crashes.
Analogous with all information about crises, crashes and bankruptcy are overesti-
mated.

There were many experiments, which aim to explain the influence of infor-
mation on valuation of stocks in future. Andreassen (1987), presented fictitious
news and quotations of stocks (positive and negative) to a selected group of inves-
tors. After that, investors had to estimate the new value of these stocks. An alterna-
tive group of investors in predictions of a stock’s future value most often use re-
gression as the mean process of a selected group. A selected group of investors
predicted stable growth of stocks. This means that when an investor is under sys-
tematic press noise, he misuses knowledge and intuition in the valuation process.
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Shiller (2001), described another such phenomenon — speculative bubble,
which is closely tired with media influence on financial markets. A speculative
bubble is an unsustainable increase in prices brought on by investors’ buying be-
haviour, rather than by fundamental information. There are twelve factors that may
explain existing or creation of speculative bubbles in the financial markets. One of
them is an expansion in media reporting of business news.

Press economic information, taken from Polish Press Agency (PAP), could
be treated as a source of media noise, which has an influence on the value of stocks
quoted on the Warsaw Stock Exchange. All economic news should be divided into
three groups: neutral information, positive information and negative information.
For each type of negative information, it is possible to mark the most tragic news
with respect to the economy. Negative information is a cause of an extreme behav-
iour of investors on the market and this a reason of focusing this research only on
tragic information. As the most tragic news author recognized such news, which in
its title have had such words as crisis, fall down, or panic. On the basis of this data,
an indicator of media expansiveness was constructed. This indicator is a quotient of
the number of articles in a chosen group of information, and the number of all PAP
information in particular day.

TNI :M-IOO% )
INN

where TNI — tragic news indicator; NTN — number of tragic headlines; TNN — total
number of news items.

The authors used methods of correlation and regression analysis to identify
the behavioural character of dependency between analysed variables. Because of a
short time period in this research, statistical verification of significance of correla-
tions is very important. The level of confidence in this case is set at 0.05.

In this research, correlation coefficients between rates of return of indexes of
chosen Stock Exchanges were presented first. Next, the research will show how
strong is the influence of media relations on the changes in prices of stocks quoted
on the Warsaw Stock Exchange.

BLACK SCHOLES PRICING MODEL

This part of the efficiency tests is based on the Black-Scholes pricing for-
mula, with six kinds of volatility used in the valuation process. Classical BSOPM
formula could be presented using equations:

For a call option in t-th moment:

c=S-Nd)-X- e_r(T_t)N(dz) ()

where
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where S — The value of the underlying asset in moment t, X — Strike price of option,
r — Domestic risk-free interest rate, 7 — Time to option expiry,

o — Volatility of the underlying asset, N(d) — normal cumulative distribution func-
tion of d1 or d2, respectively.

With using put-call parity', we get an equation for European put option
value:

p=X-e""IN(=d))~S-N(~d,) )

MV MODEL

Harry Markowitz created theory of effective selection of assets to portfolio
(MV — Mean-Variance Model). This theory is a basis of most modern models in
portfolio analysis. In this work, we use two classical formulas:

The first goal function:

SZ:X'-D-X—>min (6)

where X — The vector of shares in portfolio, X” — the transposed vector of X,
D — The matrix of variance and covariance of rates of return
With conditions:

1) X, 20 for i=12,...,n

2) iXi =1
i=1

The second goal function:

RP:ZXZ.-RZ.—>maX (7

i=1

With conditions:
1),2) and
3) Sp =a, and a is a level of accepted risk

SHARPE’S MODEL

' Stoll H.R. (1969)
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Sharpe’s model is a simple econometric model, which aims to explain how
sensible the effects of are rates of return are on changes in markets rate of return.
The market rate of return is represented by that of the stock exchange index (in the
Polish conditions WI1G20).

We could show this model as an equation:

Rit =ai+16i'Rmt+ut (®)
where R;; — rate of return, R,, — market rate of return, o, f; — structural pa-
rameters of an econometric model estimated by OLS procedure.

In addition, total risk is described by the formula:

SI=p-S,+S: ©)

Where S2,- — total risk parameter, Szm — variance of market rates of return

EMPIRICAL RESULTS

The correlation between TNI and changes in WIG20 was analysed in the be-
ginning of the research. Authors observed changes in correlation coefficients,
which were results of changing a time period (minimum 32 observations, and
maximum 47 observations for the estimation of correlation coefficient). The results
are presented in figure 2.

As shown in figure 2, generally the correlation coefficient implies that the
importance of press information slowly loses power. In the beginning, the level of
dependence was about -0.7, and then entered in the area of insignificancy (two
black lines on the figure). The information taken from n32-line is untrue because of
significant, positive value of the correlation coefficient. Moreover, because TNI
comes from technical analysis, the reaction of n42-line is too slow. So frame coef-
ficient (FC) was constructed for identifying the proper time window. The FC is
presented as an equation:

_RR

FC=——
VaR

(7

where RR — rate of return (logarithm), VaR — value of risk
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Figure 2. Correlations coefficients between TNI and WIG20
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Table 1. Changes in frame coefficient for WIG 20 with the hypothetical investment value
1000 PLN

RR36 | RR37 | RR38 | RR39 | RR40 | RR41 | RR35|RR34|RR33 | RR32 |RR31

max | 73,75 58,85]69,42| 80,26 | 90,75 114,03 | 79,89 | 80,40 | 80,37 | 107,47 | 107,47

VaR | 23,58 |23,45(23,45|23,35|23,32| 23,22|23,69|23,84]23,96| 23,86| 24,00

FC 3,12] 2,51 296| 3.44] 3,89 491] 337| 337] 335] 450 448

Source: own research

The Authors made the assumption that if an investor loses $100 he has to
earn about $250 because of compensation losses, so FC should be close to 2.5.
From this table it is possible to identify the best time window from the perspective
of frame effect. In this case, RR37 (rates of return for 37 observations) has had the
best estimations.

One of the most important variables in the BSOPM model is the volatility of
underlying asset. Accordingly, the authors tested the volatility for defining the
proper time window for the analysed model. The results are presented in Table 2:

It was necessary to construct a new one frame coefficient for this model. In
addition, if the relation of earnings to possibility of gains is a point of discussion in
this article, so a value of FC should be estimated using an equation:

Fe=RR ®)
(o2




170 Agnieszka Majewska, Sebastian Majewski

where RR — maximum of logarithmic rates of return for analysed time period
(8,15%), o — risk parameter defined by standard deviation (sigma).

Table 2. The frame coefficient for WIG 20 volatility

No. of days | VaR In RR FC Sigma
70 6,771 -23,64% 2,92 2,80%
75 6,900 -8,95% 2,81 2,90%
80 7,030 -21,43% 2,71 3,01%
85 7,168 -33,92% 2,60 3,13%
90 7,260 -43,51% 2,54 3,21%
95 7,225 5,33% 2,56 3,18%
100 7,173 7,82% 2,60 3,14%
105 1,792 -9,84% 2,59 3,15%
110 7,129 -1,64% 2,63 3,10%
Range 0,488 | 51,33 p.p. 0,42 p.p.

Source: own researches

The proper time window for this situation is 90 days, because the FC indica-
tor is closer to 2.5. Interestingly, this sigma parameter is highest in the analysed
group. Also, a one day-risked value for the amount of 1000 PLN for this time pe-
riod is highest, and the gain is the biggest one (real logarithmic rate of return
amounted to -43,51%).

Next, research was conducted to verify the time period for the portfolio se-
lection model MV in two cases: minimization of risk, and maximization of rate of
return. The analysed portfolio was constructed on a base of the 20 shares, which
have the greatest capitalizations on the Warsaw Stock Exchange. Results are pre-
sented in Table 3:

In this table, there are results of two diversification attempts. If the FC coef-
ficient is constructed in the same way as in the case of BSOPM testing, it is possi-
ble to underline an 80-day period as the best estimation, but only for maximization
procedure. It is a normal situation, but only for models in which a goal is to in-
crease hypothetical earnings. Interestingly, in this case the best potential rate of
return is not for the best frame coefficient.
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Table 3. Empirical results for Markowitz model
min max
No. of days | Sigma RR FC Sigma RR FC
70 17,57% 20,48% | 1,17 27,94% 62,43% | 2,23
75 17,82% 19,97% | 1,12 31,52% 76,42% | 2,42
80 18,98% 23,39% | 1,23 27,12% 66,82% | 2,46
85 19,84% 15,02% | 0,76 32,06% 69,58% | 2,17
90 19,54% 13,61% | 0,70 97,08% 36,80% | 2,63
95 19,36% 8,87% | 0,46 85,07% 37,33% | 2,28
100 19,21% 7,16%| 0,37 37,02% 70,71% | 1,91
105 19,05% 6,00%| 0,32 40,38% 76,01% | 1,88
110 18,72% 4,09% | 0,22 42,01% 74,82% | 1,78
Range 2,27 p.p. 19,30 p.p. 69,96 p.p. 39,62 p.p.

Source: own researches

Next, a test of proper time period was made for Sharpe’s model for portfo-
lios constructed using Markowitz’s procedure. Results of this calculation are pre-

sented in Table 4:
Table 4. Empirical results for Sharpe’s model
No. of days | beta alfa Rp
70 0,773 0,005 -17,81%
75 0,887 0,005 -7,41%
80 0,757 0,004 -15,81%
85 0,767 0,006 -25,44%
90 0,848 0,008 -36,14%
95 0,872 0,007 5,32%
100 0,887 0,005 7,44%
105 0,929 0,006 -8,55%
110 0,969 0,006 -0,97%
Range 0,212 43,58 p.p.

Source: own researches

Table 4 presents econometric model parameters (B, o), and hypothetic rate of
return for the portfolio. The highest level of earnings is reached with a 100-day
time period, and the worst for a 90-day period. A difference (spread) between these

two estimations of Rp is 43.58 percentage points.
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For these critical cases, the authors present risk calculations in groups of
specific, market, and total in Table 5:

The strongest characteristic in risk estimation is the fact that differences be-
tween 90-days time period and 100-days time period are very small in terms of
total risk. The structure of total risk determines the final result in the level of rate of
return. The smaller level of specific risk is positively correlated with potential earn-
ings.

Table 5. Risk calculations for Sharpe’s model

No. of days | specific market total
90 1,67% 2,26% 2,81%
100 1,48% 2,37% 2,80%

Source: own researches

The final test was focused on the results of options pricing with using Black
Scholes Option Pricing Model. There were two kinds of results, presented separate-
ly: for call options and put options. Final solutions of BSOPM are shown in Table

6:

Table 6. Differences in option prices and theoretical results of BSOPM

No. of days | range call | range put
70 155,53%  [53,19%
75 133,85% | 54,52%
80 121,63%  [55,27%
85 102,10% | 56,57%
90 101,35%  [57,38%
95 100,32% | 57,94%
100 85,34% 61,58%
105 98,54% 58,60%
110 96,66% 59,11%

Source: own researches

In the analysed case, there are significant differences between results for put
and call options, but the 90-days period proper for standard deviation is not one of
them. It is important because in BSOPM the authors used standard deviation as a
parameter of volatility. The best result was chosen based on the range (call or put).
This range was a difference between maximum and minimum percentage deviation
of a theoretical price of the option from a market price. For call options, the proper
time period is 100 observations, and for puts 70 in the analysed case.
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CONCLUSIONS

This work shows is the complications in making analyses of capital markets.
Each investor waits for a method, which will give him enough time for making a
decision. The most important factor is the interpretation of results. There are six
separate conclusions to be drawn from this research:
1. There is no universal time period for financial models.
2. In case of technical analysis, even 6 days would change the meaning of an
indicator.
3. For Markowitz’s model, the best time was 80 and 90 days in the FC criterion.
4. We could use a FC goal function as maximization utility criterion.
5. For BSOPM the best results were for 70 days (put option), and 100 days (call
option).
6. BSOPM is more effective for the level of exercise price, than for changing in
the duration of volatility.

REFERENCES

Barbies N., Thaler R. (2002), A Survey of Behavioral Finance, Handbook of the
Economics of Finance, 2002

Barber B. M., Odean T. (2001), Boys will be boys: Gender, overconfidence and
common stock investment, Quarterly Journal of Economics, 2001

Barber B. M., Odean T. (2001), Trading is hazardous to your wealth: The common
stock investment performance of individual investors, Journal of Finance, LV,
2001.

De Bont W., Thaler R., (1985) — Does the Stock Market Overreact?, Journal of
Finance, Vol. 40, No 3, pp. 793-805

French K., Poterba J. M. (1991) — Investor Diversification and International Equity
Markets, NBER Working Papers Series No 3609

International Corporate Finance (2005), Are Investor Home Biased? — Evidence
from Germany, November 2005

Kahnemann D., Tversky A. (1992), Advances in Prospect Theory: Cumulative
Representation of Uncertainty, Journal of Risk and Uncertainty, 5, 1992, pp. 297-
323

Kahneman D., Tversky A., (1979), Judgment under Uncertainty: Heuristics and
Biases, Science, New Series, Vol. 185, No. 4157. (September 27, 1974), pp. 1124-
1131

Kahnemann D., Tversky A. (1979), The Prospect Theory: An Analysis of Deci-
sions Under Risk , Econometrica vol. 47, No. 2, March 1979, pp. 263-291

Kilka M., Weber M. (2000) — Home Bias in International Stock Returns Expecta-
tions, Journal of Psychology and Financial Markets, Vol. I, No 3&4, pp. 176-192



174 Agnieszka Majewska, Sebastian Majewski

Koons L., McAnally M., Mercer M., (2001), How do investor judge the risk of
derivative and non derivative financial items? The Univeristy of Texas, unpublici-
zed report from researches, 2001

Lewis K.K., (1999) — Trying to Explain Home Bias in Equities and Consumption,
Journal of Economic Literature, Vol. 37, pp. 571-608, 1999

Majewski S. (2007), Czy w budownictwie wystepuje efekt banki spekulacyjne;j?,
Rynki finansowe, UMCS Lublin 2007

Majewski S. (2007), Efekt ,,banki spekulacyjnej” na Gieldzie Papierow Warto-
sciowych w Warszawie?, ZN US Metody ilosciowe w ekonomii Nr 450, Szczecin
2007

Majewski S., (2009), The media and the pricces creation in Poland, International
Journal of Management Cases, Volume 11, Issue 1, April 2009

Majewski S. (2005), Piramidalna struktura portfeli funduszy inwestycyjnych, ZN
US Finanse, rynki finansowe, ubezpieczenia, Nr 413, Szczecin 2005

Majewski S. (2006), Spoteczna odpowiedzialnosc spolek publicznych czy celowy
wybor Towarzystw Funduszy Inwestycyjnych, ZN US Metody ilosciowe w eko-
nomii Nr 415, Szczecin 2006

Rabin M., (1996), Psychology and economics, Department of Economics Universi-
ty of California — Berkeley, 1996

Shefrin H. (2002), Beyond Greed and Fear, Oxford University Press, New York
2002

Shefrin H., Statman M. (2000), Behavioral Portfolio Theory, Journal of Financial
Quantitative Analysis, Vol. 35, No. 2, 2000

Shiller R.J., (2001), Irrational Exuberance, Brodway Books, New York 2001
Tarczynski W., (1997), Rynki kapitalowe. Metody ilosciowe, Placet, Warszawa
1997

Thaler R.H. (1999), Mental Accounting Matters, Journal of Behavioral Decision
Making 12, p. 183-206, 1999

Thaler R., Shefrin H., (1981) — An Economic Theory of Self-Control, Journal of
Political Economy , Vol. 89, No 2, pp. 392-406, 1981

Zaleskiewicz T., (2003) Psychologia inwestora gieldowego. Wprowadzenie do
behawioralnych finansow, GWP Gdansk 2003

Zielonka P. (2004), Finanse behawioralne, Psychologia ekonomiczna, Tyszka T.
(ed.), Gdanskie Wydawnictwo Psychologiczne, Gdansk 2004, pp. 334-367

Skutki blednej cezury czasowej w Swietle efektu framingu dla wybra-
nych modeli rynku kapitalowego

Streszczenie: Prowadzenie kazdej dziatalnosci gospodarczej na $wiecie wy-
maga wspierania jej przez prowadzone na réoznym poziomie abstrakcji anali-
zy. W niniejszym artykule zostanie zaprezentowane znaczenie wyboru wia-
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sciwego okna czasowego do analiz dla prawidlowego diagnozowania sytuacji
wynikajacej z ksztaltowania si¢ wskaznika TNI, modelu Blacka-Scholesa,
Markowitza oraz modelu Sharpe’a. Wtasciwe wyznaczenie przedziatu cza-
sowego skutkuje prawidlowa wycena instrumentu finansowego czy ryzyka.
Behawioralny efekt framingu jest ttem prowadzonych w artykule rozwazan.

Slowa kluczowe: finanse behawioralne, model Blacka-Scholesa, wskaznik
TNI, model Sharpe,a, efekt framingu
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Abstract: The epsilon method has been applied to examine the strength of
relations among selected objective and subjective factors connected with a
manager’s predictions of their companies’ development. The aim of this re-
search was to study which variable has the strongest impact on business ex-
pectations in construction. The results offer compelling evidence that respon-
dents rely both on their current opinion on enterprise as well as on general
economic situation. The survey was carried out based on Polish data from
2000:1 to 2008:10.

Keywords: Epsilon method, relative weights, construction

INTRODUCTION

The primary aims of the business tendency survey are forecasting the eco-
nomic activity, identifying the current economic condition of the country and pre-
dicting the direction of changes in the business activity. Business survey indicates
are the valuable tool for economic analysis for all types of users. Moreover, this
type of survey provides information on assessments and expectations of the eco-
nomic situation by actors on the market. Conventional methods often prove insuffi-
cient in collection of information regarding business tendency surveys. Therefore,
it is an useful source of information about changes in aggregated economic activ-
ity.

The business tendency survey in construction usually includes: capacity
utilization, plans and expectations for the immediate future, managers' views on the
overall economic situation'. The selective key survey variables are used to con-
struct confidence indicator which reflects the general business tendency.

! Business Tendency Surveys: A Handbook
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This article aims to explaining the mechanism of formulation the respon-
dent’s expectation about business tendency in construction. It pursues factors
which are closely associated with subjective expectations about future company’s
development. It investigates whether indices of current company’s sentiment have
a strong impact on future business tendency indicators. On the other hand, this
paper also includes the objective, macroeconomic data, like unemployment or
gross wages. The purpose is to check, if the signal from real economy strongly
influences managers’ prediction of development of their company. The leading
hypothesis of the article is that respondents rely on their own evaluation rather than
on the general economic situation.

Comparison between these two groups of regressors will be based on a rela-
tive weight method. We apply this method to estimate the relative importance of
the predictor variable. The method and its usefulness will be presented in the next
section. Section 2 discusses the data used in the empirical analysis. Section 3 re-
ports the results which we obtained for the business tendency indicators. Finally,
section 4 provides a conclusion.

THE EPSILON METHOD

Econometric modeling is facing a serious problem because of correlation be-
tween explanatory variables. The reason why the correlation occurs is interdepend-
ence of economic phenomena. In case of strong relationship between independent
variables it is hard to separate the particular variable’s influence on dependent vari-
able from other variables. This problem makes economic analysis really compli-
cated. It was the reason to search for a measure of relative importance of variables
in multiple regression. The history of this research was described by Johnson and
LeBreton (2004). Each of methods mentioned (zero - order correlations, standard-
ized regression coefficients, not standardized regression coefficients, semi-partial
correlation, the product measure, average squared semi-partial correlation, average
squared partial correlation) has its drawbacks which makes this technique useless
and leads to wrong conclusions.

These studies resulted in two new important methodologies - dominance
analysis and epsilon method. First of these was introduced by Budescu (2003).
Dominance analysis allows ranking the predictor variables. It is said that the vari-
able A is dominate to variable B if A it is more useful than B in all subset multiple
regressions. Given that the above definition is really strict, it is difficult to imple-
ment it for data sets of significant size, because it requires estimating submodels,
where is the number of variables in the original model. The advantage of this
method is that relative weights obtained from dominance sum to the model. Be-
cause of that relative importance of each variable can be calculated as the propor-
tion of predictable variance for which it accounts [Johnson, LeBreton 2004].
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This article applies the second approach - the epsilon method. It is much eas-
ier to implement than dominance analysis and lead to similar results [Johnson
2000].

The epsilon procedure presented below derives from Johnson (2000). The
first step involves the following decomposition of predictor scores matrix:

X=PAQ’ (1)

where X is matrix 7 x p, P is the full matrix of eigenvectors of XX, Q is the

full matrix of eigenvectors of X" X, T denotes transposition, A is the a diagonal
matrix which contain the square roots of the eigenvalues of XX’ and X’X.

If none of the vectors from the matrix X is collinear with another one, each
of element of XX’ and X’X is different from zero. In these case the best - fitting
approximation of X is:

Z=pPQ’ )

The above equation ensures that the residual sum of squares between the raw
predictors and the orthogonal variables is minimized. The matrix Z contains z,
variables which are orthogonal to the original predictors x; from the matrix X.

The matrix Z is then used to obtain the set of relative weights. The calculation is
based on regression X on Z.:

A*=(Z"2)"2"X=QP"PQ")"'QP PAQ" =1"QAQ" =QAQ" 3

As the Z, are not correlated, the correlation coefficients ﬂ;k are equal to
the correlation between x; and z,. The squared elements of A* defined as /f;k
are equal to the proportion of predictable variance in x; accounted for by z, . The

relative contribution X, to 3 can be approximated by z&z B, where B, is
k

regression coefficient taken from least square estimation of y to z,. The coeffi-

cient vector S * is calculated as:
p*=(Z"Z)"Zy=QP PQ")'QP y=I"QP y=QP'y @
Each z, is a linear combination of the x ;. The variance in y accounted for

by z, is, therefore, partitioned among the according to the proportion of variance

in z, accounted for by eachx .
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In this algorithm one can obtain the set of relative weights which sum to the

model R*. Each weight is attributed to the particular raw independent variable and
reflects the effect of the variable by itself and in combination which the oth-
ers.Each is a linear combination of the. The variance in accounted for by is, there-
fore, partitioned among the according to the proportion of variance in accounted
for by each.

THE DATA

The sample period for all results is 2000:1- 2008:10. Data have been pro-
vided by the Polish Central Statistical Office. The dependent variables are equal to
the following construction expectation: expected general economic situation of the
enterprise, expected prices of construction/assembly works carried out by the en-
terprise, expected employment in construction/assembly operations of the enter-
prise. These indicators are equal to the difference between weighted percentages of
positive (the first option) and negative answers (the third option). Weighting is
necessary as the companies which are taking part in the survey vary in size. The
weights are based on the value of sold construction assembly production in current
process”. The questions are presented in table 1. Each year, ca. 2200 construction
enterprises of more than 9 employees takes part in the survey.

The set of independent variables which could influence expectations consist
of two parts. In the first one there are business tendency indicators of current eco-
nomic situation in construction. This group includes: construction/assembly works
carried out by the enterprise at domestic market, the guaranteed operating period of
the enterprise, capacity utilization of the enterprise’. The second group consist of
macroeconomic indicators: index of construction and assembly production in con-
stant prices (2000=100), average monthly gross wages excluding payments from
profit in construction, dismissals declared by enterprises’, average employment in
construction, housing loans of Monetary Financial Institution’ to households, un-
employment rate - registered®, dwellings under construction, sale of construction
and assembly production, dwellings completed.

These data derived from Polish Central Statistical Office and National
Bank of Poland.

The time series used in our analysis were seasonally adjusted using
TRAMO/SEATS procedure [Maravall 2005]. It was done due to the fact that in
each series the seasonality was detected and in most cases the seasonal component

% http://www.stat.gov.pl/cps/rde/xber/gus/PUBL _business_tendency survey in_
manufacturing_2.pdf

* in percentages

* Number of persons which will be dismissed declared by enterprises

> Excluding National Bank of Poland

% Calculation based on number of unemployed registered in employment offices
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was strong. In this situation using raw data could result in spurious correlation be-
tween variables.

Table 1. Business Tendency questionnaire

Question Possible answers
L —  will be better
Expected financial situation of the enter- . .
} —  will remain unchanged
prise .
—  will be worse
Expected prices of construction/assembly | —  will be better
works carried out by the enter- | —  will remain unchanged
prise —  will be worse
Expected employment in construc- | — will be better
tion/assembly operations of the | —  will remain unchanged
enterprise — will be worse

Source: Monthly questionnaire in construction, Central Statistical Office, www.stat.gov.pl

The dependent variables used in our study are strongly correlated (absolute
value of correlations ranging from 0,06 to 0,99) with an average absolute value
correlation of 0,59. Because of strong correlation between variables, regression
coefficients couldn’t be used to measure of relative weight. It is the reason why in
this case we have to apply the epsilon method.

RESULTS

Table 3 presents relative weights calculated for our dependent variables.
These weights were rescaled by dividing them by the model R? and multiplying

by 100, so they are equal to percentage of the model R’ connected with each pre-
dictor.

EXPECTATIONS REGARDING FINANCIAL SITUATION

Results presented in Table 2 indicate that construction/assembly works car-
ried out by the enterprise was accounted for almost 18% of predictable variable of
expected financial situation of the enterprise. It is because this indicator denotes the
number of orders which will be carried out.

The guaranteed operating period of the enterprise has also quite a high share in

R’ (12,6%) which only supports our feeling that current orders has a dominant role
in predicting the financial situation. The longer the guaranteed operating period of
the enterprise is the more optimism about chances of financial success the respon-
dents’ display.
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Table 3. Relative weights

! Do =) '
Se |8 25
TE (288 |28 S
sE |20 |E2 o
5L |gBE 222
: £5 |SE »8ES< ¢
Variable g o |E 22288 o4
=S |2 g a0 5 2 9
Tx |82° @28
5213838 [82%
22 |28E |28 2
F° 8BS |58
Construction/assembly works carried out by the
enterprise 17,60% | 14,70% | 15,70%
Capacity utilization of the enterprise 2,30% |2,50% 2,40%
The guaranteed operating period of the enterprise 12,60% | 12,70% | 11,40%
Housing loans of MFI’s to households 7,00% |7,30% 8,20%
Dwellings completed 0,50% |0,30% 0,70%
Dwellings under construction 8,00% |4,70% 9,20%
Average gross wages excl. payments from profit in
construction 7,20% |14,30% |6,90%
Unemployment rate - registered 6,30% | 6,90% 7,70%
Dismissals declared 10,10% | 10,40% | 8,30%
Average paid employment in construction 7,30% |7,30% 9,40%
Sale of construction and assembly production 8,60% |9,60% 7,30%
Index of construction and assembly production 12,50% | 9,40% 12,90%

Source: own calculation

The current situation in construction sector (index of construction and as-
sembly production) as well as sold construction and assembly production is also a
valuable predictor of the future financial situation.
It is noticeable that data connected with employment are moderately important for
respondents. For example, average monthly gross wages excluding payments from

profit in construction which accounts for more than 7% of R 1t is a direct result
of rapid growth in construction during past few years in Poland. In this period the
wages in construction went up because of labor shortage. The moderate relative
weight of unemployment rate and dismissals declared indicates that respondents
follow the situation on the labor market, particularly the future tendency (the rela-
tive weight of dismissals declared is higher than the relative weight of unemploy-
ment rate).

The number of buildings completed plays no role in explaining the varia-
tion of dependent variable, due to the fact that it takes quite a long time to build a
new building. On the contrary, respondents take into account the number of dwell-
ings under construction as it is closely related with future price of dwellings. Value
of housing loans of MFI’s to households plays a similar role. This variable ac-
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counts for 7% of R”and indicates the demand for new housing (the majority of
buyers purchase property on the primary market).

Surprisingly, the relative weight of utilization capacity was below 2%. However, it
is possible that enterprise could easily increase or decrease their utilization capacity
to adjust it to the current needs. If so, this factor is not essential in explaining the
dependent variables’ variance.

ECTATIONS REGARDING PRICES IN CONSTRUCTION

The result of our survey shows that the expectations regarding prices in
construction are similar to the outcome of the previous model. It is not a surprise
that the average monthly gross wages excluding payments from profit in construc-
tion has almost the highest relative weight in this model. As the level of average
wages is rising the company’s profit is reduced. The company is unable to avoid
these expenses, because it needs to fulfill contractual obligations. The other labor
market’s variables - unemployment rate and dismissals declared - have even higher
influence on expectations regarding prices of construction than expectation regard-
ing financial situation of the enterprise. These variables have a strong influence on
the level of wage. Obviously, the wage claims are directly reflected in the prices of
construction. On the other hand the influence on financial situation of the enter-
prise is not so strong - there are a set of other factors which also affect it.

Construction/assembly works carried out by the enterprise have a very
similar wage as average monthly gross wages. It is because they are the fixed term
contracts so provisions of an agreement cover the prices. On this basis the enter-
prise can estimate their future revenues and costs.

EXPECTATIONS REGARDING EMPLOYMENT IN CONSTRUCTION

In comparison to models discussed above, the average employment in con-
struction has quite a strong influence on expectations of employment. It is because
the high wage level reduces the enterprise’s capability to increase employment.

It is not strange that the number of dwellings under construction and the
housing loans of MFI’s to households occur to be a satisfactory predictor of de-
pendent variable. If dwellings are under construction it is obvious that enterprises
need their employees to finish it, so they would not reduce the labor force in near
future. The value of housing loans indicates that households are interested in prop-
erty purchase. This trend has been observed in Poland since 2002, so respondents
anticipate that it will remain unchanged.
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CONCLUSIONS

For the purpose of this article we have applied the epsilon method in order to
describe the weighting strategies used by respondents when making an overall
performance evaluation. Although this procedure is valid when the dependent vari-
ables are correlated, it is recommended to consider that none of two variables
measure the same thing. In this case one of them should be removed as the relative
weight will be spread out of them [Johnson, 2000].

Results of our survey show that both the enterprise’s evaluation of the cur-
rent economic activity and the general economic situation in Poland has a strong
impact on respondent’s expectation about business tendency in construction. The
most valuable predictors are construction/assembly works carried out by the enter-
prise and the guaranteed operating period of the enterprise. The average relative
weight were equal to 16,0% and 12,2% respectively. On the other hand, average
monthly gross wages excluding payments from profit in construction and index of
construction and assembly production, which are included in general economic
situation’s indicators, have influenced explaining the variance of dependent vari-
ables (13,7% and 11,4% respectively).
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Zastosowanie metody epsilon do modelowania oczekiwan koniunktury
gospodarczej w budownictwie

Streszczenie: Metoda Epsilon zostata zastosowana do badania sity powiaza-
nia migdzy wybranymi obiektywnymi i subiektywnymi czynnikami zwiaza-
nymi ze spodziewana kondycja dyrektoréw przedsigbiorstw w przysziosci.
Celem artykutu bylo zbadanie, ktéra zmienna ma najwigkszy wpltyw na ocze-
kiwania koniunktury gospodarczej w budownictwie. Wyniki przedstawiaja
przekonujace dowody, ze respondenci polegaja zarowno na wtasng opinia sy-
tuacji przedsigbiorstwa, jak rowniez na ogolny stan gospodarczy. Badanie zo-
stato przeprowadzono w oparciu o Polskie dane z okresu 2000:1 do 2008:10.

Stowa kluczowe: metoda Epsilon, wskaznik relatywnej wagi, budownictwa
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Streszczenie: W wielu badaniach problem stanowia obiekty nietypowe, kto-
rych cechy opisywane sa bardzo duzymi warto$ciami. Moga one wplywac
W sposob znaczacy na wyniki badan z powodu zmniejszania zakresu zmien-
nych dotyczacych obiektow typowych podczas normowania. Niekorzystny
wplyw warto$ci nietypowych mozna zminimalizowac przez wykorzystanie
pewnych metod normowania. W artykule zostaly przedstawione dwie tego
typu metody: standaryzacja z wazonym odchyleniem standardowym oraz
unitaryzacja z warto$ciami progowymi.

Stowa kluczowe: obiekty nietypowe, metody normowania.

WSTEP

Zmienne biorace udzial w tworzeniu miar syntetycznych, czy tez wykorzy-
stywane w grupowaniu, czgsto sa wyrazone w roznych jednostkach miary, na
przyktad w osobach na kilometr kwadratowy, czy tez ztotowkach. Zmienne takie
sa nieporownywalne. Zmienne moga mie¢ tez jednakowe jednostki miary, ale by¢
nieporownywalne ze wzgledu na roézny zakres wartosci. Przyktadem moze by¢
sredni miesigczny dochod na osobg i $rednia kwota wydawana miesigcznie na kul-
ture (kino, teatr itp.). Zmienne te sa porownywalne, jednak ze wzgledu na wicksze
wartosci sredniego miesigcznego dochodu na osobg ta zmienna bgdzie dominowac.
Jej wazno$¢ bedzie znaczaco wigksza niz waznos$¢ Sredniej kwoty wydawanej na
kulture, w zwiazku z tym druga zmienna nieznacznie tylko wptynie na wartosé
miary syntetycznej, czy tez wyniki grupowania [Kukuta 2000].

W ogolnej formie formul¢ normowania cech mozna przedstawic¢ nastepujaco
[Grabinski i in. 1989, Kolenda 2006]:



186 Kesra Nermend

x| =\~ (1)

gdzie: x, — warto$¢ i-tej zmiennej dla j-tego obiektu przed normalizacja,
J

x,.' — warto$¢ i -tej zmiennej dla j -tego obiektu po normalizacji, B, — podstawa

J

normalizacyjna i -tej zmiennej (B, #0), 4, p — parametry.

Pojawienie si¢ w badanym zbiorze obiektow o nietypowo duzych warto-
$ciach zmiennych jest powaznym problemem. Obiekty te powoduja podczas stan-
daryzacji ,,zbicie” pozostatych wartosci w pewnym niewielkim zakresie wartosSci.
W przypadku unitaryzacji ,,zbicie” to jest jeszcze duzo silniejsze. Efekt ten powo-
duje, zaré6wno podczas grupowania jak i tworzenia miar syntetycznych, staba roz-
ro6znialno$¢ obiektow ze wzgledu na zmienna, w ramach ktorej wystgpuja takie
obiekty nietypowe. W skrajnym przypadku moze doj$¢ do sytuacji, w ktorej dla tej
zmiennej mozliwe bedzie jedynie rozroznienie obiektow nietypowych od pozosta-
lych, bez mozliwos$ci réznicowania obiektéw typowych.

STANDARYZACJA ZMIENNYCH DIAGNOSTYCZNYCH

Po standaryzacji obiekty nietypowe uzyskuja bardzo duza wartos¢ tej
zmiennej, dla ktorej posiadaja nietypowa wartos¢. W konsekwencji, o wartosci tej
zmiennej decydowac bedzie gtownie warto$¢ miary syntetycznej dla danego obiek-
tu.

Problem obiektow nietypowych w przypadku standaryzacji mozna nieco
ztagodzi¢ stosujac zamiast odchylenia standardowego wazone odchylenie standar-
dowe [Kozak i in. 2007]:

*%

N
2| %=
=11 J

B = = @)

gdzie: w, w - warto$¢ j -tej (k -tej) wagi.
J

Odpowiednie zastosowanie wag umozliwia zmniejszenie wplywu obserwacji
odstajacych na warto$¢ odchylenia. Obserwacjom dalekim od sredniej nadawane sa
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wagi mniejsze niz obserwacjom lezacym blisko wartosci $redniej. W najprostszym
przypadku mozna zastosowac system wag zero-jedynkowych:

3)

gdzie: x; — warto$¢ $rednia i -tej zmiennej, p — ustalona warto$¢ progowa (prog).

Ten system wag nadaje wagom warto$¢ jeden jezeli bezwzgledna rdznica
pomigdzy obserwacja a wartoscia $rednia jest mniejsza lub rowna od zadanego
progu, a warto$¢ zero jezeli jest wigksza.

Obiekty nietypowe wystepuja w populacji do$¢ rzadko - dwa albo trzy razy
w zbiorze stuelementowym zawierajacym zaréwno obiekty typowe, jak i nietypo-
we. Warto§¢ progu p mozna zatem uzalezni¢ od przewidywanego prawdopodo-
bienstwa wystapienia obiektow nietypowych. Mozna na przyktad przyjaé, ze
prawdopodobienstwo wystapienia obiektu nietypowego jest mnigjsze niz 5%.
Wowczas, jezeli zatozy sig, ze rozktad warto$ci zmiennej jest rozkladem normal-
nym, to warto$¢ progu p mozna przyjac jako rowna w przyblizeniu dwoém odchy-
leniom standardowym 20 . W przypadku ogdlnym, kiedy rozktad jest nieznany, ale
istnieje dla niego odchylenie standardowe, aby uzyskac¢ podobne prawdopodobien-
stwo nalezatoby przyja¢ w przyblizeniu p = 50 . Nalezy jednak pamigtaé, ze za-
dane prawdopodobienstwo wystapienia wartosci nietypowej jest prawdopodobien-
stwem najwigkszym z mozliwych. Jezeli nieznany rozktad okazalby si¢ rozktadem
normalnym, to faktyczne prawdopodobienstwo wyniostoby tylko okoto
0,0000006%. Ze wzgledu na to, ze sumowanie rozkladéw ,,przybliza” sumowane
rozktady do rozktadu normalnego, wigkszos¢ rozktadow wartosci zmiennych jest
zblizonych do rozktadu normalnego, a wigc warto§¢ progu z niewielkim btedem
mozna szacowac na podstawie zatozenia o normalnosci rozktadu. Warto$¢ progu
p mozna, zatem przyjac jako 20 .

UNITARYZACJA ZMIENNYCH DIAGNOSTYCZNYCH

Istnieja réwniez metody zmniejszania wptywu obiektoéw nietypowych na
unitaryzacje¢. Przyktadem tego typu metody jest metoda korekcji jasnos$ci i kontra-
stu stosowana w niektorych urzadzeniach do automatycznego wykonywania odbi-
tek lub tez w niektorych aparatach cyfrowych. Przy przetwarzaniu zdje¢ wystgpuje
podobny problem jak przy normowaniu zmiennych. Przy zapisie zdj¢é jest pewien

zakres wartosci jasnosci (lub sktadowych koloréw) najczesciej <0;255>. Jednak

zdjgcie zaraz po zarejestrowaniu ma duzo wigkszy zakres warto$ci, ktory musi by¢
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zmniejszony do docelowego. W najprostszym przypadku mozna zastosowaé unita-
ryzacj¢ zerowang (W przetwarzaniu obrazéw nazywang normalizacja), ktorej war-
tosci przemnaza si¢ przez docelowa wartos¢ maksymalna, czyli najczesciej 255.
Jednak pojawia si¢ tu problem wartosci nietypowych, ktore ze wzgledu na duza
liczbe pikseli obrazu pojawiaja si¢ zawsze. Powoduje to, ze wigkszo§¢ wartosci
skumulowana jest w pewnej niewielkiej czgsci zakresu docelowego. W konse-
kwencji zdjgcie wydaje si¢ mato kontrastowe. Aby zwigkszy¢ kontrast zdjecia, w
normalizacji uzywa si¢ nie wartosci skrajnych, a dwie wartosci progowe, lewa i
prawa, ustalane na podstawie specjalnego algorytmu, najczgsciej opartego o anali-
z¢ histogramu.

Podobne rozwiazanie mozna przyja¢ do normowania zmiennych. Jako pod-
stawg normalizacyjna mozna przyjac¢ warto$ci progowe:

B, =xp; = xp, )

gdzie: x,, —lewa warto$¢ progowa i -tej zmiennej, X,, — prawa warto$¢ progowa

1 -tej zmienne;j.
Jest to pewna odmiana podstawy normalizacyjnej [Kukuta 2000, Nowak

B, = max(xi j - min(xi] (5)

Wartos$ci progowe podobnie jak dla zdje¢ mozna wyznaczy¢ na podstawie
histogramu czgstosci. Przy czym, w przypadku zmiennych konieczne jest wyko-
rzystanie histogramu wzglednych czgstosci liczonego dla przedziatow wartosci
[Amir 2000]. Histogram taki liczy si¢ dla zadanej z gory liczby przedziatow, badz
zadanej z gory szerokosci przedzialow. Przy czym ten pierwszy przypadek jest o
tyle wygodniejszy, ze mozna okresli¢, jaka mniej wigcej powinna by¢ minimalna
liczba przedzialow. Najlepiej gdyby miata ona taka warto$¢, aby na jeden przedziat
nie wypadato $rednio mniej niz dziesig¢ obiektow:

N

N, <— 6
" =710 (©)

1990]:

gdzie: N - liczba obiektow, N, —liczba przedzialow.

W pierwszym etapie liczenia histogramu czgstosci wylicza si¢ zakres warto-
sci odejmujac od warto$ci maksymalnej wartos¢ minimalna:

zakr = max(xl.] - min(xl.] (7
7\ 7\

Zakres wartos$ci jest podstawa do wyliczenia szerokosci przedziatow:
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zakr

szer =

@®)

P

Szeroko$¢ przedziatow umozliwia okreslenie granic poszczegdlnych prze-
dziatow:

)

g, = szer(k—1)
gp, =  szerk

gdzie: g,, — lewa granica k -tego przedziatu, g,, — prawa granica k -tego prze-

dziahu.

Wyliczone w ten sposob granice definiuja przedzialy, przy czym jeden prze-
dziat jest zawsze domknigty dwustronnie, a pozostale moga by¢ domknigte lewo-
stronnie:

<gL17gPl)’<gL29gP2)>""<gLNp=gPNp> (10)

lub prawostronnie:

<gL13gP1>a(ngagP2>a-~-a(gLNpagPNp> (11)

Wybdr sposobu domykania przedziatow, gdy liczba obiektow jest duza, nie
ma znaczacego wptywu na wynik normowania zmiennych. Dla kazdego przedziatu
okresla sig liczbg warto$ci zmiennej nalezacych do tego przedzialu. Powstaje w ten
sposob histogram czgstosci. Warto$ci histogramu czgstosci zaleza od liczby
wszystkich obiektow oraz liczby przedziatow. Im wigcej jest obiektow, tym wigk-
sze warto$ci przyjmuje histogram czgsto$ci. Natomiast im jest wigcej przedziatow,
tym histogram przyjmuje mniejsze warto$ci. Aby uniezalezni¢ warto$ci histogramu
od liczby obiektow i liczby przedziatéw dokonuje si¢ ich przeskalowania:

N h,
hk — chzk (12)

gdzie: h_, — k -ty element histogramu czgstosci, /#, — k -ty element przeskalo-

wanego histogramu czgstosci.

Przeskalowany histogram czegstosci jest podstawa do wyliczenia lewej i pra-
wej wartosci progowej podstawianej do wzoru (4). Roztozenie wartosci zmiennych
charakteryzuje si¢ wystgpowaniem pewnego obszaru skumulowania wigkszosci
warto$ci (rys. 1). Poza tym obszarem znajduja si¢ nietypowe warto$ci zmiennej,
wystepujace dos$¢ rzadko. Ze wzgledu na losowy charakter wystepowania warto$ci
nietypowych mozna je pominaé przy okreslaniu lewej 1 prawej wartosci progowe;j.
Lewa i prawa warto$¢ progowa mozna przyjac za granice skumulowania wartosci.
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W celu okreslenia granic mozna przyja¢ lewa i prawa minimalna liczbg elementow
znajdujacych si¢ w przedziatach nalezacych do skumulowania. Jako lewa granicg
przyjmuje si¢ pierwszy z lewej strony przedziat, dla ktérego przekroczona zostata
minimalna liczba elementéw lewej strony. Podobnie, jako prawa granice przyjmuje
si¢ pierwszy przedzial z prawej strony, dla ktérego przekroczona zostata minimal-

na liczba elementoéw prawej strony. Ostatecznie wartoSciami X, ; 1 X, beda Srodki

wyznaczonych w ten sposob przedzialow.

Rysunek 1. Wyznaczanie warto$ci X, ; i Xp,;

X X
L P
H(x)
A
20000 _
10000 _
0L i | ! | ! >
100 0 600 700 800 x

Zroédto: obliczenia whasne

Warto$ci x,, i X,, mozna takze wyznacza¢ na podstawie odchylenia stan-

dardowego:

X, =X, —W,0; (13)
oraz

Xp; =X, +W,0; (14)
gdzie: 0, — odchylenie standardowe i-tej zmiennej, w, — wspdtczynnik okresla-

jacy krotno$¢ odchylenia standardowego.
Na og6l warto$¢ wspotczynnika w, przyjmuje sig, jako jeden lub dwa. Ta

metoda wyznaczania X,; 1 X,; jest duzo prostsza od poprzedniej, jednak przy
niesymetrycznych histogramach czg¢stoSci nie gwarantuje, ze obie wartosci X, ; i

Xp; beda lezaly w zakresie wartosci zmiennych.
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BADANIA EMPIRYCZNE

Normowaniu poddano warto$ci emisji zanieczyszczen pylowych powietrza z
zakladéw szczegolnie uciazliwych. Badaniu poddano 379 powiatow. Dane za-
czerpni¢to z GUS-u, dotycza one 2005 roku. Wskaznik emisji zanieczyszczen py-
lowych wybrano ze wzglgdu na duza jego rozbiezno$¢ w zaleznosci od charakteru
zaktadow znajdujacych si¢ na terenie poszczegoélnych powiatow. Istnieje wiele
powiatow o niewielkiej emisji zanieczyszczen zblizonej praktycznie do zera. Sa to
powiaty z obszaréw nieuprzemystowionych. Istnieje rowniez wiele powiatéw
znajdujacych si¢ w rejonach mocno uprzemystowionych gdzie emisja zanieczysz-
czen jest znaczna. Ponadto istnieje niewielka liczba powiatéw, na terenie ktérych
znajduja si¢ bardzo duze zaklady przemystowe, jak na przyktad elektrownie. Za-
ktady te emituja kilkaset razy wigcej zanieczyszczen niz typowe zaklady. Stanowia
one obiekty nietypowe zakldcajace wartosci miar syntetycznych.

Na podstawie wartosci wskaznika emisji zanieczyszczen pylowych wyzna-
czono warto$ci zmiennej przez podzielenie wartosci wskaznika przez liczbg zareje-
strowanych w danym powiecie firm. Otrzymano w ten sposoéb zmienna: emisja
zanieczyszczen pytowych na sto firm. Zmienna ta zestandaryzowano z wykorzy-
staniem zwyktego odchylenia standardowego oraz wazonego odchylenia standar-
dowego. Zestandaryzowane wartosci dla pierwszych stu wartosci przedstawiono na
rys. 2. Wykorzystanie standaryzacji z wagami spowodowalo zwigkszenie wahan
zestandaryzowanej zmiennej.

Rysunek 2. Poréwnanie standaryzacji i standaryzacji z wagami dla pierwszych stu obiektow

Warto$¢ zmiennnej
po standaryzacji

) I
— Standaryzacja
JUCT S R | I - Standaryzacja z wagami I
1L
0,5 ~
oL
0,5 | ‘
1k |
15 |
2 : ‘ ‘ ‘
. " 0 50 80 100

Numer obiektu

Zrodto: obliczenia wlasne
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Badana zmienna podano unitaryzacji zerowanej oraz unitaryzacji z warto-
sciami progowymi (rys. 3). Warto$ci progowe byly wyliczone na podstawie odchy-

len standardowych. Przyjeto jako w,_ wartos¢ 1,5. Unitaryzacja z wartoSciami

progowymi spowodowata zwigkszenie oscylacji warto$ci, ale jednoczesnie spowo-
dowala znaczne przesunigcie wykresu w gore. To przesunigcie w gore jest spowo-
dowane niesymetrig rozktadu wartosci, przy czym w zaleznos$ci od formy niesyme-
trii uzyskujemy przesunigcie w gorg lub w dotl. Te ostatnie jest szczegolnie nieko-
rzystne, gdyz pojawiaja si¢ wartosci ujemne. W przypadku niektorych metod two-
rzenia miar syntetycznych jest to niedopuszczalne.

Rysunek 3. Poroéwnanie unitaryzacji zerowanej i unitaryzacji z wartosciami progowymi

liczonymi z histogramu dla pierwszych stu obiektow
Warto$¢ zmiennnej
Ppo unitaryzacji

1 i

— Unitaryzacja
| ‘ ~—  Unitaryzacja z progami
0,8 | ‘ A
0,6 | | I In i
04 N
02 I i
0 | ) ‘ : A N
0 20 40 60 80 100

Numer obiektu

Zrodto: obliczenia wilasne

Wady zwiazanej z przesunigciem wykresu nie maja wartosci progowe wy-
znaczane z histogramu. Histogram, ktory postuzyt do wyliczenia warto$ci progo-
wych miat sto przedzialow. Lewe i prawe progi wyznaczenia wartosci progowych
byly rowne i okre§lone zostaty na dwadzieScia elementéw. W rezultacie uzyskano
znaczne zwigkszenie warto$ci wahan zmiennej przy bardzo malym przesunigciu
wykresu. Niedogodnos$cia tej metody wyznaczania warto$ci progowych jest fakt,
ze konieczna jest do§¢ znaczna liczba obiektow do dokladnego okreslenia wartosci
progowych.
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PODSUMOWANIE

Przetestowano rozne metody eliminacji wptywu obiektéw nietypowych na
normowanie zmiennych. Wszystkie one powoduja zwigkszenie wahan wartosci, co
wplywa na zwigkszenie rozroéznialnosci obiektow typowych ze wzgledu na dana
zmienng. W przypadku unitaryzacji, przy malej liczbie obiektow, wartosci progo-
we mozna wyznaczy¢ przy pomocy odchylenia standardowego. W tym przypadku
dobrze bytoby, gdyby rozktad warto$ci zmiennej byl symetryczny. Przy duzej licz-
bie obiektow mozna wyznaczy¢ wartosci progowe z histogramu. W tym przypadku
warunek symetrii rozktadu wartos$ci nie jest konieczny.
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Standardization of Variables Describing Untypical Objects

Abstract: In many investigations the problem of untypical objects, whose
characteristics are described by very large values, appears. Such objects may
affect significantly the investigations results due to the reduction of the scope
of variables in the process of standardization. Negative impact of the untypi-
cal values can be minimized by the use of certain methods of standardization.
The article presents two such methods: standardization with the weighted
standard deviation and unitarization with threshold values.

Key words: untypical objects, standardization methods
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IS MULTIPLE LINEAR REGRESSION THE PROPER TOOL OF
MODELLING A BEHAVIOUR OF REAL SYSTEMS?
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Abstract: Methodological assumption that multiple linear regression is an
adequate tool of modelling the behaviour of real systems is checked. To do
this the experiment is organised on the basis of simple “real” system repre-
sented as finite discrete automaton. Main result is that in situation of “black
box” modelling the approximation of output variables with multiple linear
regressions (from several samples and under different conditions) may not
fulfil any of criterions of feasible approximation of systems behaviour, also
in situations where real relation between input and output variables is strictly
linear and only one of variables is omitted.

Keywords: model of real system, multiple linear regression, real system
structure, discrete automaton, ,,black box” modelling, quality of approxima-
tion

INTRODUCTION

After almost 40 years the main postulates of W. Leontief on modelling real
economic systems are still actual'. In present paper we take one of steps on this
difficult road of verification of assumptions of modelling real systems.

Multiple linear regression is often used to describe then analyse, forecast or
simulate the behaviour of such real systems as economic, environmental, technical
and social ones. Most of these models are quantitative models based on statistical
data. There still appear failures or unsatisfactory results when applying such quan-
titative models especially to forecast or simulate behaviour of economic systems. It

" We mean especially postulate: “What is really needed, in most cases, is a very difficult

and seldom very neat assessment and verification of these assumptions in terms of observed
facts.” [W. Leontief, 1971, p. 2].
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is often pointed out by experienced practitioners and methodologists® that these
failures are caused mainly by structural changes in modelled systems® or by one or
more principal factors from listed below:

a) omitted or misspecified variables,

b) multicollinearity (near multicollinearity) between explanatory variables,

c) using bad data, (e.g. inadequate or incomplete or data with errors),

d) stochastic nature of relations,

e) series of data containing time trends,

f) misspecification of the functional form of relations between variables,

g) inadequate, incomplete (or lack of) theory of the modelled system.

After the period of significant creativity resulting in many ideas of models
taking into account structural changes® in recent years the greater attention in re-
searches is paid to testing hypotheses of structural break’.

But still the more fundamental problem than hypotheses testing is how to
construct the adequate model. The opinion is that if there exists no one of above
mentioned reasons of failures of models’ applications, excluding lack of or incom-
plete theory, then the regression model with good ratios of its stochastic structure
ought to be proper for representing, forecasting or simulating given real system.

But models of real systems, especially econometric ones, are constructed of-
ten in situations of “black box” modelling. It means that the data, which modeller
possess, are describing only input and output series but are not describing (internal)
states of modelled system.

In [Nowak 2000] the following problem was stated: Is the multiple regres-
sion an adequate tool of modelling and forecasting in “black box” situations under
the assumption that there exists no one of above mentioned reasons of failures of
models’ applications (excluding lack of theory or incomplete theory)?

To answer the above question there was conducted an experiment of model-
ling simple system under above assumption. We have generated several samples of
observations, estimated parameters of linear regressions with two explanatory (in-
put) variables and approximated endogenous (output) variables within and out of
samples (using true, observed values of explanatory variables).

Instead of fulfilling the above assumption® and very high values of determi-
nation coefficients, R?, the quality of approximation of dependent variables out of
samples was very poor. The greater part of regressions produced mostly approxi-

% See e.g. Mayer (1993), Broemeling (1982), Hendry, Richard (1983), survey in Nowak
(1981).

* The main reason of these structural changes is the nature of economic (social) real-

ity (cf Marschak, 1950 or Leontief, 1971).

* See e.g. survey of such ideas in Nowak (2004).

> See e.g. Bai (1999), Elliott and Miiller (2006) or Juhl and Xiao (2009).

% We could not avoid only some correlation between explanatory variables in some samples
instead of generating their values on the base of random tables.
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mation errors’ greater then 10% of really observed values of endogenous variables.
The remaining regressions produced nearly half of such infeasible errors. There
were several errors greater than 100% (!) of approximated values, some of them
greater than 500%. The whole sample, consisted of all generated observations,
numbered 34 elements. In addition, great variability of estimates of regression
parameters was observed (from one sample to another sample).

There exist several practical criterion s of adequacy (feasibility) of approxi-
mations (or forecasts). We can take into account one or combination of at least
three following criterions:

1) no error is greater than 10% of observed (approximated) value (very strong
condition),
2) no more then 10% of errors is greater than 10% of observed (approxi-
mated) values,
3) mean of absolute values of relative errors is not greater than 10%.
Results of [Nowak 2000] showed that none of above criterions of feasibility of
approximation was fulfilled by any regression from any sample.

The general conclusion of this investigations was that in situation of “black-
box” and instead of lack of principal reasons of failures of modelling multiple lin-
ear regression is not the adequate tool of modelling behaviour of system.

The goal of present investigations is to check if the above described results
were not casual and conclusion will be valid in situations of changed two types of
conditions: A) with another initial states and B) quite different sequence of obser-
vations. To check this we must repeat the mentioned experiment with two parts
according to A and B.

REPRESENTATION OF REAL SYSTEM

To make our experiment we must choose the point of view, and then the way
of representation of real systems. This choice is very important from the methodo-
logical as well as from the quality of approximation point of view.

It is widely known that the reaction (output) of every real system does not
depend only on impulse (input) acting on this system but also depends on a current
state in which this system remains. Therefore we accept the way of representation
of real systems as systems of inputs, states and outputs as it is accepted within
automata theory in cybernetics or general systems theory.

In economic sciences possibly first who applied such representation of real
economic systems were Kornai (1971) and Rey (1971) and (1979).

7 Approximation error we mean difference between observed and theoretical value of any
output variable, where theoretical value is calculated from corresponding regression when
“true” (observed) values of explanatory variables were used.
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To say more exactly we accept as true the working hypothesis that every real
system can be fully and explicitly described (on a proper level of generalisation) by
the following quintuple

<X,Q,Y,8,A>, (1)

where: X - the input set (containing inputs, x's, i.e. actions of the environment on
the system), Q - the set of states of the system, Y - the output set (enclosing out-
puts, y's, i.e. actions of the system on its environment), 8: R — Q: (x,q) — (' - the
state transition function, where R € XxQ, A: R — Y: (x,q) — y - the output func-
tion, and X, Q, Y are finite. Formally, the quintuple <X, Q, Y, 8, A> is also a defi-
nition of so called discrete, finite Mealy automaton (or machine).®

If the "internal" structure (i. e. transition and output functions) of real sys-
tem is not known the recognition of the way of performing inputs into outputs be-
comes the main problem of investigations and the "black box" approach can be
applied here as an auxiliary, intermediate tool.

ORGANISATION AND PRINCIPLES OF THE EXPERIMENT

The experiment will consist of two phases as in [Nowak 2000].

In phase I we take some “real” system’ represented by quintuple (1), i. e. we
know everything about its structure (transition and output functions). We fix its
structure over the whole experiment — no structural changes. Then we randomly
generate'® sequences of inputs in subsequent steps (“time units”)'' observing result-
ing sequences of states and of outputs of this system. Then we prepare data that are
quantitative characteristics of these sequences of inputs and outputs (input and
output variables).

In phase II we arrange the situation of the “black box” modelling, i. e. a
modeller, as in many cases in reality, does not know (must forget) the structure of
the modelled system which is this “real” system from phase 1. Then to describe the
behaviour of this system the modeller have only data which are quantitative charac-
teristics of input and output elements in subsequent observations (time units)'?,

¥ Theory of automata treats the automaton as only "an information processor" but the au-
thor following Kornai (1971) and Rey (1979) does not impose any constraints on the "na-
ture" of elements of the system under consideration, described by the quintuple (1).

? Despite of this artificially construction of the system used in experiment its structure has
all basic features of real systems according to axioms listed in [Nowak 2003].

' Random generation of inputs is applied to avoid time trends or periodic fluctuations in
data, and, to minimalise probability of multicollinearity (or near multicollinearity) between
explanatory variables.

"' One can interpret these subsequent steps as time units but it is not necessary.

12 We described in detail the “nature” of economic statistical data or the relation between
statistical data and input and output elements of real economic systems in Nowak (1985).
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Next we assume that the behaviour of this system (which is now limited to behav-
iour of input variables) can be adequately represented by linear regression between
output and input variables as explanatory ones. Then we estimate parameters of
such regression for samples of different sizes, approximate values of output (de-
pendent) variables within and out of these sample (using always “true”, observed
values of explanatory variables) and check adequacy of these approximations.

Particular principles of the experiment are as follows. In phase I we take into
consideration the same simple system as in [Nowak 2000].

The structure of real system can be presented more conveniently, instead of
the quintuple (1) with its algebraic description, as a graph'’, and in general case, as
the directed multigraph. So we present the structure of this system in more con-
venient form as the graph in fig. 1.

Elements of the graph representing the structure of system have following
meaning:

- nodes represent states of system, q’s,

- arrows represent possible transitions of system from state q to state q (at
the arrow-head) - but not vice versa — when input x acts on state g,

- labels of arrows, pairs (X, y), denote what output is produced when input x
acts on state q (the beginning of arrow);

- first element of label of every arrow shows input x which causes transition
from state q to state q’ represented by this arrow.

Figure 1. Representation of system G2 with its structure and behaviour in observation no. 2.

X092

X X XX Xy y1y2y2y1y2
— ey ———=

Source: Nowak (2000), p. 173.

Elements of a graph representing the structure of system have following meaning:
- nodes represent states of system, q’s,
- arrows represent possible transitions of system from state q to state q’ (at
the arrow-head) - but not vice versa — when input x acts on state g,

" By a graph we mean, in general case, a directed multigraph.
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- labels of arrows, pairs (X, y), denote what output is produced when input x
acts on state q (the beginning of arrow);

- first element of label of every arrow shows input x which causes transition
from state q to state q’ represented by this arrow.

Fig. 1 represents an example of the behaviour of system G2, here during ob-
servation no. 2 where system’s initial state was qs.

Principles of generating input sequences using random numbers table'*:

1) watch succeeding digits of random numbers, row by row, from the left to the
right, 2) if digit is odd (but other than 9), choose x;; if digit is even, choose x,; if
digit is 0, omit it; if digit is 9, it means the end of given sequence of inputs.

It is assumed for simplicity that we use only one-element inputs and outputs.
Then measuring quantities of input and output elements is simple and values of
input and output variables are the frequencies of occurrence of input or output of
given kind in given sequence of inputs or outputs.

If we denote any observation in our experiment as quadruple (y,’, y2’, X;’,
x;"), where symbols y;’, y2’, X;’, X" denote values of corresponding output and
input variables, i. e. quantities (here: frequencies of occurrence) of, respectively,
outputs y; and y, and inputs x; and x, in corresponding sequences then the quadru-
ple representing observation no. 2 described in fig. 2 can be registered as (y,’, y2’,
X1’ X2") =(2,3,1,4).

To realise part A of our experiment (changed initial state) we generated (ap-
plying above principles) new 34 observations using the same sequences of inputs
as generated in [Nowak 2000] but starting from other than q; initial states.

To realise part B we generated (applying above principles) quite new 34 ob-
servations using quite new sequences of inputs'” and starting from initial state q;.

In phase II we are in “black box” modelling situation. So we “forget” all in-
formation on transition and output functions. But we know all input variables the
output variables are dependent of and we have all data concerning these input and
output variables. Next we estimate (by least squares method) parameters of linear
regressions of the form:

yii =B+ Bixi” + Bxo” & (i=1,2), (2
where By, B; and [, are structural parameters, € is error term.

We do such estimations for samples of different sizes, which contain obser-
vations no. 1-6, 1-12, 13-24, 1-24, 25-29, 30-34 and 1-34. Then we check general
goodness of fit, using R% and significance of estimated parameters. The most im-
portant is checking the quality (feasibility) of approximation of values of output
variables, y;’s, the principal element of observed behaviour of modelled system.

'* We used tables published by Martin (1968). In experiment in Nowak (2000) we used
random number rows from 1 to 4.
!> All randomly generated using tables by Martin (1968); rows from 10 to 16.
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RESULTS OF NEW EXPERIMENT

Observations we have generated'® in phase I are contained in table 4 in Ap-
pendix. Results of estimation are presented in table 1.

Table 1. Estimates of full regression parameters and adjusted coefficient of determination. R*.

Full regression for y,’ Full regression for y,’

Initial state: g; or q4; old inputs Initial state: g3 or q4; old inputs.
Sample | b, b, b, R by b by R
1-6 0,107* 10,071* 0,442 (0,893 -0,107* 10,929 0,558 0,992
1-12 0,020* (0,072* 10,478 10,933 -0,020* 10,928 0,522 0,992

13-24 [-0,052* [ 0,174* 0,476 10,948 0,052* 10,826 0,524 0,984
1-24 -0,013* | 0,084 0,517 (0,946 0,013* 1,017 0,572 0,987
25-29 [-1,455*(0,214* 0,623* 10,629 1,455* 10,786* 0,377* 0,684

30-34 10,591* [-0,003* (0,429 [0,982 -0,591* |1,003 0,571 0,982
1-34 -0,020* | 0,077 0,506 |0,939 0,020* 10,923 0,494 0,986
Full regression for y,’ Full regression for y,’

Initial state: q; and new inputs Initial state: q; and new inputs
Préba | b, b, b, R2 b, b, b, R

1-6 -0,176* 10,054* [0,589 0,989 (0,176* 0,946 0,411 0,999
1-12 0,024* 0,172* 10,408 0,900 | -0,024* 10,828 0,592 0,985
13-24 [-0,043* 10,127* 0,482 0,935]0,043* 10,873 0,518 0,989
1-24 0,000%* 0,148 0,453 0,934]0,000*% 10,852 0,547 0,989
25-29 10,179* -0,011* 10,640 0,9751-0,179* 1,011 0,360 0,997
30-34 [-0,339* |0,197* 0,551* ]0,89410,339* (0,803 0,449 0,979
1-34 -0,051* 10,131 0,485 0,923 (0,051* {0,869 0,515 0,988

* means that the corresponding parameter was not statistically significant'’ (level of sig-
nificance = 0,10); RZ- adjusted coefficient of determination.
Source: authors calculations.

Because all free terms were statistically insignificant we estimated also pa-
rameters of regressions without free term. Instead of insignificance of parameter 3,
in some regressions we did not withdraw variable x,” from these regressions be-
cause they were basic factors the output variables depend of (according to true
knowledge of modelled system). It was not surprising that estimates of parameters
from different samples were also different. In two small samples we observed also
change of sign of estimate of coefficient ;.

' Observations generated from initial state g, for old input sequences were the same as for
initial state q;.

7 Under assumptions of normality of distribution and independence of error term (checked
by proper statistical tests) and of absence of multicollinearity.



Is multiple linear regression the proper tool... 201

Tables 2 and 3 present results of approximation of output values.

Table 2. Means* of absolute values of relative errors (percent errors).

Sample
1-6 | 1-12 | 13-24 | 1-24 [ 25-29 | 30-34 | 1-34 |
Initial state: q;; old inputs

Full'y’ [20 |21 33 24 148 156 |23 n=26
Ful'y, |14 |13 13 11 152 | 96 12 n=34
Wiy [22 |21 31 23 96 80 23 n=26
Wiy, |11 |12 14 12 12 13 11 n=34
Initial state: q; or g4; old inputs
Full'y |16 |16 25 19 42 14 18 n=27
Full'y, |12 10,4 | 11 11 37 16 10,2 | n=34
Wity |16 |16 24 18 18 16 18 n=27
Wit y,” | 104 (102 |12 11 104 | 10,1 | 104 |n=34

Initial state: q;; new inputs

Full'y’ [25 |23 20 20 29 25 22 n=30

Full'y,, [11 |13 11 12 17 11 11 n=33
W’ y,” |23 |23 20 20 27 26 22 n=30
Wiy, |12 |12 11 12 15 13 11 n=33

"Full — full regression > Wft — regression without free term. * Calculated without errors
when observed value was 0.
Source: authors calculations.

Synthetic evaluation of adequacy of approximation of output variables y’s
by linear regression models from different samples is presented in table 3 in Ap-
pendix.

FINAL REMARKS

Observed variability of regression coefficient cannot be explained with
structural changes, because the structure of modelled system was constant over the
whole period of our experiment.

According multicollinearity; relatively moderate values coefficients of de-
termination R” of regressions between explanatory variables we obtained, from
0,119 (for sample 1-6 and 1-34) through 0,55 to 0,94 (in two small samples, 25-29
and 30—34)18 for part A of experiment, and most of them from 0,524 to 0,685 (and
0,85 for samples 1-6 and 13-24) in samples for part B, give introductory informa-
tion that there could be from two to four cases of near multicollinearity. It can be
one of reasons why we could obtain some statistically insignificant parameters.

'8 For which inputs were generated in special (different than for first 24 observations), not
quite random way.
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The first basic result of presented experiment is that instead of 1) very good
values of adjusted coefficients of determination R>* of almost all estimated regres-
sions and 2) almost ideal conditions of modelling such as lack of structural
changes, no time trends or errors in data, slight symptoms of multicollinearity (in-
stead of few samples), variables was not misspecified etc. the quality of approxi-
mation of output variables with all estimated regressions was poor.

Notice that no one of estimated regressions did not fulfilled in any part of
experiment no one of three mentioned in par. 1 criterions of adequacy, also not the
most tolerant criterion, i. €. no mean of absolute values of relative errors was less
(or equal) 10% (see table 3). Also increasing samples did not lead to substantial
improvement of quality of approximations (see table 3).

The next result is that there were not essential differences or improvement in
quality of approximation of behaviour of given system when initial states were
changed or new input sequences was acting on the system in the same initial state
as in first experiment'®. So this new experiment in changed conditions confirms the
results obtained in experiment from 2000yr.

It can be done more and more similar experiments with different sets of ob-
servations, new, more complex system, many-element inputs and outputs with
“prices” of these elements, new modelling tools or more sophisticated use of re-
gression. But if it is done in situation of “black box” modelling analogous to situa-
tion of inadequate, incomplete (or lack of) theory of the modelled system the proc-
ess of modelling is subject to danger of misspecification of the functional form of
relations between variables and, first of all, to omit*® or to misspecify variables.

If estimates and approximations are not satisfactory there will be supposed
that true relation between variables is nonlinear. But what functional form ought to
have such nonlinear relation, if we do not know the structure of real system?

In situation in this experiment the true relation between input and output
variables was linear (!) as below?':

yU=x1 X" —y) 3)

The second basic result of presented experiment is that in situation of “black
box” modelling the approximation of output variables with multiple linear regres-
sions (from several samples and under different conditions) may not fulfil any of
criterions of feasible approximation of systems behaviour, also in situations where
real relation between input and output variables is strictly linear and only one of
variables is omitted.

' Only some improvement was in regressions from 5-element samples (25-29 and 30-34),
but still with infeasible quality of approximation.

Y We mean variables representing states of system.

*! Because of assuming very simple system and one-element inputs and outputs. But rela-
tion (3) in general may be no longer true under other assumptions than applied in our sim-
ple situation.
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But what could be the reason to modeller to include into regression model
the other output variable as explanatory variable if he had true information that
outputs of type y; (therefore output variable y,’) are results caused only by factors
named inputs x; and x, and internal (nonobserved) states?

And what would be the results of assuming and estimating any nonlinear re-
lation between variables if true relation is linear?
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Czy liniowa regresja wieloraka jest odpowiednim narzedziem modelowania
zachowania systeméw rzeczywistych?

Streszczenie: W pracy sprawdzono metodologiczne zatozenie, ze liniowa re-
gresja wieloraka jest odpowiednim narzedziem modelowania zachowania
systemow rzeczywistych. W tym celu przeprowadzono eksperyment, w kto-
rym wzigto pod uwage prosty system “rzeczywisty” reprezentowany z pomo-
ca dyskretnego automatu skonczonego. Glowny wynik tego eksperymentu
mowi, ze aproksymacja zmiennych wyjsciowych z pomoca liniowej regresji
wielorakiej (w sytuacji modelowania “czarnej skrzynki”, na podstawie szere-
gu prob i w réznych warunkach) moze nie spetnia¢ zadnego z kryteriow do-
puszczalnej aproksymacji zachowania modelowanego systemu, roOwniez w
sytuacjach, gdy rzeczywista relacja pomigdzy zmiennyymi wyjsciowymi a
zmiennymi wejsciowymi jest doktadnie liniowa oraz gdy tylko jedna ze
zmiennych jest pominigta.

Stowa kluczowe: automaty dyskretne, model systemu rzeczywistego, linio-
wa regresja wieloraka
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APPENDIX

TABLE 3. Quality of approximations of output variables with linear regression models.

Sample (Numbers | Regression for y,’ Regression for y,’
of ob- | Full Without free term | Full Without free term
serva-
tions)

Initial state g3 or g4 and old inputs

1-6 - 14 -20 +16 +12

1-12 - 15 -19 +9 +10

13-24 -17, -20, + 14 -23

1-24 -20, -16, +8 +13

25-29 -20; -26 19 -21y +13

30-34 +13 -26, +15, +15

1-34 -17 - 17 + 10 +12

Initial state q; and new inputs

1-6 - 18 - 17 +11 +10

1-12 -23 -23 +13 +13

13-24 -17 - 17 +12 +12

1-24 -17 -17 +12 +12

25-29 -2134 -21 - 18 + 15

30-34 -20, -20 +10 +15

1-34 -17 -17 +12 +12

Meaning of signs and numbers in the table:

“- n“ means that majority of approximation errors were greater than 10% of really observed
values of endogenous variables, and n is the number of such errors,

“+ n” means that most of approximation errors were not greater than 10%, and n is the
number of errors greater than 10% of really observed values,

number appearing as subscript means number of errors greater than 100%,

“full” means linear regression with free term and two explanatory (input) variables.

Source: authors calculations.
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TABLE 4. Observations for system G2 generated in new conditions of experiment.

No. Initial state: q; or g4 Initial state: q;
of ,01d” input sequences New input sequences
obspr— Quantities Quantities Quantities Quantities
vation of inputs of outputs of inputs of outputs
yi yo' Xy Xo’ yi yo' Xy Xy’
1 4 15 12 7 4 13 11 6
2 2 3 1 4 2 4 3 3
3 0 2 2 0 5 13 10 8
4 1 2 2 1 1 4 3 2
5 1 3 1 3 1 1 0 2
6 2 3 2 3 1 2 1 2
7 0 1 0 1 4 10 8 6
8 4 9 6 7 0 2 2 0
9 1 3 3 1 4 6 5 5
10 0 2 2 0 1 4 4 1
11 1 1 1 1 3 8 8 3
12 0 1 1 0 3 9 5 7
13 1 2 1 2 2 2 0 4
14 2 4 2 4 4 7 4 7
15 0 1 1 0 5 9 6 8
16 2 2 2 2 0 2 0 2
17 6 13 7 12 1 0 1 0
18 2 5 4 3 0 1 0 1
19 2 2 1 3 3 2 2 3
20 0 4 4 0 1 5 3 3
21 2 3 1 4 10 26 20 16
22 5 9 6 8 1 3 2 2
23 0 1 1 0 1 3 1 3
24 7 12 9 10 5 9 5 9
25 3 9 6 6 0 2 2 0
26 4 6 1 9 3 13 11 5
27 1 10 10 1 4 15 13 6
28 5 7 3 9 4 7 5 6
29 4 7 6 5 1 5 5 1
30 1 9 9 1 1 2 2 1
31 3 9 6 6 6 15 14 7
32 3 8 5 6 5 8 7 6
33 5 6 1 10 2 3 1 4
34 2 10 9 3 1 4 2 3

Source: authors calculations.
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Abstract The primary purpose of this work is to identify the business cycle
types in the Czech Republic. In the light of business cycles problematic, and
viewed from the frequency analysis perspective, harmonic analysis will be
used. From the range of de-trending techniques, the first order difference,
linear filtering, unobserved component model and Hodrick-Prescott filter are
used. In the case of Hodrick-Prescott filter, a cyclical fluctuation estimate
with the derivation of smoothing parameter designed specially for the Czech
Republic case is investigated. The aim is to distinguish types of cyclical
fluctuations in the Czech Republic. A consequent analysis of potential
sources of cyclical movement is done.

Keywords: harmonic analysis, deterministic trends, stochastic cycles,
economic activity, business cycle

INTRODUCTION

In many studies, the economic activity of a country is discussed in respect to
the business cycle theory. Recall for example Canova (1998, 1999) business cycle
study from de-trending and dating turning-points points of view; also King and
Rebelo (1993) using the Hodrick — Prescott (HP) filter in time and frequency
domain or Harding and Pagan (2006) with the description of different measuring
ways of business cycle. There is a variety of approaches to de-trending methods,
approximations between filtering methods and effects of used techniques on
obtained results. Nevertheless, the empirical analysis results are different from the
data approach results. The correctness of the business cycle identification consists
of stabilization function of monetary and fiscal policy.

Most of these studies work with advanced market economy, like the US
economy having at disposal a large data sample size. The case of the Czech
Republic is different. The type of economy in this country is denoted as transition
because the economy was transformed from a central planned economy into a
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market economy with shocks, structural breaks and with a small sample size of
available data.

Notice that a series of works are motivated by the European Union
enlargement when countries study their transition economies, separately or in
comparison with Euroarea, comovement as well as aspects of evolution of
domestic economy. Recall for example the work of Artis & all (2004) or Szapary
and Darvas (2008). The work of Wozniak and Paczinski (2007) using the finite
order AR model for the calculation of time series spectra belongs to the topical
(contemporary) pieces. Furthermore, Hallet and Richter (2004) examined the time-
frequency framework in a way which allows to accommodate structural breaks and
non-stationary variables.

Thus, this paper focuses on the business cycle in the Czech Republic from
the frequency domain point of view using harmonic analysis for identifying
possible types of cycles. Available data are the quarterly values of Gross Domestic
Product (GDP) 1996/Q1 — 2008/Q3. Consequently, the analysis of potential
sources of cyclical movement is done. The identification of sources of cyclical
movements can significantly contribute to the effectiveness of economic policy
during the economic activity stabilization.

EXPERIMENTAL PROCEDURES

The standard theory of Burns and Mitchel (1946) business cycle is used:
“Business cycles are a type of fluctuations found in the aggregate economic
activity of nations that organise their work mainly in business enterprises: a cycle
consists of expansion occurring at the same time in many economic activities,
followed by similarly general recessions, contractions, and revivals which merge
into the expansion phase of the next cycle; in duration business cycles vary from
more than one year to ten to twelve years; they are not divisible into shorter cycles
of similar character with amplitudes approximating their own.” There exist two
approaches to the business cycle. The first one is called the classical business cycle
and is based on a fluctuation in the level. The second one is known as the growth
cycle and is based on a fluctuation around a trend. The dating of cycles is usually
done by identifying turning-points. The time period is usually too short; full of
structural breaks and shocks. On the other hand, the growth cycle, where turning-
points are characterized by changes relative to the trend, represents a more
promising version of the business cycles (Artis & col, 2004). And, the dating
procedure of the growth cycle is less sensitive to the growth trend than that of the
classical cycle.

In the field of business cycle, cyclical movements of time series which
exhibit trends and cycles are studied. If the models are designed to characterize the
cyclical behavior, the trends are eliminated prior to the analysis. It is often useful to
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build a model where both trend and cyclical behavior are in the model and
eliminate the trend from the model and from the actual data in parallel fashion. The
specification of the model is subject to the constraint that it must successfully
characterize the trend behavior. Having satisfied the constraint, trends are
eliminated appropriately and the analysis proceeds with an investigation of cyclical
behavior. The isolation of cycles is closely related to the trends removal. Indeed,
for time series exhibiting cyclical deviations around a trend, the identification of
the trend automatically provides identifying the cyclical deviations as well. Notice
that the removal of the trend will leave such fluctuation intact, and its presence can
have a detrimental impact on inferences involving business cycle behavior.

In this paper, economic activity is measured by absolute values of GDP
transformed to the natural logarithms and denoted as Y, For the analysis of
business cycle, the additive decomposition method in the form

Y=g, +c, t=1,...,n, 9]

is used. There are three main approaches to removing the time trend from
macroeconomic time series. The first two approaches to the trend removal are de-
trending and differencing. De-trending is usually accomplished by fitting the linear
trend to log input values using the ordinary least square method (OLS). The third
approach to de-trending involves the use of filters designed to separate the trend
from the cycle, but given admission of slowly evolving trend. We use the Hodrick
— Prescott filter, which has proven quite popular in business cycle applications.
Thus, the set of chosen de-trending method is the following: the first order
difference (FOD), autoregression with/without a constant (AR), regression analysis
(linear and quadratic trend) and Hodrick — Prescott filter (HP filter).

In our paper, we are not discusing whether these methods are “the best” for
the trend removing, or which one is more or less suitable and why. We just take
some of standard methods, for example Canova (1998), Baxter and King (1999),
Hodrick and Prescott (1980) or books Mills (2003) or Dejong, Chetan (2007), and
search for statistically significant periods. The use of several methods for de-
trending provides a robust periodicity analysis in the sense of cyclical movement
source identification. As calculating the FOD as well as the estimating process of
random walk with/without a drift and regression curve using the OLS are well
known, we are not going to discuss it in detail. In the case of resultant
deterministic models, a quadratic model and the AR (with or without a constant)
were chosen according to the standard statistical techniques for the quality model
evaluation

The procedure of HP filter was first introduced by Hodrick and Prescott in
1980 in the context of estimating business cycles. The HP filter decomposes Y,
(macroeconomic time series) into a nonstationary trend g, (growth component) and
a stationary residual component c, (cyclical component)
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Y =g, tc, t=1,..n,

where g; and ¢, are unobservables. The measure of the g, path smoothness is the
sum of the squares of its second difference. The application of HP filter involves
minimizing the variance of cyclical component subject to a penalty for the variance
in the second difference of growth component

min{g,}[ll Ztrzl (Yz - & )2 + ﬂ’z; [(gt+1 - & )_ (gt ~— & )]

where ¢, = Y;-g,. The parameter A is a positive number which penalizes variability
in the growth component series. As Harvey and Jager (1993) have shown, the
infinite sample version of the HP filter can be rationalized as the optimal linear
filter of the trend component. King and Rebelo (1993) find that the business cycle
component and the second difference of the growth component must have the same
moving average representation for the HP filter to be a linear filter which
minimizes the mean squares error. That is, this filter minimizes the mean square
error

2

B

MSE =(1/T)Y. (ets(c,) ¢, ),

where ¢, is the true cyclical component and est(c,) is its estimate. Hodrick and
Prescot found that if the cyclical component ¢, and the second difference of growth
component g, (A’g,) are identicall;r and independently distributed normal variables,

c,~N (0, o’ ), Ng, ~N (O, 0'52, then the best choice in the sense of MSE for the

smoothing parameter is A = 0'3 / O'é. In many papers, the recommended lambda

value for the quarterly data is A=1600, see Ahumada, Garegnani (1990), Guy, St-
Amant (1997), Hodrick-Prescott (1980) and others. On the basis of this let us
formulate the rule which helps us to find the optimal smoothing parameter.

Let us have an input time series of positive values Y, t=1,...,n, a set of

lambdas L = [100/7;100- 1] and an indexed set I = [l,...,length(L)]. Thus, for

every L; € L, i € I we can calculate the Hodrick — Prescott estimate of growth and
cyclical components of Y,. Let the cyclical component ¢, and the second difference
of growth component g, (A’g,) be identically and independently distributed normal

variables, ¢, ~ N|0, O'c2 , A g, ~N (0, 0'2,). Thereafter, the optimum value of
smoothing parameter A is such that

2, 2 2, 2 .
Ap =0.10, &L, =0./0,, foranyiel

0

where the difference d = ‘Li -0’ /O'é‘ <100/n.
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For the periodicity analysis in the time series, the following harmonic
analysis was used. After removing the trend T, residuals were obtained, i.e.

e=Y-T,t=1..,n.

For the analysis of random sequence in the form

nl/2
e, =+ (a,cos(wt)+b;sin(w,)+¢&,=1,.,n,
j=1

where 1, a;, b; and w; (0 < w; < 7) are unknown parameters, e; is stationary process,
a periodogram is usually used. In points wy,..., @,, the periodogram constructed for
a given sequence of realization has relatively big values, and thus makes it possible
to find estimates of the parameters wj,..., ®, including the value r (the
corresponding statistical procedure is called the Fishers test of periodicity and it is
discussed later in the text). The coefficients a;, b; are estimated using the ordinary
least squares method (OLS) in the standard way; they represent a regression
parameter for the j-th smoothing sinusoida, resp. cosinusoida, and the following
formulas derived on the basis of OLS hold for their calculation

a, = gzq sin(w;f), b, = gzq cos(@;), j=1lyn/2.
t=1 t=1

Next, the variability corresponding to the j-th smoothing sinusoida and

cosinusoida is calculated according to the formula
var; = 1/2(aj2. +bf) .

Testing the statistical significance of all possible periods and connected
theoretical variance is done by the Fisher test (Andél, 1976). As it was mentioned
above, it is suitable to use some stationary test; therefore we propose the
augmented Dickey-Fuller (ADF) test (Wooldridge, 2003).

RESULTS

The input data set for the economic activity measurement in this paper are
the values of Gross Domestic Product (GDP) in the Czech Republic. The available
data are quarterly values 1996/Q1 — 2008/Q3. Notice that the GDP values in
absolute form (y;) had been transformed into natural logarithms and denoted as Y,
(figure 1) before the analysis.

In the first step of empirical analysis, the stationary test of input values was
done. According to the ADF test, the logarithmic values of the Czech Republic
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GDP are trend stationary on 5% significance level with lag p=2. We can permit
that the effects of random disturbance disappear gradually over time because our
variable grows along a trend. The chosen methods for de-trending were the first
order difference (FOD, ¢,), autoregression with/without a constant (AR, e,; ARc,
e3), regression analysis (linear and quadratic time trend; e;) and Hodrick — Prescott
filter (HP filter, es, e¢). Table I describes the OLS estimates of some models. In the
case of deterministic model, the quadratic regression gives better results than the
linear regression, thus this type of regression is used in the next analysis. The
estimates of AR model without a constant as well as AR model with a constant
have significant parameters and good statistics. Hence, both cases were involved in
the analysis of the periods. The Hodrick — Prescott filter is calculated for two types
of smoothing parameter A. At first A = 1600 (es) on a regular basis value for the
quarterly data is taken. Secondly it is taken as a ratio of variances calculated from

values for the Czech Republic 4, = 07 /0, = L =115 (ey).

Fig. 1: GDP (natural logarithm values) for the Czech Republic 1996/Q1 — 2008/Q3

e S

Source: Own investigation

Before applying harmonic analysis, the residuals obtained by the application
of de-trending methods are tested for the zero mean stationarity (ADF1). Table II
shows the results. Figure 2 shows the residuals in correspondence to the used de-
trending method. The notation means the "name of detrending method,
corresponding residuals", for example "FOD, e;".

The basic assumption for the FOD procedure applications are that the trend
component of the analysed time series is a random walk with no drift and that the
cyclical component is stationary and both components are uncorrelated (Canova,
1998). Thus, g= Y.;, t=1,...,T-1, should be a random walk with no drift in the
Czech Republic case. This condition can be taken as satisfied even if we know that
a random walk with a drift gives statistically better results. But the stationarity test
(ADF1) for the cyclical component (Table II, denotation FOD, e;) showed a non-
stationarity (even in the case of stationarity around a constant). For this reason the
FOD cannot be taken as a de-trending method for the Czech Republic. From the
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economic point of view, the values of A4 Y, corresponds to the classical business
cycle concept more than the growth type of cycle. Even though the FOD does not
give stationary residuals, we do the periodicity test to see the results for the
classical business cycle.

Table I. Estimate of quadratic regression model, AR model with/without a constant for the

Czech Republic

Parameter

estimate SE t-value F-test  p-value R, djz n
Quadratic regression 4609,24 1,4'10"55 0,9946 51
const. 13,1757  0,0042  3127,1802 410"
t 20,0023  0,0004 -6,0495 2,1-107
£ 0,0002 7-10°¢ 29,3705 2,510
AR const 4280,1 11,7107  0,9988 50
const. -0,4527  0,0665 -6,8089 1,410®
Y, 1,0346  0,0050  206,8868 1,7:10™
AR 23:10° 410" 0,9796 50
Yiq 1,0006  6,6:10-5 15273,9762 310"

Statistical significance at the 1% (***), 5% (**), 10% (*)
Source: Own calculation

Table 2. ADF stationarity test results for residuals obtained using corresponding de-
trending method

FOD, e, quadratic,e, AR cons.,e; AR, e, HP1600,e; HPI115, €6

ADF1 No Yes, ¥** Yes, *¥** Yes,** Yes, ¥** Yes, ¥**
Lag 2 3 3 2 2

Statistical significance at the 1% (***), 5% (**), 10% (*) Ho: non-stationarity of e,, t-stat. >
quantil, (No) H;: stationarity of e,, t-stat. < quantil, (Yes)
Source: Own calculation

The unobserved component (UC) model (Canova, 1998) for de-trending in
the Czech Republic case is mentioned above as a random walk process with a drift
and with a stationary cyclical component of finite order AR process type. Table I
shows statistically significant values for the estimated model, Table II presents
stationarity results for the corresponding cyclical components (AR cons., e3). This
method is, therefore, suitable. However, comparing the FOD and AR residuals
shape and AR cons. residuals in Figure 2 we can see a similarity in the second half
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of the period of the curve shape with the FOD residuals at first sight. Thus, even if
the assumptions of UC method are satisfied, it was decided not to recommend this
method as de-trending for the Czech Republic case.

In following step, the application of harmonic analysis for the identification
of possible types of cycles on all given residuals is done. Notice that one value is
lost if we use de-trending by the AR and FOD. The results of calculated periodicity
and testing statistical significancy are given in Table III. Two lengths of sample
size and two corresponding periods for the used de-trending methods are caused by
losing one value in the case of FOD and AR models. This difference is quite small,
thus the periods in one column are considered as similar.

Fig. 2: Residuals obtained using the corresponding de-trending method
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Source: Own investigation

Table 3. Results of statistical significance of periods for the residuals obtained using the
corresponding de-trending method

periods 50 25 16,6667 12,5 10 8,33333 7,14286 6,375
FOD,el Hk

ARc,e3 ko Hkk ok ok Hk

AR’e4 sk skksk sk

periods 51 25,5 17 12,75 10,2 8,5 7,28571 6,375
HP1600,e5 Hkk Hkok ook Hok *ok Hokok ok ok
HP115,66 etk sekosk Hkeksk skskok skskosk sksksk
Quadrat.’ez skksk sk seksk

Statistical significance at the 1% (¥**), 5% (**), 10% (*)
Source: Own calculation
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As discussed above, the FOD technique and its residuals do not satisfy
assumptions for the application and taking it as a de-trending method does not give
a reasonable result. For economic reasons, these values correspond better to the
classical type of business cycle theory, thus, we can use the results for considering
the periodicity in the classical business cycle. If the analysis of Figure 2 is done,
we can see some similarity in the FOD and AR residuals trending. In addition, the
FOD residuals are not stationary, unlike the AR residuals. Thereby the periodicity
analysis of AR residuals will be taken as confirmative for the FOD residuals.

DISCUSSION OF RESULTS

We can distinguish several types of cycles (Burda, Wyplozs; 2001) known
as the Kitchin inventory cycles of 3-5 years, the Juglar fixed investment cycles of
middle length 7-11 years and the Kuznets infrastructural investment cycles of 15-
25 years. The longest type, the Kondratieff waves of long technological cycle of
45-60 years are not considered as the available sample size for the Czech Republic
is small.

The success of dating growth cycles crucially depends on the quality of the
approximation of trend component. In our case of the Hodrick-Prescott filter, a
random walk with a drift and quadratic de-trending helped to identify the growth
cycle, while the FOD and AR were used for the classical business cycle dating. All
residuals time series denoted 6.25 years as a significant period. This cycle duration
is of the Juglar type caused by fixed investment.

The periodicity of FOD residuals showed only 25 periods as significant, i.e.
6.25 years periodicity. More significant periods were found when we used the AR
residuals. In the other cases the residuals describe the growth business cycle.
Comparing all of them, the cycles of length 6.25, 4.25 and 3.19 years were
detected. Additional cycles, shorter ones, with the cycle duration of 2,125-1,6
years, were detected when the Hodrick-Prescott filter was used. For the special A,
derived for the Czech Republic, the Hodric-Prescott also identified the longest
period of 12,75 years. For the ARc residuals, the results show a similar statistical
significance period as the quadratic and Hodrick-Prescott filters. All these three
cyclical components agreed on three kinds of periodicity, namely 6.375, 4.25 and
3.18 years. The comparison of classical and growth business cycle concepts
validates the fact (Bonenkamp, 2001) that the classical cycle peaks come later in
time than the growth cycle peaks also for the Czech Republic case.

Hence, the basic types of cycle can be found in the Czech economy
evolution - the shortest Kitchin cycles caused by the inventories as well as the
middle one Juglar cycles caused by the fixed investment. On the basis of harmonic
analysis, the results completed by the economic research of cycle correlation
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analysis were done. For the classical BC as well as for the growth BC, the Kitchin
inventory and the Juglar fixed investment cycles were identified, and so were the
Kuznets infrastructural cycles. In the case of the growth BC the short type of cycle
was identified.

Table IV. Correlation coefficients between residuals and economic factors

— g %
< = L he] el
= = g8 E’ g = § E 8 -§
S 1S S 3 2 = » 2 =1
= = S 8 = 15 ] =] =]
a B o S & & > 3 <] e
g g ©° g © = S = S % 5
zZ g Z2e 228 = 3 = o o 2 8
£ £2% 852¢2 & 2 s N 5 5 £33
8% 3%£ 2% 5 SE 08 £5 E5 %3
o | E2 E2% 2% ¢ fE E  fr E: 33
Correlation E g S 58 ¥ 58 &h & S S s 9 g9 = g
Quadrat.,e2 0,1687  0,3039  -0,0973  0,4655 04077  0,1837 03444 0,463 0,0590
sk sekosk koksk kokosk koksk
ARc,e3 0,1278  0,2204  -0,0581  0,3645 02440 -0,2359  0,2643  0,2397  -0,1251
sk & *
HP1600,e5 0,1945  0,3313  -0,0875 03981 0,4713  0,2445  0,3210 0,4283  0,1913
ek seksk oKk % ek soksk
HP115,e6 0,2036  0,2987  -0,0233  0,4618 0,4372  0,2498  0,3351  0,5107  0,1072
sk sfeksk ks * L skeoksk

Statistical significance at the 1% (***), 5% (**), 10% (*)
Source: Own calculation

Hence, the economic factors possibly influencing cyclical fluctuation in the
Czech Republic based on the data availability were chosen — the final consumption
expenditure, final consumption expenditure of households, final consumption
expenditure of general government, gross capital formation, gross fixed capital
formation changes in inventories, exports of goods and services, imports of goods
and services, net exports of goods and services in the period 1996/Q1 - 2008/Q3 as
the percentage changed compared to the corresponding previous period. The aim of
the study is to measure the tightness relation, i. e. the correlation coefficients
between economic factors and de-trended time series (Table 1V). Thereafter the
source of cyclical movements in the Kitchin sense caused by the inventory was
statistically significant only on 10% level for one de-trending method. This
dependence is rather weak for the correlation coefficient result (r = 0,24). In the
Czech Republic, the cyclical movements of short type are influenced more by the
consumption of households; the correlation showed significant results for several
de-trending time series on 5% significance level. Further, the source of cyclical
movements in the Juglar sense was highly significant for the gross capital
formation (the correlation from 0.36 to 0.46) and the gross fixed capital formation
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(the correlation from 0.40 to 0.46) and it can be denoted as the middle one. The
question is which type of cyclical movements is influenced by the export and
import in the Czech Republic. The results of correlation showed a high statistical
significance for the middle level of correlation.

CONCLUSION

This paper has focused on the business cycle in the Czech Republic from the
frequency domain point of view using harmonic analysis for the identification of
possible types of cycles. Deterministic as well as stochastic methods were applied
for obtaining the cyclical fluctuation. According to the empirical results, two
approaches to business cycle are discussed, the classical and growth types.
Consequently, the analysis of potential sources of cyclical movement is done.

The chosen methods for de-trending were the first order difference,
autoregression with/without a constant, quadratic time trend and Hodrick — Prescott
filter. In the case of Hodrick — Prescott filter, two types of smoothing parametr
were used (A=1600 and A=115). The success of dating growth cycles crucially
depends on the quality of the approximation of trend component. In our case, the
Hodrick-Prescott filter, random walk with a drift and quadratic de-trending helped
to identify the growth cycle, while the first order difference and autoregression
process without a constant were used for the classical business cycle dating. Next,
harmonic analysis for the identification of possible types of cycles in all given
residuals (including the first order difference and random walk process residuals)
was done. All residuals time series denoted the period of 6.25 years as significant.
This cycle duration is of the Juglar type caused by the fixed investment.

As mentioned in the introduction, the Czech Republic post-transforming
economy disposes of a limited sample size of available data. Even if we study the
classical BC concept, this length gives one possible period with respect to the
shocks, structural breaks and development of the country. The growth business
cycle reacts to this feature better and is less sensitive to the trend. Thereafter, the
application of HP filter, random walk with a drift and quadratic regression detected
a wide scale of significant periods. From the longest one (12.5 years), through the
medium (around 6 years), to the short one (between 2-4 years). In both cycle
concepts, the same effects of nested loops took place.

Thus, the basic type of cycles in the Czech economy evolution were
identified, the shortest Kitchin cycle caused by the inventories as well as the
middle Juglar cycle caused by the fixed investment. In case of growth BC the short
type of cycle was also identified. Hence, the economic factors possibly influencing
the cyclical fluctuation in the Czech Republic based on data availability were
chosen and the correlation between the cyclical movements and economic factors
was investigated.
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Thereafter, the source of cyclical movements in Kitchin sense caused by
inventory was statistically significant only on 10% level for one de-trending
method and this dependence is rather weak. The cyclical movements of the short
type cycles are influenced more by the consumption of households; the correlation
in this case showed significant results for more de-trending time series. Further, the
source of cyclical movements in the Juglar sence was highly significant for the
gross capital formation and gross fixed capital formation and it can be denoted as
middle one.
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Analiza ruchow w zakresie aktywnosci gospodarczej w Czechach —
podejscie frekwencyjne

Streszczenie: Glownym celem pracy jest okre$lenie rodzajow cykli
koniunkturalnych wystgpujacych w Czechach. Majac na uwadze cechy
cyklow koniunkturalnych oraz czgstotliwos$¢ ich wystgpowania, w artykule
zastosowano analizg harmoniczna. Sposrdd technik de-trending wybrano filtr
»pierwszych roéznic”, filtrowanie liniowe, model nieobserwowanych
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komponentow oraz filtr Hodricka-Prescotta. Przy uzyciu tej ostatniej metody
zbadano oszacowanie zmiennos$ci cyklicznej z derywacja wygladzonego
parametru, ktore zostato zaprojektowane specjalnie dla Czech. Celem badan
jest wyodrgbnienie typow cyklicznych fluktuacji w Czechach. W pracy
przeprowadzono réwniez analiz¢ potencjalnych zrodet ruchow cyklicznych.

Stowa Kkluczowe: analiza harmoniczna, trendy deterministyczne, cykle
stochastyczne, aktywno$¢ ekonomiczna, cykle koniunkturalne JEL.
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Application of selected statistical methods to ICT used in Public Pro-
curement System in Poland
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Streszczenie: W niniejszej pracy podjgta zostanie proba wielowymiarowe;j
analizy rozwoju elektronicznych zamowien publicznych oraz jego determi-
nant w oparciu o dane pochodzace z wywiadow kwestionariuszowych, prze-
prowadzonych wéréd podmiotéw zamawiajacych, zobligowanych do stoso-
wania Pzp. Bedzie mie¢ miejsce testowanie wybranych metod statystycznych
dla potrzeb pomiaru, klasyfikacji i analizy determinant rozwoju elektronicz-
nych zamoéwien publicznych.

Stowa kluczowe: zamdwienia publiczne, regresja logistyczna

INTRODUCTION

Public procurement is a necessary element of economies functioning in
every part of the world. The public procurement market in the European Union is
estimated at 16% of GDP [EIM 2004] and the market’s value in Poland in 2008
stood at 109.5 billion zlotys, i.e. 8.6% of Polish GDP [Sprawozdanie ... , 2009],
which suggests that the Polish public procurement market has only started to grow.
In the next few years, it can be expected to expand faster, following a wider use of
public aid co-financed by the EU funds. Therefore, instruments need to be imple-
mented that could improve the effectiveness of public procurement systems and
give a more important role to the SMEs. A broader use of ICT tools in public pro-
curement, especially the computerization of its procedures, seems a good and rele-
vant way forward.

The paper performs a multivariate statistical analysis of e-procurement de-
velopment and of its determinants using data derived from surveys of the awarding
entities covered by the Public Procurement Law. Statistical methods were espe-
cially applied in order to measure, classify and model the development of ICT-
based public procurement.
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COMPUTERIZATION OF PUBLIC PROCUREMENT PROCESSES
IN EU - MAJOR TRENDS

Modernization of the public procurement market and its better availability
may become a key factor strengthening European Union’s competitiveness and
providing enterprises with new opportunities, especially the SMEs. Improved com-
petitiveness and efficiency of enterprises operating in the public procurement area
that stem, among other things, from the development of e-procurement are likely to
influence the whole economy and play an important role in achieving the goals of
the Lisbon Strategy. New ICT techniques applied to purchase goods and services
make competition stronger and public purchasing more efficient, especially in
terms of time and financial savings. It is estimated that e-procurement may help the
awarding entity and the economic operators to save as much as 5% of their ex-
penses and up to 50-80% of transaction costs [Ramboll M. 2004]. Previous years’
experiences show that an awarding entity using e-procurement procedures may
save even 10-20% compared with one applying the traditional methods. It is so,
because entrepreneurs operating IT procedures can offer better prices, while in a
traditional system their offers are final [Wikariak 2009].

In 2006, 71% of the Member States already had functional ICT-based public
procurement systems, while the remaining 29% were in the process of developing
them. Poland belonged to the second group. Among the European forerunners of e-
procurement systems there are Italy and UK. However, the implementation of e-
procurement instruments does not necessarily mean that they are used more widely.
A case in point is the electronic mode of tendering (Prince, Zeiden 2004]. Studies
conducted by GHK and Technopolis have revealed that e-procurement is not com-
mon in Europe: 58% of the surveyed companies have never submitted fully elec-
tronic tenders and 43% have not done that even partly. The proportion of compa-
nies submitting fully electronic tenders ‘at least sometimes’ is only 24%. However,
there are large variations between particular Member States. The leaders in the area
are the UK and Lithuania, where 62% and 69% of companies, respectively, claim
to submit electronic tenders at least sometimes. Finland, Denmark and Sweden also
score well. The lowest percentages of such enterprises have been found in France,
Malta, Hungary and Poland (3%). Similar findings have been provided by the stud-
ies discussed in the next sections of the paper [GHK&Technopolis 2007].
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COMPUTERIZATION OF PUBLIC PROCUREMENT PROCESSES
IN POLAND - APPLICATION OF SELECTED STATISTICAL
METHODS

THE METHODOLOGY FOR QUANTIFYING IT DEVELOPMENT IN PUBLIC PROCURE-
MENT

It is difficult to evaluate the development of e-procurement because of insuf-
ficient informational resources. The statistics provided by the Public Procurement
Office (PPO) only include information on the number of tenders involving elec-
tronic bidding and the Dynamic Purchasing System (DPS). In 2006, electronic
bidding accounted for only 0.3% of all awarded contracts, with the rate falling to
0.05% in 2007 and 2008 and then rising to 0.11% in first quarter 2009. The Dy-
namic Purchasing System is not very popular either — in 2007 DPS was not used at
all, in 2008 there were 10 DPS-based tenders, but in the first quarter of 2009, only
one announcement of this type was made. Data on other e-procurement instruments
are not available [BI UZP 2008, 2009]. This kind of information can be usually
acquired in the course of field research. Unfortunately, most of the data provided
during interviews and surveys (e.g. electronic) are confidential, which prevents the
use of more advanced analytical methods. This fact inspired us to try to construct a
synthetic indicator of the development level of public e-procurement (based on
discrete variables).

The selection of diagnostic variables is one of the most important and also
most difficult issues in constructing synthetic variables. Variables are generally
selected using two approaches: one considering variable relevance and one statisti-
cal. An overview of the Polish solutions and studies requested by the European
Commission suggests that the diagnostic variables should be enhanced with factors
given in Table 1. The list is certainly not exhaustive, but it indicates e-procurement
instruments and procedures that are currently used in Poland.

Each of the variables is binary (1 meaning that the respondent is knowledge-
able of public e-procurement procedures). The obtained synthetic indicator repre-
senting a sum of all diagnostic variables and thus measuring the level of comput-
erization of a public procurement system (synt) took values between 0 and 19
points. The higher the indicator’s value, the more advanced e-procedures of a pub-
lic procurement system.

The constructed indicator will be used to break down the awarding entities
into two groups:

Gr. 1 — organizations with an insufficient level of e-procurement develop-
ment (the indicator’s values are up to 9 points),

Gr. 2 — organizations with a sufficient level of e-procurement development
(the indicator’s values range from 10 to 19 points).
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An alternative to the above approach is classifying the awarding entities us-
ing cluster analysis. Our study will test both the procedures.

Table 1. List of potential diagnostic variables (questionnaire questions)

Symbol | Variable (question)
X Did you know that the Public Procurement Office (PPO) had the web portal
! www.portaluzp.gov.pl?
X, Did you know that the PPO had the website — www.uzp.gov.pl?
X3 Are you aware of the availability of the Internet bulletin TED?
X4 Do you use the web portal www.portaluzp.gov.pl?
X5 Do you use the website at www.uzp.gov.pl?
Xe Does your organization use software that supports the awarding of contracts?
X7 Does your organization have a buyer profile?
X Does your organization use electronic means of transferring statements, requests,
8 notifications and information related to contract awarding?
X Do you think that the PPL obligates the awarding entity to specify the essential
’ terms of contract on the website for bidding other than unlimited bidding?
Does your organization publish such specifications on the website for bidding
X0 SAnization b
other than unlimited bidding?
X Do you think the PPL allows submitting tenders electronically, if approved by
1 the awarding entity?
Do such tenders need to have a secure electronic signature that is verifiable using
X1 a valid qualified certificate?
X Does your organization accept electronic tenders bearing a secure electronic
1 signature that is verifiable using a valid qualified certificate to award contracts?
X4 Do you know the electronic bidding scenario laid out in PPL regulations?
Xis Has your organization ever us.ed electronic bidding that the previous PPL regula-
tions called an electronic auction?
Xie Do you know the electronic auction scenario defined by the current PPL regula-
tions?
X7 Has your organization ever participated in an electronic auction?
X Do you know the dynamic purchasing system scenario (DPS) provided in the
'8 PPL regulations?
X9 Has your organization ever used the dynamic purchasing system scenario?

Source: own study.

MULTIVARIATE STATISTICAL METHODS IN THE EVALUATION OF E-PROCUREMENT
DEVELOPMENT

The development of e-procurement in Poland has been analyzed using
mainly the multivariate methods. The multivariate analysis allows dealing with
many variables at the same time. Among the methods used by the analysis, the
most useful seem to be cluster analysis (to classify the tenderers) and logistic re-
gression (to model the development of e-procurement).
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In the logistic regression models, the dependent variable is dichotomous and
its value is 1 when the probability of success is &, or 0 when the probability of fail-
ure is 1-6. A logistic regression model examines the relationship between one or
more independent variable (called risk factors) and the log odds of binary outcome
variable. This relation is described by the formula:

1

PY =1)= (1
l1+exp(—(B, + B, -x, +...+ B, -x,))

where x;, x,, ..., x; are independent variables (continuous or categorical). Odds ra-
tios are commonly employed to measure the strength of the partial relationship
between one predictor and the dependent variable (in the context of the other pre-
dictor variables). A model is constructed based on an iterative maximum likelihood
procedure [Wuensche 2007].

Cluster analysis is an exploratory data analysis tool that aims at sorting dif-
ferent objects into groups in a way that the degree of association between two ob-
jects is maximal if they belong to the same group and minimal otherwise [Larose
2006, p.151]. A typical approach to cluster analysis first compiles a table of rela-
tive similarities or differences between all objects and then uses this information to
put objects into groups. The table of relative similarities is called a proximities
matrix. The method of combining objects into groups is called a clustering algo-
rithm. The aim is to combine similar objects into separate groups. After identifying
the inter-object distances, the next procedure of cluster analysis divides the objects
into groups according to the distances (one possibility being the squared Euclidian
distance). This is sum across variables (where i = 1, ..., v) of the squared difference
between the score on variable i for the one case (X;) and the score on variable i for
the other case (Y;). Following that, all the distances between the entities (cases and
clusters) are recomputed and then two entities separated by the smallest distance
are grouped together. When one of the entities is a cluster, or both, the averaged
squared Euclidian distance between the members of both entities is computed. This
procedure continues until all cases are formed into one giant cluster. It is for the
researcher to decide when the procedure should stop and to accept a solution hav-
ing k clusters (where k=1, ..., N) [Walesiak, Gatnar 2009, pp. 407-420].

EMPIRICAL RESULTS

Between January and May 2008, an empirical survey requested by the Public
Procurement Office (PPO) was conducted. It aimed at evaluating the status quo and
the prospects for public procurement computerization in Poland (the survey’s re-
sults are presented in detail in [Borowicz 2008]). The survey was designed to in-
vestigate the use of broadly understood ICT tools in public procurement. This pa-
per presents the results of interviews conducted with a representative, random sam-
ple of 701 awarding entities. Because the questionnaire used in the survey catered
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for PPO’s informational needs, this fact largely narrowed the range of statistical
methods that could be applied to analyze respondents’ answers. Therefore, most
variables represent nominal-scale measures. Moreover, the paper presents the re-
sults of multi-dimensional analysis of e-procurement development. Methods ena-
bling the synthetic evaluation of e-procurement development (by constructing a
synthetic indicator to evaluate the level of computerization in the surveyed entities)
as well as classification of entities by the level of sophistication of their e-
procurement systems (using the constructed indicator and cluster analysis) will be
thoroughly tested. Besides, an attempt is being made to identify the determinants of
e-procurement system development in the awarding entities (using logistic regres-
sion).

Because of the practical purpose of the conducted survey (it aimed at identi-
fying the causes of the very weak interest in electronic procedures as well as ac-
tions that could curb unfavourable trends), most of its questions requested respon-
dents’ opinions on electronic PP procedures, so using them to construct the indica-
tor was pointless. Unfortunately, the limited number of potential variables in the
survey and the nominal level of their measurement prevented us from using most
formal methods of variable selection. Consequently, the variables were selected
using the substantial approach and the indicator of ICT development in public pro-
curement was constructed using all potential diagnostic variables (Table 1). All
calculations were run based on the SPSS 14.0 software.

The empirical investigation showed that the surveyed organizations had rela-
tively good knowledge of the electronic instruments used in public procurement —
especially of the PPO’s web portal and website that the awarding entities use will-
ingly. However, the possibility of submitting tenders electronically apart, the prac-
tical use of other instruments is insufficient and even insignificant in the case of
electronic bidding, electronic auctioning and Dynamic Purchasing System (despite
their being known well). Consequently, the overall evaluation of ICT level in pub-
lic procurement is not very high.

The level of ICT used by the awarding entities seems to be mediocre as
measured by the synthetic indicator (both X and Me are close to 9 against the
maximum score being 19) — the index values for the sample range from 3 to 15
points. It is noteworthy that the distribution of the constructed variable is ‘stabi-
lized” (low skewness and kurtosis of distribution), which is confirmed by the
analysis of normality plot and box-plot. This justifies the application of the para-
metric methods of analysis. The constructed indicator’s reliability is relatively high
(0=0.560), but the performed factor analysis indicates that mid-scales can be dis-
tinguished. Because of the limited number of factors, the next part of the analysis
uses an indicator that has been constructed in line with the presented procedure. An
additional argument in favour of this approach is high compatibility of awarding
entities’ classifications based on the synthetic variable and on the cluster analysis
(Table 2).
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Both the methods (using the same list of diagnostic variables/items) pro-
duced similar classifications of awarding entities as far as the computerization of
public procurement is concerned. The value of Kappa Cohen’s consistency ratio
confirms the both the classifications are very much alike (k=0.744 with p close to
0).

Table 2. The similarity of classification of the awarding entities performed using the syn-
thetic indicator and cluster analysis with respect to the development of e-

procurement
clusters
unsufficient sufficient Total

svnt gr unsufficient develop- Number 205 24 229
ment % 88.7 14.2 57.3
sufficient development | Number 26 145 171

% 11.3 85.8 42.8

Total Number 231 169 400
% 100.0 100.0 | 100.0

Source: own calculations.

The development of electronic procedures within public procurement is
driven by many factors — administrative, legislative, economic and psychological.
The scope of the questionnaire surveys prevents a correspondingly broad analysis.
The main barriers as indicated by the respondents are too complicated regulations
laid out in the PPL and the related laws, as well as professional and practical train-
ing in this field falling short of the actual needs [Wiktorowicz, Roszko-Grzegorek
2009]. The presented analysis aims to identify factors that have an effect on the
development of e-procedures in public procurement. The development of ICT tools
in public procurement will be evaluated by means of logistic regression analysis —
separately for two dependent variables: synt gr (formed by dividing synt variable
variants into two classes, ie. Gr. 1 and Gr. 2) and a cluster (resulting from the clas-
sification provided by cluster analysis). The multi-dimensional analysis of relations
was carried out by distributing the factors among three groups, i.e.:

(1) factors related to the awarding entity’s location (Table 4): REG — region by
GDP (economic development — ED), SIZE — the size of the urban area;

(2) major characteristics of the awarding entity (Table 5): N — the number of con-
tracts awarded in 2007 (between the thresholds requiring mandatory PPL applica-
tion in Poland and in the EU), L — the number of employees working in the public
procurement department, 7YPE — the type of the awarding entity;

(3) respondents’ characteristics (Table 6): /T — IT skills, EXP - professional experi-
ence in public procurement, EDU — level of education.

We expected e-procurement to be the best developed in awarding entities
that initiate large-scale public procurement procedures more often, based in regions
at a higher level of economic development (such as Mazowieckie or Slaskie), espe-
cially in large urban areas. A more common use of ICT in public procurement
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could be facilitated by high skills of employees. The results of the applied model-
ling procedure proved that our expectations were right (see Tables 3-6).

Table 3. Estimation results of the logistic regression equation parameters (eq. la i 1b)

Dependent variable

Independent variables synt_gr (la) clusters (1b)
B Wald p Exp(B) B Wald p Exp(B)

REG 4.719 | 0.094 1.129 | 0.569
high ED 0.584 | 4.259 ] 0.039 | 1.793 ] 0.269 | 0.916 | 0.339 | 1.309
medium ED 0.233 | 0.701 | 0.403 1.263 | 0.071 | 0.066 | 0.797 | 1.074

SIZE 7.367 | 0.025 6.428 | 0.040
country -| 5284 1]0.022 | 0.368 |-1.067 | 6.379 | 0.012 | 0.344
small-or medium- -1 0.008 | 0.928 | 0.974 |-0.384 | 1.681 | 0.195 | 0.681
Constant -1 2248 1 0.134 | 0.580 |-0.048 | 0.018 | 0.894 | 0.953

* Reference group: for RG — region with low economic development, for SIZE — large urban areas
Source: own calculations.

The estimates of models 1a) and 1b) provided in Table 3 show that the size o
the urban area where the awarding entity is located significantly influences the
evaluation of ICT used by the entity in the public procurement area. In organiza-
tions located outside large urban areas the use of ICT is much more limited
(p=0.022 for model 1a) and p=0.012 for model 1b)), with deflection reaching as
much as 65%. The level of economic development in the awarding entity’s district
does not exert a statistically significant influence, but a comparison of models 1a)
and 1b) reveals significant deflections between organizations based in the well-
developed regions and in the less successful ones (p=0.039). Notwithstanding, both
models show, as expected, that in the richer regions the odds of organization’s
achieving a higher level of computerization are larger (about 30-80% depending on
the model) compared with the reference group.

Table 4. Estimation results of the logistic regression equation parameters (eq. 2a and 2b)

Independent varia- Dependent
bles synt_gr (2a) clusters (2b)
B Wald p Exp(B) B Wald p Exp(B)
N 0.026 | 12.766 | 0.000 | 1.026 | 0.018 7.610 | 0.006 | 1.018
L 4.102 | 0.251 0.550 | 0.908
1 person -20.624 | 0.000 | 0.999 | 0.000 [-20.700 | 0.000 | 0.999 | 0.000

2 —5persons |-20.185 | 0.000 | 0.999 | 0.000 {-20.653 0.000 | 0.999 | 0.000
6 — 10 persons  [-20.077 | 0.000 | 0.999 | 0.000 (-20.238 0.000 | 0.999 | 0.000

TYPE 7.292 | 0.063 10.970 | 0.012

72072 0468 | 0.875|0.350 | 1.597 | 0.311 0.419 | 0.518 1.364
government 0.541 | 1.128 | 0.288 1.718 | 0.904 | 2984 |0.084 | 2.471
others -0.373 | 1.831]0.176 | 0.688 | -0.443 2.680 | 0.102 | 0.642
Constant 19.975 | 0.000 | 0.999 | 0,004 | 20.336 | 0.000 | 0.999 | 0,007

* Reference group: for L — over 10 persons, for TYPE — local administration
Source: own calculations.
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As shown by data presented in Table 4, organization’s involvement in public
procurement activities as measured by the number of tenders is important. Organi-
zation’s chances of developing e-procurement tools are determined quite strongly
by its type, but local administration is not statistically significantly different from
the reference group (particularly high and positive differences are noted for the
central government administration). Compared with other factors, such as the
aforementioned number of tenders and the type of organization, the rate of em-
ployment proved to be insignificant (p is close to 1).

Interesting conclusions can be drawn from the analysis of results presented
in Table 5. A comparison of the previous equations shows that ICT development in
the organizations is mainly decided by the human factor and not by solutions pro-
vided within the PPL. Organizations with experienced and well-educated staff are
more likely to develop IT solutions in the public procurement area.

Table 5. Estimation results of the logistic regression equation parameters (eq. 3a i 3b)

Variables Dependent
synt_gr (3a) clusters (3b)
Indendent B Wald p Exp(B) B Wald p Exp(B)
T 6.195 | 0.103 3.979 | 0.264
low -0.955 | 4.108 | 0.043 | 0.142 [-1.039 | 1.346 | 0.246 | 0.354
medium -0.500 | 0.667 | 0.414 | 0.607 [-0.308 | 0.242 | 0.623 | 0.735
high -0.206 | 0.109 | 0.741 | 0.814 | 0.045 | 0.005 [ 0.943 | 1.046
EXP 12.804 | 0.005 16.911 | 0.001
below 1 year -0.259 | 7.212 | 0.007 | 0.284 |-1.548 | 9.300 | 0.002 | 0.213
1 -2 years -0.818 | 3.689 | 0.055 | 0.441 [-0.437 | 1.163 | 0.281 | 0.646
2 - 5 years -0.579 | 5.887 | 0.015 | 0.560 [-0.801 | 10.592 | 0.001 | 0.449
EDU 5.795 | 0.215 10.661 | 0.031
secondary or lower -0.128 5.368 | 0.021 0.324 (-1.338 | 7.055| 0.008 | 0.262
incomplete tertiary -0.028 | 3.429 | 0.064 | 0.358 [-1.087 | 3.657 | 0.056 | 0.337
undergraduate -0.678 | 1.55510.212 | 0.508 [-0.400 | 0.505 | 0.477 | 0.670
graduate -0.856 | 3.737 | 0.053 | 0.425|-1.145| 6.225|0.013 | 0.318
Constant 1.261 2.998 1 0.083 | 3.530 | 1.300 | 3.026 | 0.082 | 3.669

* Reference group: for /7 — very high, for EXP — over 5 years; for EDU - doctorate/ PP postgraduate
Source: own calculations.

The analysis is completed with equations that were built using all variables
from the list of potential factors (Table 6). The estimates were similar for both
response variables: unlike the other factors, the type of awarding entities, the num-
ber of the awarded contracts and employees experience in PP activity proved sig-
nificant. The only difference between versions (a) and (b) is the location of the
awarding entity — both regions (4a model) and the size of the urban area (4b model)
turned out to be important. Therefore, the characteristics are analogous to those
presented in models 1-3.
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Table 6. Estimation results of the logistic regression equation parameters (eq. 4a and 4b)

Dependent: synt gr (4a) Dependent: clusters (4b)

Model 4a B Wald p Exp(B | Model 4b B Wald p Exp(B)
REG 7.792 | 0.020 | 2.233 | SIZE 8.038 | 0.018

high ED 0.803 7.261 | 0.007 1.454 | country 1.289 7.579 | 0.006 0.275
medium ED 1 200 | 1508 | 0216 | 1.020 | S™aand g coa 14775 | 0.020 | 0.500

medium-

N 0.028 | 15.749 | 0.000 1.809 | N 0.01 8.031 | 0.005 1.018
TYPE 8.199 | 0.042 TYPE 13.142 | 0.004

70Z 0.593 1.350 | 0.245 1.610 | ZOZ 0.22 0.208 | 0.648 1.256
government | 476 0827 | 0.363 | 0.660 | EOvernment | 0571y 60| 6302 | 1771
administra- administra- 1

others -0.415 2.189 | 0.139 others 0.700 5.770 | 0.016 0.496
EXP 8.536 | 0.036 EXP 13.209 | 0.004

below 1 year | -0.957 4.241 | 0.039 | 0.384 | below 1 1.219 5.945 | 0.015 0.296
1 —2 years -0.548 1.522 | 0.217 | 0.578 | 1 —2years [0.122 0.083 | 0.773 0.885
2 - 5 years -0.573 5223 | 0.022 | 0.564 | 2-5years [0.770 9.070 | 0.003 0.463
Constant -0.639 3.433 | 0.064 | 0.528 | Constant 0.86 3.927 | 0.048 2.375

* See symbols in Tables 4-7
Source: own calculations.

CONCLUSION AND FUTURE RESEARCHES

The procedures of multi-dimensional statistical analysis are only partly use-
ful in examining the survey’s results, because of the nominal level of measurement
of the investigated phenomena. The measurement methodology proposed in this
paper allows comprehensive evaluation of computerization processes in public
procurement. The use of logistic regression made it possible to identify certain
factors determining progress in the area of e-procurement. Compared with other
factors, the type of the awarding entity and its location, as well as the number of
awarded contracts and employees’ experience in PP turned out significant. Award-
ing entities based in cities have the best-developed e-procurement facilities, espe-
cially local government units and Public Healthcare Establishments. Their in-
volvement in public procurement activity as measured by the number of awarded
contracts and the number of PP-dedicated personnel is relatively high. They can
develop ICT solutions more intensively because their staff is supported by skilled
IT specialists, employees dealing with public procurement are trained to upgrade
their ICT skills and large-scale informational campaigns on e-procedures are more
readily available.

The development of e-procurement may be a factor boosting innovativeness
— in both enterprises competing for contracts and in the awarding entities. Our fu-
ture research will investigate how public procurement influences innovation activi-
ties in enterprises, especially in the SMEs. We will continue our efforts to test the
development of e-procurement using statistical methods.
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Streszczenie: Problem ewaluacji dziatan jest problemem brakujacych da-
nych. Zatem waznym zagadnieniem jest konstrukcja adekwatnej kontrfak-
tycznej grupy poréwnawczej. W artykule zaproponowane modyfikacjg pro-
cedury pozwalajacej uznac¢ obserwacj¢ za dobrze dobrany stan kontrfaktycz-
ny. Proponowana zmiana polega na wprowadzeniu nowego mechanizmu
sprawdzania czy jednostka z grupy kontrolnej jest bliskim odpowiednikiem
jednostki z grupy porownawczej. W ostatniej czgsci artykutu zaprezentowano
wyniki symulacji badajacej wlasciwosci statystyczne proponowanego roz-
wiazania. Uzyskane wyniki wskazuja, ze metoda pozwala osiagnac lepsze re-
zultaty niz dotychczas wykorzystywane techniki

Stowa kluczowe: taczenie danych, matching, propensity score, caliper, ewa-
luacja.

WSTEP

W literaturze dotyczacej oceny rdznego typu dziatan o charakterze zorgani-
zowanych programoéw w ostatnich latach jako narzedzie badawcze wykorzystywa-
ne sa metody quasi-eksperymentalne. Polegaja one na odtworzeniu na podstawie
danych nie eksperymentalnych warunkow eksperymentu.

Badacz obserwuje efekt dziatania programu i dokonuje oceny jego skutecz-
nosci na podstawie oceny pewnych wielkosci. W danej chwili rozpatrywana jed-
nostka moze znajdowac¢ si¢ w jednym z dwoch alternatywnych standéw, ale nie
moze by¢ w obu jednoczes$nie. Moze by¢ uczestnikiem programu, badz w nim nie
uczestniczy¢. Gdyby dane pochodzily z eksperymentu wystarczytoby porownaé
wynik jednostek z grupy eksperymentalnej i grupy kontrolnej. Zatem problem oce-
ny programow jest problemem brakujacych danych [Heckman i in. 1997].

! Badanie finansowane ze $rodkow na nauke w latach 2008-2009.
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Ocena wptywu dziatania na obserwowany rezultat zawiera spekulacje w jaki
sposob jednostka by funkcjonowala, gdyby nie zostata poddana oddziatywaniu
[Caliendo, Kopeinig 2008]. W literaturze statystycznej i ekonometrycznej opisa-
nych jest szereg metod pozwalajacych na utworzenie grupy pordwnawczej. Wyste-
puja one pod nazwa metod taczenia. Najpopularniejsza jest metoda wykorzystujaca
warto$ci wektora propensity score. Wykorzystywane sa rézne warianty tej metody
roéznigce si¢ sposobami taczenia obserwacji w pary, warunkami uznania stopnia
podobienstwa obserwacji za wystarczajacy, oraz sposobami obliczenia efektu od-
dziatywania. Kazda z implementacji z jednej strony umozliwia wyznaczenie kon-
trfaktycznego zachowania jednostki, z drugiej, pomimo tego, ze metody s3 asymp-
totycznie rownowazne [Hirano i in. 2003], prowadzi do uzyskania innego wyniku.

W dalszej czgsci artykutu zostana w skrocie omowione wady i zalety do-
tychczas wykorzystywanych podejs¢ do konstrukeji grupy porownawczej i wyzna-
czania na jej podstawie stanu kontrfaktycznego. Gtownym celem artykutu jest udo-
skonalenie jednej z metod stosowanych do taczenia danych. Proponowana zmiana
polega na wykorzystaniu zmodyfikowanego mechanizmu sprawdzania czy jed-
nostka z grupy kontrolnej jest bliskim odpowiednikiem jednostki z grupy poddane;j
oddziatywaniu. Nastgpnie za pomoca symulacji porownamy dotychczas stosowane
w badaniach metody z zaproponowana modyfikacja. Celem dodatkowym jest zba-
danie wilasciwos$ci statystycznych, szczegolnie maloprobkowych, réznych metod
laczenia danych oraz identyfikacja zrodet wariancji.

METODY LACZENIA DANYCH

Przeprowadzajac analize ekonomiczna dziatania pewnej polityki jako jego
efekt obserwowana jest dla kazdej jednostki i wartos¢ zmiennej wynikowej. Wyno-
si ona Y;; jezeli jednostka jest poddana dziataniu, lub Yy; jezeli polityka na nia nie
oddzialuje. Jezeli mozna by bylo jednoczesnie obserwowac obie wartosci dla kaz-
dej poddanej badaniu jednostki problem zwiazany z ocena programu zniknatby.

W wielu pracach empirycznych dokonuje si¢ oceny efektow polityki opisu-
jac ja jako program. Celem jest pomiar przecigtnego efektu zastosowania progra-
mu. Niech zmienna P opisuje stan uczestnictwa w programie i przyjmuje warto$¢
P=1, gdy jednostka i jest uczestnikiem programu (nalezy do grupy eksperymental-
nej), a P,=0 oznacza, ze znajduje si¢ poza programem. Wowczas przecigtny efekt
dzialania programu (ang. average treatment effect) mozna zapisac jako:

1 N
Y :_|:Z(1)1'Yli+(l_])i)Y0i)j| ()

NS

Efekt programu obliczony w sposob opisany przez wzor (1) jest efektem dla
przecigtnej jednostki pochodzacej z badanej proby, bez uwzglednienia czy jest ona
poddana oddziatywaniu czy nie. W praktyce jako wielkos¢ efektu przyjmuje si¢
roznicg w srednim wyniku dla grupy eksperymentalnej i wszystkich jednostek nie-
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uczestniczacych w eksperymencie. Moze to spowodowa¢ niedoktadno$¢, poniewaz
jednostki z grupy eksperymentalnej moga w sposob systematyczny odrozniac sig
od pozostalych, co przy pomiarze nie jest uwzglednione.

W praktyce badawczej dazy si¢ do obliczenia innej miary, niosaca wigcej in-
formacji o skutecznos$ci dzialania. Jest nig przecigtny efekt oddziatywania progra-
mu na jednostki poddane oddzialywaniu (ang. average treatment on treated). Jest
to efekt ograniczony do grupy, na ktora oddziatywano.

Yr =E(Y, =Y, | P =1)=E(Y, | P, =1)-E(Y, | P, =1) @)

Pokazuje on ilosciowy efekt oddziatywania programu wobec jednostek w
nim uczestniczacych. Jest on rowny przecigtnej zmianie warto$ci zmiennej wyni-
kowej wskutek wystapienia oddzialywania. Informuje ona jaki jest zysk badz strata
z faktu uczestniczenia w programie dla jego beneficjentow. Nalezy zaznaczy¢, ze
wielko$¢ E(Y;|P=1) jest oczekiwana wartosciag zmiennej wynikowej dla benefi-
cjentdw programu i jest warto$cia obserwowana, natomiast E(Y;|P=1) jest wielko-
scia dla nieobserwowanego stanu kontrfaktycznego.

Laczenie obserwacji polega na obliczeniu miary podobienstwa, a nastgpnie
okresleniu wedtug wybranego algorytmu, ktora obserwacja z grupy kontrolnej jest
najbardziej zblizona do obserwacji z grupy eksperymentalnej. Celem laczenia ob-
serwacji jest skonstruowanie poprawnej grupy porownawczej zastepujacej brakuja-
ce dane, bez koniecznosci przyjmowania dodatkowych zalozen a-priori [Blundell i
Costa Dias 2000]. Jego zadaniem jest odtworzenie warunkow eksperymentu po-
przez taki wybor jednostek do grupy kontrolnej, by byla jak najbardziej zblizona
pod wzgledem obserwowanych charakterystyk do grupy poddanej oddziatywaniu.
Metody taczenia koncentruja si¢ na sposobach konstrukcji grupy referencyjnej
wykorzystujac techniki nieparametryczne w celu transformacji rzeczywistych da-
nych zebranych podczas badania przekrojowego w zbiér danych quasi-
eksperymentalnych. Dzigki wykorzystaniu metod nieparametrycznych maksymalne
i efektywne wykorzystywane sa dostgpne informacje zawarte w danych empirycz-
nych. Poprawna konstrukcja sztucznej grupy odniesienia zapewnia zredukowanie
obciazenia 1 zwigkszenie precyzji uzyskanych wynikow [Rubin 1973]. Podobnie
jak szereg innych elementow teorii ekonometrii, jej korzenie i pierwsze zastosowa-
nia tkwig w biologii i naukach medycznych.

Wsrdod metod taczenia danych mozna wyrdzni¢ dwa podejscia. Historycznie
pierwsza metoda bylo taczenie wedlug wartosci wspolzmiennych (ang. covariates
matching). Wspolzmiennymi nazywa si¢ zmienne uzywane w procedurze taczenia.
Ich nazwa wywodzi si¢ stad, ze rézne ich warto$ci determinuja zarowno jeden ze
stanow oddziatywania programu, jak rowniez warto$¢ zmiennej mierzacej efekt
ilosciowy programu. Zatem ich warto$¢ zmienia si¢ wspolnie z warto$cia zmiennej
okreslajacej stan oddzialywania.

Laczenie wedlug wartosci wspolzmiennych polega na taczeniu w pary ob-
serwacji o identycznych lub zblizonych wartosciach wspotzmiennych. Jezeli war-
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tosci zmiennych zostana przedstawione jako punkty przestrzeni wielowymiarowe;j,
to statystyczna metoda taczenia polega na podziale tej przestrzeni na klatki wedtug
wartos$ci wspotzmiennych. Nastepnie taczone sa nie obserwacje a utworzone klatki
w pary. Niestety, jezeli wéréd wspotzmiennych wystepuja zmienne ciagte albo jest
duza liczba wspotzmiennych to metoda okazuje si¢ niepraktyczna w zastosowaniu,
gdyz duza liczba klatek pozostaje pusta, lub klatki sa zbyt duze. Zmniejsza to efek-
tywnos¢ taczenia i zwigksza wariancje estymatora wielkosci oddziatywania.

Problem znalezienia elementu poréwnawczego w bliskim sasiedztwie jest
problemem wielowymiarowym. Metoda pozwalajaca na uniknigcie koniecznosci
porownywania wszystkich cech badanych jednostek jest uzycie zamiast cech pew-
nej miary podobienstwa obserwacji. Najpopularniejsza i najszerzej stosowana jest
wektor propensity score [Rosenbaum i Rubin 1983]. Propensity score jest warto-
$cia pochodnej funkcji prawdopodobienstwa doboru obserwacji do programu obli-
czona wzgledem wektora cech jednostki. Wartos¢ wektora dla jednostki jest row-
nowazna a-priori prawdopodobienstwu zdarzenia, ze jednostka nalezy do grupy
eksperymentalnej poddanej dziataniu [Coniffe i in. 2000].

Metoda taczenia danych oparta jest na dwoch zalozeniach [Rosenbaum i
Rubin 1983]. Pierwsze z nich jest nazywane warunkowa niezalezno$cia (ang. Con-
ditional Independence Assumption). Zaklada si¢, ze badacz dysponuje zbiorem
czynnikoéw warunkujacych W, nazywanych wspolzmiennymi, takich, ze w kazdej
warstwie” zdefiniowanej przez podzbiér w€ W rozktad obserwowanych cech jed-
nostek jest taki sam w grupie na ktéra oddziatywano i w grupie kontrolne;.

,.Y)LP|W 4)

Oznacza to, ze realizacje zmiennej wynikowej sa warunkowo wzgledem za-
stosowanych w procedurze laczenia wspolzmiennych W niezalezne od statusu
uczestnictwa w programie. Znajomos¢ stanu uczestnictwa w programie warunko-
wo wzgledem cech w nie powinna determinowac¢ wartosci zmiennej wynikowe;.
Drugim zalozeniem jest, ze wszystkie jednostki poddane dziataniu programu po-
siadaja swoj odpowiednik znajdujacy si¢ poza programem.

O0<Pr(P =1|W)<1 (5)

Oznacza to, ze dla kazdej warto$ci ze zbioru zmiennych warunkujacych W, i
dla kazdego uczestnika programu, istnieje z niezerowym prawdopodobienstwem co
najmniej jedna jednostka znajdujaca si¢ poza programem o identycznych cechach.
Ponadto, cechy jednostek nie determinuja w sposéb jednoznaczny czy jednostka
nalezy do grupy eksperymentalnej czy do grupy kontrolne;.

Z zalozen (4) i (5) wynika, ze gdy znana jest warto$ci wektora zmiennych
warunkujacych w, to oczekiwana warto$¢ zmiennej wynikowej jest warunkowo
niezalezna od statusu uczestnictwa w programie. Zatem obliczajac réznicg w Sred-

? Warstwa jest odpowiednikiem klatki.
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nich warto$ciach pomigdzy grupami mozna uzyska¢ oszacowanie przeci¢tnego
efektu oddziatywania na jednostki poddane oddziatywaniu.

Jezeli przydzielenie do grupy eksperymentalnej lub grupy kontrolnej jest
warunkowo niezalezne od obserwowanych cech jednostki, czyli spetnione jest
zatozenie (4), to obciazenie powodowane przez poréwnanie rezultatu w dwoch
grupach wynikajace z réoznych warto$ci wspotzmiennych moze zosta¢ wyelimino-
wane poprzez ich dopasowanie [Hirano i in. 2003]. Rosenbaum i Rubin [1983]
pokazali, ze zamiast cech W mozna zastosowaé wektor propensity score PS(w).

PS(w)=Pr(P =1|w) ©)

Uzycie wektorow redukuje problem wielowymiarowy do jednowymiarowe-
go. Zatem analogicznie do (4) zachodzi

(Y,.Y,)) LP|PS(w) (7)

W takim przypadku uzyskana warto$¢ oszacowania bgdzie nadal nieobcig-
zonym estymatorem efektu, jednak w ten sposob uzyskany estymator nie musi by¢
efektywny [Heckman i in. 1997]. Nieefektywnos¢ metody propensity score poja-
wia si¢ w przypadku ewaluacji danych pochodzacych z eksperymentu [Hahn
1998]. Jest ona zwiazana z niepotrzebnym zastosowaniem przeksztatcenia danych.

Laczenie danych z wykorzystaniem wybranej techniki w wigkszym stopniu
wplywa na charakterystyki grupy kontrolnej niz eksperymentalnej. Grupa ekspe-
rymentalna ulega modyfikacji tylko w przypadku, gdy dla poszczegolnych jedno-
stek nalezacych do tej grupy nie udaje sig znalez¢ bliskiego odpowiednika w grupie
kontrolnej. Z kolei charakterystyki grupy kontrolnej przed i po wykonaniu taczenia
roéznia si¢ w sposéb znaczacy. Celem taczenia jest wybranie ze zbioru potencjal-
nych jednostek kontrolnych tych najbardziej zblizonych do jednostek z grupy eks-
perymentalnej. Zatem grupa kontrolna po taczeniu powinna by¢ bardziej zblizona
pod wzgledem charakterystyk uzytych do taczenia do grupy eksperymentalnej niz
przed zastosowaniem procedury taczenia

Jest to ogdlna metoda posiadajaca wiele implementacji, r6zniacych sig spo-
sobem obliczenia miary podobienstwa. Po pierwsze, w metodzie propensity score
mozna wybra¢ rozne postaci funkcyjne dla prawdopodobienstwa poddania oddzia-
lywaniu. Po drugie, mozna zastosowac jedna z dostgpnych alternatywnych miar
podobienstwa obserwacji. Typowy estymator oparty o polaczone obserwacje przy-
biera forme [Smith, Todd 2005]:

1
WZ[YH ~E(Y,, |P,=1)] )

gdzie: E(Y, |P =1)= ZW(i, J)Y,; jest oszacowaniem stanu kontrfaktycznego, a

W(i,j) jest macierza odleglosci miedzy jednostkami i oraz j.
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Po obliczeniu miary podobienstwa jednostek sa one taczone za pomoca wy-
branego przez badacza algorytmu. Laczenie moze odbywaé si¢ wedtug zasady 1 do
1 (w pary), 1 do wielu (do kazdej jednostki poddanej oddzialywaniu dobiera si¢
wigcej niz jedna jednostke z grupy kontrolnej) lub wykorzystujac jadrowy estyma-
tor gestosci (dla kazdej obserwacji obliczana jest warto$¢ dystrybuanty i dobierany
jest odpowiednik z drugiej grupy o identycznej lub najbardziej zblizonej wartosci).
W ostatnim kroku obliczane sg réznice w zmiennej wynikowej dla polaczonych
obserwacji. Te ro6znice sa oszacowaniami szukanych efektow.

Problem dobierania obserwacji porownawczej pochodzacej z najblizszego
sasiedztwa (ang. nearest neighbour matching) jest wielowymiarowy. Tradycyjnym
1 najbardziej intuicyjnym sposobem jego rozwiazania jest wskazanie, dla kazdej
jednostki z grupy poddanej oddziatywaniu, jej najblizszego sasiada z grupy kontro-
Inej. Definiujemy zbidr 4; w taki sposob, ze dokladnie jeden sasiad jednostki i do
niego nalezy

A4, = {j |j€ {1..n}:min”wl. —wj‘} (®)

gdzie ||| jest metryka. Wowczas macierz wag W(i,j) jest kwadratowa i sktada
si¢ wylacznie z zer i jedynek. Jedynka jest przypisywana najblizszemu sasiadowi, a
zera pozostatym jednostkom grupy kontrolne;.

Estymator najblizszego sasiada dziata dobrze, jezeli W; oraz W; sa okreslone
na tym samym zbiorze, lub cz¢$¢ wspolna tych zbiordéw jest stosunkowo duza.
Badacz musi podja¢ decyzje zrobi¢ z niedoktadnie polaczonymi obserwacjami
(Lee, str. 89). Jezeli duza liczba stabo potaczonych par zostanie odrzucona, wow-
czas zmniejszy si¢ liczebnos$¢ grupy kontrolnej, 1 dla pewnych obserwacji z grupy
eksperymentalnej nie bedzie dobrej pary, zatem zostana one pominigte w analizie.
Zredukuje to problem zbilansowania, ale rownoczesnie zmniejszy si¢ efektywnos¢,
z uwagi na pominigcie istotnej czgsci informacji. Z drugiej strony uwzglednienie
wszystkich par, bez wzgledu na jako$¢ potaczenia pogorszy zbilansowanie.

Aby zapobiec porownywaniu elementow bardzo rézniacych si¢ miedzy soba
wprowadza si¢ poprawke tzw. caliper matching [Cochran i Rubin, 1975]. Dziala-
nie poprawki mozna porownac z dziataniem przestony w aparacie fotograficznym.
Jezeli uwaga jest skoncentrowana na wybranym punkcie, to inne punkty lezace od
niego daleko zostaja przestonicte. Procedura usuwa obserwacje, dla ktorych nie ma
bliskiego odpowiednika.

4, :{j | je {1..n}:min”wi —ij<§} )

Do zbioru A4; naleza takie punkty j, dla ktérych odlegto$¢ od najblizszego
odpowiednika jest nie wigksza niz §. Zwigksza to precyzj¢ estymatora. Gdy roz-
ktad prawdopodobienstwa uczestnictwa w programie jest rownomierny w grupie
eksperymentalnej i kontrolnej obcigcie usuwa skrajnie zle dopasowane jednostki
zmniejszajac obcigzenie estymatora. Gdy rozklady w obu grupach znacznie r6znia
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si¢, stala warto$¢ obcigcia inaczej traktuje potaczenia jednostek o niskim prawdo-
podobienstwie znalezienia si¢ w grupie eksperymentalnej a inaczej o wysokim. Te
pierwsze czg¢$ciej podlegaja obcigeiu. W efekeie po eliminacji zle potaczonych par
obciazenie estymatora moze wzrosnac. Jest to szczeg6lnie prawdopodobne, gdy
zachodzi zalezno$¢ migdzy prawdopodobienstwem uczestnictwa w eksperymencie
a jego wynikiem.

W zwiazku z tym uwazamy, ze nalezy uzalezni¢ wartos¢ odcigcia (caliper)
od warto$ci wektora propensity score dla grupy eksperymentalnej. Wowczas zmo-
dyfikowany mechanizm wyboru potencjalnych jednostek do grupy kontrolnej wy-
glada nastgpujaco

4, :{j|je{1..n}:min‘wi—w_/‘<5wl.} (10)

W ten sposdb wiazemy warto$¢ odcigcia z oszacowana wartoscia wektora
propensity score. Postulujemy, aby warto$¢ odcigcia 6 byta ustalong frakcja warto-
sci wektora. Wowczas dla obserwacji o niskim prawdopodobienstwie znalezienia
si¢ w grupie eksperymentalnej (wartos¢ wektora bliska 0) bedziemy wymuszali
bardzo doktadne okreslenie odpowiednika w stanie kontrfaktycznym. Z kolei, gdy
prawdopodobienstwo przydzielenia do programu bedzie dazy¢ do 1 dynamiczny
mechanizm obcigcia bedzie w niewielkim stopniu ro6znit si¢ od standardowego. W
rezultacie, w obliczeniach zostanie pominigtych wigcej potaczonych jednostek dla
ktorych warto§¢ oszacowanego prawdopodobienstwa znalezienia si¢ w grupie eks-
perymentalnej jest niewielka.

EKSPERYMENT SYMULACYJINY

W celu zbadania wlasciwosci statystycznych proponowanej poprawki prze-
prowadzili$my symulacj¢ wedtug nastgpujacego schematu

1. Ustalenie wielkosci proby.

2. Generowanie charakterystyk jednostek, oraz dwoch sktadnikow lo-
sowych.

3. Na podstawie wylosowanych warto$ci wykorzystujac znane réwna-
nie o ustalonych wspotczynnikach generowane sa prawdopodobien-
stwa przynaleznos$ci do grupy eksperymentalne;.

4. Obliczana jest zmienna wynikowa jako funkcja deterministyczna
charakterystyk, indykatora uczestnictwa w grupie eksperymentalnej
oraz niewielkiego sktadnika losowego.

5. Obliczany jest przecietny efekt oddziatywania za pomoca trzech al-
gorytmow: taczenie 1 do 1, taczenie 1 do 1 z obcigciem, oraz tacze-
nie 1 do 1 z dynamicznym obcigciem.

6. Kroki 1-6 powtarzane sa 100000 razy
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Budujac proces generujacy dane zalozono, ze prawdziwa oczekiwana warto$¢ od-
dzialywania wynosi 1. W efekcie eksperymentu uzyskano wyniki zaprezentowane
w Tabeli 1.

Wartos$ci parametréw dobrano tak, aby 25% obserwacji znalazto si¢ w gru-
pie eksperymentalnej. Uzyskana przecig¢tna liczba par wynoszaca 241 wynika z
losowej natury eksperymentu i obrazuje niedoktadnos¢ symulacji. Jak wida¢, dy-
namiczny sposob uznawania pary za dobrze polaczone pozwala w niewielkim
stopniu, ale jednak zmniejszy¢ obciazenie estymatora efektu oddzialywania. W
pierwszej chwili wydawato sig, ze cena za zmniejszenie obcigzenia oszacowania
jest mniejsza precyzja uzyskanego wyniku. Poniewaz literatura wskazuje, ze esty-
mator ATT ma rozktad normalny, ale tylko asymptotycznie, postanowili§my do-
ktadnie przeanalizowa¢ uzyskane wyniki. W rezultacie zauwazyliSmy, ze przyczy-
na mniejszej doktadno$ci oszacowan moze by¢ mniejsza liczba polaczonych par.
Klasyczny sposob odcigcia powoduje nieuwzglednianie ok. 10% par przy oblicza-
niu warto$ci ATT, a metoda dynamiczna odrzuca ok. 46% par, jako niedoktadne
odpowiedniki.

Tabela 1. Wyniki eksperymentu

Metoda ATT se(ATT) liczba par
Propensity score 0,997 0,176 241
Propensity score z odcigciem 0,997 0,126 220
Propensity score z dynamicznym odcigciem 0,998 0,218 134

Zrodto: obliczenia wilasne

Nalezy zaznaczy¢, ze dynamiczny sposob odcigcia odrzuca wigksza liczbe
par, jednak nie nalezy rozpatrywac tego faktu w kategorii stabosci, a zalety meto-
dy. Dzigki temu oszacowanie przecig¢tnego efektu jest uzyskiwane na podstawie
lepiej zbilansowanej proby.

Aby rozstrzygna¢ problem w sposob jednoznaczny postanowiliSmy prze-
prowadzi¢ dodatkowa symulacje. Zbadalis§my, w jaki sposob wariancja estymatora
ATT jest uzalezniona od liczby uzyskanych potaczonych par. W tym celu dla prob
o roznej liczebnosci przeprowadziliSmy proste taczenie 1 do 1 i obliczylismy dla
kazdej proby estymator ATT i jego odchylenie standardowe. Eksperyment powto-
rzygis'my 100000 razy. Wyniki eksperymentu pomocniczego przedstawiono w tabe-
li2°.

Ewidentnie wida¢, ze wraz ze wzrostem liczby jednostek w grupie kontrol-
nej, ktora odpowiada liczbie potaczonych par, btad standardowy oszacowania ma-
leje w tempie wykladniczym. Przedstawia do w innym $wietle wyniki poprzednie-
go eksperymentu. Przy spadek liczby polaczonych par z 241 do 134, 25% odchyle-
nia standardowego mozna przypisa¢ zmniejszonej liczbie par. W rezultacie nalezy

3 Z racji na szczuplo$¢ miejsca prezentujemy tutaj fragment wynikow. Na prosbe o0sob
zainteresowanych wyslemy petne wyniki.
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uznaé, ze odchylenie standardowe estymatora dynamicznym obcig¢ciem jest iden-
tyczne do odchylenia standardowego estymatora ATT. Tradycyjny mechanizm
obcigcia przy tej liczebnosci proby redukuje odchylenie standardowe oszacowania
0 30%. Zatem nalezy podja¢ trudny wybor: czy lepsze jest bardziej precyzyjne
oszacowanie o wigkszej wariancji czy mniej precyzyjne o mniejszej wariancji. My
opowiadamy si¢ za tym pierwszym.

Tabela 2. Wariancja ATT a wielko§¢ proby

Proba ATT se(ATT) Eksperymentalna Kontrolna
100 1.004 0.564 24 76
200 0.998 0.397 48 152
300 0.997 0.322 72 228
400 0.997 0.279 96 304
500 0.998 0.249 121 379

Zrédlo: obliczenia whasne

Asymptotycznie wszystkie techniki taczenia danych oparte o wektory pro-
pensity score powinny dawac takie same rezultaty, gdyz wraz ze wzrostem liczeb-
nosci proby metoda zbliza si¢ do porownywania obserwacji dokladnie potaczo-
nych. Jednakze w matych probach wybodr algorytmu moze wazy¢ na wyniku
(Heckman i in. 1997). W takim przypadku nalezy dokona¢ wyboru migdzy obcia-
zeniem uzyskanego oszacowania efektu a jego wariancja. Nie ma jednego najlep-
szego sposobu estymacji sprawdzajacego si¢ w kazdej sytuacji. Jakos$¢ poszczegol-
nych technik i wybor estymatora powinny by¢ uzaleznione od statystycznych wta-
sciwosci zbioru danych.

PODSUMOWANIE

W artykule przedstawiono estymatory przecigtnego efektu oddziatywania,
oraz pokazano wykorzystanie techniki taczenie danych wykorzystujacej wektor
propensity score. Celem metody jest odtworzenie na podstawie danych przekrojo-
wych warunkow eksperymentalnych poprzez konstrukcje hipotetycznej grupy od-
niesienia (stanu kontrfaktycznego) pozwalajacego na porownanie wynikow dziata-
nia programu z sytuacja, w ktorej nie byl on przeprowadzony. Odbywa sig to po-
przez taki wybor jednostek do grupy kontrolnej by byta jak najbardziej zblizona
pod wzgledem obserwowanych charakterystyk do grupy poddanej oddzialywaniu.

Zaprezentowano nowa technike oceny stopnia podobienstwa obserwacji,
wykorzystujaca zmodyfikowany mechanizm obcigcia. Modyfikacja polega na od-
noszeniu wielko$ci obciecia do wartosci wektora propensity score dla jednostki,
dla ktorej szukany jest obiekt w stanie kontrfaktyczny. Nastgpnie wykorzystujac
symulacje komputerowe zbadano wtasciwosci statystyczne metody. Wykazano, ze
w przypadku znacznych roznic w rozktadach wektora propensity score migdzy
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grupa poddana oddziatywaniu a grupa kontrolna dynamiczny mechanizm obcigcia
pozwala uzyska¢ bardziej doktadne oszacowanie. Jednak ceng za mniejsze obcia-
Zenie estymatora jest wigksza wariancja, wynikajaca z mniejszej liczby skutecznie
potaczonych par.

W dalszych pracach zamierzamy po pierwsze uwzgledni¢ w eksperymencie
proby o roznej liczebnosci. Tak jak wariancja estymatora ATT okazata si¢ by¢
nieliniowa funkcja liczby polaczonych par, takze obciazenie estymatora moze zale-
ze¢ w nieliniowy sposob od liczebnosci proby. Po drugie, zamierzamy tak przepro-
jektowaé schemat generowania danych, aby zapewni¢ stabilng liczbg potaczonych
par, a przynajmniej chcielibySmy osiagna¢ wigkszy stopien kontroli nad tym para-
metrem eksperymentu. Po rozwiazaniu tych problemoéw zamierzamy wykorzystaé
zmodyfikowana procedure w badaniach aplikacyjnych.
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Matching with dynamic caliper. Preliminary results

Abstract: The evaluation problem is a problem of missing data. Henceforth,
the important issue is construction of adequate counterfactuals. In this arcicle
modification of procedute that accepts observation as a good counterfactual is
proposed. The proposed novelty is a change in the mechanism of observation
comparision between treated and control group. I the last section the simula-
tion results are presented. The simulation concerns statistical properties of
proposed mechanism. The obtained results indicate that our method is capa-
ble of providing better results than technoques that are conterporary used.

Keywords: matching, propensity score, caliper, evaluation
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Streszczenie: W przedstawionym artykule ,,Koniunktura na polskim rynku
kapitalowym wobec sytuacji na rynkach wiodacych” podjeto probe okresle-
nia sity i kierunku powiazan pomigdzy indeksem WIG Gietdy Papierow War-
tosciowych w Warszawie a indeksami wiodacych gietd swiatowych: Stany
Zjednoczone (S&P 500) oraz Japonia (NIKKEI 225). Analizie poddano dane
dzienne wartos$ci wybranych indekséw gietdowych za lata 2000-2008. Wyko-
rzystano tutaj proste metody korelacyjne oraz model z Mechanizmem Korek-
ty Btedem. Wyniki badan wskazujq na pelne zintegrowanie polskiego rynku
z rozwinigtymi rynkami zagranicznymi. Wysoka sita powiazania uwidocznita
si¢ w ostatnich latach. Reakcja rynku polskiego na sytuacjg na rynkach za-
granicznych nastgpuje w czasie rzeczywistym. Podstawowa przyczyna inte-
gracji rynkow jest ich otwarto$¢ oraz rozwdj technik komunikacji.

Stowa kluczowe: rynki kapitalowe, szeregi czasowe indeksow, model korek-
ty btedow, analiza korelacji, modele transmisji
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WSTEP

Szybki postgp technologiczny ostatnich lat jest jedna z przyczyn integracji
rynkow kapitalowych. Jesli dodatkowo polaczy¢ to z coraz mniejsza ilo$cia ogra-
niczen w przeptywach kapitatu mozna powiedzie¢, iz rynki finansowe sg otwarte
na naptywajacy kapital. Dzigki temu potencjalny inwestor moze w prosty sposob
dokona¢ dywersyfikacji swojego portfela®. Dywersyfikacja portfela na rynku mig-
dzynarodowym znaczaco przyczyna si¢ do minimalizacji ryzyka®.

Powiazania pomigdzy rynkami kapitatlowymi moga mie¢ charakter wspodlne-
go trendu, dzieje si¢ tak, gdy papierom o tym samym ryzyku towarzyszy ta sama
oczekiwana stopa zwrotu. Fakt ten moze dotyczy¢ nawet rynkdéw o znaczaco roéznej
wielko$ci. Oczekiwa¢ mozna, iz impulsy z rynkoéw wigkszych beda ksztattowaé
sytuacje na rynkach mniejszych?®. Coraz nowsze badania wskazuja na wzrost sity
takich powiazan’.

W pracy starano si¢ opisa¢ powiazania pomi¢dzy indeksem WIG Gieldy Pa-
pieréw WartoSciowych w Warszawie a indeksami wiodacych gield §wiatowych:
Stany Zjednoczone (S&P 500) oraz Japonia (NIKKEI 225). Przedmiotem zaintere-
sowania byta przede wszystkim ocena, z ktérym z tych dwoch rynkéw polski rynek
kapitatowy jest silniej powiazany, na ile stabilne w czasie sa te powigzania oraz
rozktad w czasie reakcji polskiego rynku na zmiany warto$ci indeksow na rynkach
zagranicznych.

Rysunek 1. Szeregi czasowe indeksow S&P500 i WIG

1 600 —S&P500 WIG— 70 000
1 500 - “fl‘
b 4 60000
1400
1300 - 150 000
1200
{40000
1100 -
1000 - .} 30000
900 - —S&P500
L 20000
800 | WIG
700 — 10 000

2000 2001 2002 2003 2004 2005 2006 2007 2008 Rok

Zrédto: opracowanie whasne na podstawie danych historycznych gietd.

? Pordwnaj: Solnik, [1974] s. 48-54.

3 Zobacz: Obstfeld [1994] s. 1310-1329.

* Poréwnaj: Forbes, Rigobon, [2002] s. 2223-2261.
> Zobacz: Bekart, Harvey [1995] s. 403-444.
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Analizie poddano dane dzienne warto$ci wybranych indekséw gietdowych
za lata 2000-2008 (rysunek 1 i 2). Dane wybrano w ten sposob, aby notowanie
z rynku amerykanskiego i japonskiego poprzedzalo notowanie na rynku polskim,
zaktadajac, ze polski rynek jako mniejszy bedzie reagowal na zmiany na rynkach
rozwinigtych. Ewentualne stwierdzenie integracji polskiego rynku kapitalowego
z rynkami zagranicznymi lub tez zaprzeczenie takiej wazne jest w praktycznego
punktu widzenia, gdyz moze by¢ skuteczne wykorzystywane w zakresie dywersy-
fikacji portfela.

Rysunek 2. Szeregi czasowe indeksow NIKKEI225 1 WIG

22000 — NIKKEI225 WIG— 70 000
20000 - 1 60000
18 000 - A
i 1

16 000 - J 50 000
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2000 1 WIG 20 000

6000 e 10 000
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Zrédto: opracowanie wlasne na podstawie danych historycznych gietd.

UWAGI DOTYCZACE ZASTOSOWANEGO MODELU

Z punktu widzenia prawidlowej interpretacji parametréw modeli ekonome-
trycznych wazne jest, aby pomig¢dzy zmiennymi nie byto korelacji pozornych. Pro-
cedura estymacji zaproponowana przez Englea i Grangera eliminuje z modelowa-
nia takie relacje. Kolejne jej etapy polegaja na weryfikacji hipotez dotyczacych
stacjonarnosci i kointegracji zmiennych oraz etap koncowy budowa modelu.

Weryfikacje stacjonarno$ci szeregow czasowych wybranych indeksow giet-
dowych przeprowadzono za pomoca testu ADF w dwoch wersjach: bez stalej oraz
ze stata. Hipoteza zerowa brzmi: badany szereg jest szeregiem niestacjonarnym.
Sprawdzianem hipotezy zerowej jest iloraz:

ADF = iﬁ (1)
S(9)

gdzie O jest oceng parametru d w réwnaniu:
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k
Ay, =&+ 6Ay,_ +¢ @)

i=1

otrzymanym metoda MNK, a S(J) jego btedem standardowym otrzymanym dla
metody MNK. W réwnaniu (2) & jest taka ilo$cia opoznien, ktora pozwoli na wy-
eliminowanie autokorelacji. Odrzucenie hipotezy zerowej dla szeregu obserwacji y,
oznacza, iz jest to szereg stacjonarny i oznaczeg si¢ go /(0), co oznacza zintegrowa-
nie w stopniu 0.

Brak podstaw do odrzucenia hipotezy zerowej nie oznacza, ze szeregu y, nie
mozna doprowadzi¢ do szeregu stacjonarnego. Moze on by¢ zintegrowany
W stopniu wyzszym niz zero. W takim przypadku nalezy powyzsza procedure te-
stowania zastosowaé dla przyrostow obserwacji. Odrzucenie hipotezy zerowej
w takim przypadku oznacza, ze szereg Ay, jest stacjonarny, a szereg y, zintegrowa-
ny w stopniu 1, co oznacza si¢ /(1).

Stacjonarno$¢ szeregu obserwacji y, oznacza, iz modelowanie zaleznosci
powinno przeprowadzi¢ si¢ dla obserwacji. Natomiast stacjonarno$¢ pierwszych
przyrostdw oznacza, iz modelowanie zaleznos$ci powinno przeprowadzaé si¢ wia-
$nie dla przyrostow. W tym przypadku mozliwe jest w jednym modelu pokazanie
zwiazkow krotko- i dlugoterminowych. Jednak warunkiem tego jest kointegracja
szeregdw czasowych.

Dwa szeregi czasowe y, i x, sa skointegrowane stopnia d,b (I(d,b)), jezeli sa
zintegrowane tego samego stopnia d oraz istnieje liniowa kombinacja tych zmien-
nych, ktora jest zintegrowana stopnia d-b. Z praktycznego punktu widzenia naj-
wazniejsza jest sytuacja, w ktorej zmienne sa skointegrowane w stopniu (1,1). W
takich sytuacjach mozna stosowaé twierdzenie Grangera®.

Twierdzenie Grangera. Jesli y, i x; sa /(1) oraz (yt,x,) sa skointegrowane w

stopniu (1,1), to y, mozna przedstawi¢ w postaci modelu z mechanizmem korekty
btedem:

k-1 k-1
Ay, =aECM, | + Z OAy,  + z YiAx, . +€, 3)

i=l1 i=0
gdzie: ECM - reszty z rownania kointegrujacego.

Parametr o zwiazany jest z szybko$cia dostosowywania zmiennej yt
do poziomu dlugookresowej rownowagi z xt, a parametry 0 i Yy zwiazane sa
z dynamika krotkookresowa. Rownanie 3 moze dodatkowo zawieraé stata. Je-
sli brak jest kointegracji pomigdzy zmiennymi, to w réwnaniu 3 nie szacuje si¢
parametru c.

% Poréwnaj: Engle, Granger [1987] s. 1057-1072.
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ANALIZA KORELACIJI

Na rysunku 1 i 2 przedstawiono szeregi czasowe badanych indeksow giel-
dowych w uktadzie WIG-S&P500 oraz WIG-NIKKEI225. Wykresy roznia si¢
jedynie w pierwszej czesci do roku 2003, gdzie tempo spadku byto rézne. Od roku
2003 wykresy upodabniaja sig¢. Tempo wzrostu do polowy roku 2007 byto podob-
ne, a od potowy roku 2007 na wszystkich analizowanych rynkach obserwuje sig¢
podobne tempo spadku. Znajduje to swoje odzwierciedlenie w wyznaczonych
wspotczynnikach korelacji. W calym analizowanym okresie zwiazek pomigdzy
poziomami indeksow w Polsce i w USA oraz Japonii byt dodatni, lecz niezbyt
silny, natomiast w okresie ograniczonym do lat 2003-2008 byt dodatni bardzo silny
(tabela 1). Z kolei zwiazek pomigdzy wartosciami indeksow S&P500 i NIKKEI225
zarowno w dtuzszym jak i krotszym okresie czasu okazal si¢ bardzo silny dodatni.

Tabela 1. Zwiazki korelacyjne pomigdzy analizowanymi indeksami.

) 2000-2008 2003-2008
Korelacje ; .
Poziomy Stopy zwrotu |[Poziomy Stopy zwrotu
WIG <> S&P500 0,4466 0,3100 0,9356 0,2247
WIG <> NIKKEI225 0,5152 0,2618 0,9575 0,2537
S&P500 <> NIKKEI225 10,9005 0,3545 0,9043 0,4030

Zrbdlo: obliczenia wlasne.

Rysunek 3. Zwiazek korelacyjny stop zwrotu indeksow WIG i S&P500
1,06 T WIG
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Zrédto: wykonanie whasne.
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Inna sytuacj¢ obserwujemy w zakresie zwiazku pomiedzy stopami zwrotu.
Tutaj niezaleznie od przyjetego okresu badania zwiazek korelacyjny jest dodatni,
jednak charakteryzuje si¢ stabg sita (tabela 1). Dotyczy to zarowno zwiazku po-
migdzy stopami zwrotu polskiego indeksu ze stopami zwrotu indeksow gietd ame-
rykanskiej i japonskiej oraz zwiazku pomigdzy stopami zwrotu z gietdy amerykan-
skiej 1 japonskiej. Wskazuja na to wyznaczone wspotczynniki korelacji (tabela 1), a
obrazuja t¢ sytuacje w dluzszym okresie czasu rysunki 3 i 4.

Rysunek 4. Zwiazek korelacyjny stop zwrotu indeksow WIG i NIKKEI225
1,06 —WIG
1,04
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1,00 -t
098 :
0,96
0,94

092 4— NIKKEI225
0’90 T T T T T T T {
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Zrédto: Opracowanie whasne.
STACJONARNOSC I KOINTEGRACJA

Zaobserwowane zwiazki korelacyjne moga by¢ uznane za wiarygodne pod
warunkiem wystgpowania kointegracji. Z uwagi na zmiang¢ wiasciwosci powiazan
pomigdzy warto$ciami indeksow gieldowych jaka nastapita w ostatnim okresie,
czyli zdecydowanie silniejsza zalezno§¢ w dalszych badaniach ograniczono si¢ do
okresu 2003-2008. Ponadto koncowym celem ma by¢ model z Mechanizmem Ko-
rekty Bledem dlatego obliczenia prowadzono na szeregach danych zlogarytmowa-
nych.

Szeregi czasowe poziomoéw indeksow gietdowych WIG, S&P500 oraz
NIKKEI225 w okresie 2003-2008 okazaly si¢ szeregami niestacjonarnymi (tabe-
la 2). Stacjonarne sa pierwsze przyrosty tych indekséw. Wyniki takie uzyskano dla
testu ADF bez stalej oraz ze stala.

Roéwnanie kointegrujace szacowano w postaci y=a;x+a, (tabela 3). Parame-
try rownania kointegrujacego okazuja si¢ statystycznie istotne, ale przede wszyst-
kim reszty z tych rownan sa stacjonarne. Czyni to wiarygodnym analizg korelacji, a
ponadto umozliwia modelowanie zwiazku z jednoczesnym uwzglednieniem zmian
dlugookresowych i krotkookresowych w postaci modelu z mechanizmem korekty
bledem.
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Tabela 2. Testy stacjonarnosci

IADF bez statej IADF ze stalg
Indeks 1(0) (1) 1(0) (1)

IADF D IADF P IADF p IADF D
WIG 3,6334 10,9999 |-28,8661 0,0000 |-0,3444 |0,9157 [-29,1875 (0,0000
S&P500 1,9487 10,9881 |[-33,8092 10,0000 |-1,3130 10,6254 |-33,9163 (0,0000
INIKKEI225/1,8613 10,9854  -31,5271 (0,0000 [-0,7282 (0,8375 [-31,6215 10,0000

Objasnienia: I(0) — testowanie stacjonarnosci poziomow, I(1) — testowanie stacjonarnosci
pierwszych przyrostow, ADF — warto§¢ empiryczna testu, p — poziom istotnosci testu.
Zrbdlo: obliczenia wlasne.

Tabela 3. Test ko integracji

Zmienna _ {Zmienna zalezna: WIG
" Model ADF
ez
ale :
sn[al / poziom p a0 / POZIOM A poziom p
a p
2,7410 -9,1090
S&P500 -2,5932  {0,0093
0,0000 0,0000
1,6006 -4,8355
INIKKEI225 -3,6143 10,0003
0,0000 0,0000

Zrbdlo: obliczenia wlasne.

Tabela 4. Modele transmisji — zmienna zalezna przyrosty wartosci indeksu gietdowego WIG

[Zmienna
niezalezna [ECM, d(x¢) d(X¢.1) d(ye.1) c
X
-0,0068 0,3222 -0,0133 0,0484 0,0010
S&P500
0,0389 0,0000 0,7703 0,1323 0,0022
-0,0064 0,2315 0,0166 0,0449 0,0010
INIKKEI225
0,1057 0,0000 0,5752 0,1588 0,0028

Objasnienia: gorna liczba w komoérce — parametr, dolna liczba w komoérce — poziom istot-

nosci.

Zrbdlo: obliczenia wlasne.

Wedtug uzyskanych wartosci modelowych (tabela 4) istotny wplyw
na przyrosty indeksu gietdowego WIG w krotkim okresie czasu wywieraja jedynie

biezace przyrosty wartosci

indeksow gietd zagranicznych. Okazuje

sie,

iz w okresie 2003-2008 zmiana warto$ci indeksu S&P500 o 1% na otwarciu gene-
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rowata $rednig zmiang¢ wartosci indeksu gietdowego WIG na zamknigciu 0,3222%,
natomiast zmiana wartosci indeksu NIKKEI225 o 1% na zamknigciu generowata
srednia zmiang¢ wartosci indeksu gietdowego WIG na zamknigciu o 0,2315%.
Wplyw zmian wartosci indekséw zagranicznych z dnia poprzedniego oraz zmian
indeksu WIG z dnia poprzedniego na biezaca zmiang wartosci indeksu WIG oka-
zuje si¢ nieistotny. Stosunkowo niskie warto§ci wspolczynnika ECM informuja, iz
warto$ci indeksu gieldowego WIG stosunkowo wolno dostosowuja si¢ do dlugo-
okresowej rownowagi z wartosciami indeksow gietd zagranicznych. W ciagu jed-
nego dnia redukowana jest tylko niewielka cz¢$¢ odchylenia od stanu rownowagi.

PODSUMOWANIE

Przeprowadzona analiza wskazuje, ze polski rynek w ciagu ostatnich kilku
lat stal si¢ rynkiem w peli zintegrowanym z rozwinigtymi rynkami zagraniczny-
mi. Koniunktura panujaca na rynkach zagranicznych ma swoje bezposrednie prze-
lozenie na koniunkturg na rynku polskim. Sita oddzialywania rynku amerykanskie-
go 1 japonskiego jest zblizona. Warto jednak zwroci¢ uwage na fakt, iz rynek pol-
ski niezbyt szybko dostosuje si¢ do dlugookresowej rownowagi z rynkami zagra-
nicznymi. Z punktu widzenia inwestora taka sytuacja oznaczaé moze osiaganie
pewnych korzysci z dywersyfikacji.

Tak silny wplyw rynkow zagranicznych na polski rynek gieldowy bez-
sprzecznie wigza¢ mozna z szybkim postepem technologicznym ostatnich lat. W
sytuacji gdy dane z gietd zagranicznych docieraja na rynek polski w czasie rze-
czywistym musi nastgpowac natychmiastowa reakcja na nie. | tak tez sig dzieje.
Informacje z dnia poprzedniego nie odgrywaja tak silnej roli jak wtasnie informa-
cje biezace. Naptywajace informacje rynek dyskontuje natychmiast. Efektem tego
sa wspolne trendy rynkoéw $wiatowych, ktore oczywiscie nie wykluczaja osiagania
korzysci z dywersyfikacji. Poza reakcja, o ktorej mowa, kazdy rynek ma jednak
swoja wewngetrzna specyfike.
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Conditions of polish capital market against the situation on leading
markets

Abstract: The paper presents an attempt towards determination of the
strength and direction of relations between the WIG index of Stock Exchange
in Warsaw and the indexes of leading world stock exchanges in the United
States (S&P 500) and Japan (NIKKEI 225). The daily data values of selected
stock exchange indexes for the period 2000-2008 were analyzed, using
the simple correlation methods and a model with Error Correction Mecha-
nism. The results point out at full integration of Polish market with the devel-
oped foreign markets. The high strength of relations has occurred in recent
years. The Polish market response to situation on foreign markets occurs in
real time. The basic cause of market integration is their open nature and de-
velopment of communication techniques.

Keywords: capital markets, temporary rows of indexes, Error Correction
Model (ECM), coefficients of correlation, models of transmission
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Streszczenie: W pracy przedstawiono wyniki eksperymentu przeprowadzo-
nego w celu predykcyjnym na rynku walutowym. Zalozono, ze rynek nie jest
efektywny i daje si¢ z przesztosci wyekstrahowaé wiedzg o bledach popet-
nionych przez uczestnikow wybranej platformy brokerskiej. Dla wykonania
predykcji wykorzystano zmodyfikowana metode GMDH (Group Method of
Data Handling) umozliwiajaca sukcesywny wybdr nieliniowego modelu wie-
lomianowego najlepiej w danym kroku opisujacego rynek. Przedstawiono in-
teresujace wyniki eksperymentu na danych historycznych potwierdzajacego
uzyteczno$¢ metody. Danymi wejsciowymi byly zarejestrowane na platfor-
mie zachowania inwestorow — rozktad otwartych pozycji i ztozonych zlecen.
Stad — rozpatrywane podejscie mozna zaliczy¢ do modelowania behawioral-
nego.

Stlowa Kluczowe: zachowanie inwestoréw, finanse behawioralne, modele re-
gresyjne, GMDH, platformy brokerskie, rynek efektywny

WPROWADZENIE

Wsrod zagorzatych zwolennikow analizy technicznej powszechne jest prze-
konanie, ze kazdy obserwowany rynek pozwala przewidzie¢ jego zmiany na pod-
stawie bogatego arsenalu srodkow umozliwiajacych wydobycia sugestii zmian z
przesztosci. Na drugim biegunie pogladow lokuja si¢ hipotezy Fama’y [Fama E.F.
1998] o rynku efektywnym niemozliwym lub prawie niemozliwym do prognozo-
wania wskutek petnego i natychmiastowego dostgpu do informacji przez wszyst-
kich uczestnikow rynku. Problematyka kojarzenia wszelkich informacji, pochodza-
cych z réznych niezaleznych zrodet i majacych czgsto heterogeniczna, nieporow-
nywalna natur¢ zajmowato si¢ wielu analitykow. Z pewno$cia najwazniejszym jest
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niedawny kandydat do nagrody Nobla wspomniany prof. Eugene Fama, ale takze
kontestujacy jego prace noblista Joseph Stiglitz, czy zwolennicy finansé6w beha-
wioralnych R.Barberis [Barberis N i in. 1998], R. Thaler, W. DeBondt [DeBondt
W.1iin. 1985] i J.Piper [Piper J. 2006].

Dos¢ powszechne sa takze ostatnio poglady, ze najlepsze prawdopodobnie
wyniki predykcyjne na poziomie zapewniajacym ich praktyczna uzyteczno$¢ inwe-
stycyjna uzyska si¢ poprzez kojarzenie elementow analizy technicznej i fundamen-
talnej. Sposobem na osiagnigcie tego celu jest hybrydyzacja metod o ré6znym cha-
rakterze modeli opisujacych rzeczywisto$¢ zwiazang z danym rynkiem i réznych
technik wykonania decyzji rekomendowanych przez te modele. Sheng-Hsun Hsu
[Sheng-Hsun Hsu i in. 2009] i Zhang Yudong [Zhang Yudong i in. 2009] taczac
modelowanie za pomoca sztucznych sieci neuronowych z teorig zbioréw przybli-
zonych uwazaja, ze to najbardziej perspektywiczny kierunek opanowywania nie-
stacjonarnych procesow, a Hia Jong Teoh [Hia Jong Teoh i in. 2009] przedstawia
metode taczaca sieci neuronowe z GMDH (Group Method of Data Handling).
S. Dehuri i S. Cho [Dehuri S. 2009] tacza techniki regresyjne z optymalizacja ro-
jem czastek.

Na tym tle zaprezentowana jest metoda o podobnej probie polaczenia meto-
dy GMDH [Ivakhnenko A. i in. 1999, Ivakhnenko A. i in. 2000 | z danymi o cha-
rakterze behawioralnym wyekstrahowanymi z przestrzeni zachowan uczestnikow
rynku do tablicy przypominajacej tablicg informacyjna w teorii zbiorow przyblizo-
nych. Interesujace moze by¢ rozpatrywanie biezacych zachowan tych uczestnikow,
nie poprzez obserwacje kursu waluty (zreszta to niemozliwe), lecz poprzez badanie
przyczyn zmian tego kursu wynikajacych ze ztozonych zlecen i otwartych pozycji
na rynku spot. W artykule rozpatrywana jest koncepcja systemu wykorzystujacego
statystyczne dane o rozkladzie preferencji uzytkownikow przetworzone nastgpnie
w modelu regresyjnym zbudowanym wg zasad GMDH.

CHARAKTERYSTYKA DANYCH

Przyktadem platformy prezentujacej behawioryzm jej uzytkownikoéw jest
aplikacja Small Speculant Sentiment Analyzer [Oanda 2008,Wanadoo 2008]
przedstawiajaca intencje wybranej czgs$ci uzytkownikow znanej platformy broker-
skiej Oanda.com [Oanda 2008]. Wspomniana aplikacja wizualizuje zamiary kilku-
dziesigciu tysigcy uzytkownikow w formie dwoch diagramow, z ktorych gorny
przedstawia rozktad otwartych pozycji rynku spot, a dolny rozktad zlecen (rys.1).
Kazdy kwadrant diagramu (krzywa na nim przedstawiona) moze by¢ zinterpreto-
wany jako suma liczby decyzji (otwartych pozycji lub zlecen) w funkcji odlegtosci
od biezacej warto$ci rozpatrywanego instrumentu finansowego - na przedstawio-
nym wykresie na przyktadzie eurodolara.

Kolejno, np. diagram w gornej prawej ¢wiartce (kwadrancie) oznacza nara-
stajaca liczbe (wzgledna, wyrazona w procentach) pozycji dtugich otwartych po-
wyzej biezacej wartosci kursu. Wykres przedstawia sytuacj¢ na rynku EUR/USD
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przy warto$ci biezacej kursu C= 1,5305. Kazda warto$¢ (w %) pozycji dlugich
otwartych w przedziale < x;,, x,1t6> w catkowitej liczbie wszystkich otwartych
pozycji (dlugich i kroétkich). Niech 6 oznacza pewna, racjonalnie wybrana, stalg
wielko$¢ rozpatrywanego przedziatu (np. 100, 200 Iub wigcej pipséw). Zmienna ta
winna umozliwi¢ w miar¢ doktadne odczytanie udziatu otwartych pozycji z wykre-
su (rys.1).

Przez analogig, odpowiednio (rys. 2):

G, (xp, Xpt 0) - oznaczaé bedzie udzial pozycji krotkich otwartych powyzej
warto$ci biezacej kursu w przedziale < x,, X,+ &>;

G; (xp-9, Xp) - oznacza¢ bedzie udziat pozycji krotkich otwartych ponizej
warto$ci biezacej kursu w przedziale < xy- 9, Xp>;

G4 (Xp-0, Xp) - 0znacza¢ bedzie udziat pozycji dlugich otwartych w przedziale
< Xy-0, Xp>, czyli ponizej wartosci biezacej kursu.

Wprowadzenie parametru 6 powoduje, ze suma czterech rozpatrzonych sum
G; do Gy nie bgdzie rowna 100%, lecz pozwoli na powtarzalno$¢ obliczen pol w
tych samych warunkach.

Rysunek 1. Diagram liczby otwartych pozycji (gérny) i ztozonych zlecen (dolny)
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Zrodto: Oanda, www.oanda.com

Podobnie dla nierozpatrywanego do tej pory diagramu dolnego na rys. 1
niech odpowiednio:
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Gs (Xp, Xpt 0) - oznacza udziat zlecen kupna ztozonych z limitem potozonym
w przedziale < x, Xx,+ &>. Zlecenia te moga wynika¢ z zamian otwarcia pozycji
dlugiej powyzej biezacej wartosci kursu (sa to tzw. zlecenia Buy Stop), lub z za-
miaru zamknigcia przegrywajacej pozycji krotkiej (zlecenie Stop Loss). Oba te
przypadki sa rezultatem takiej samej postawy inwestora — jego przekonania, ze
kurs waluty wzrosnie. W pierwszym przypadku otwarcie pozycji dtugiej nastgpuje
w nadziei dalszego wzrostu, w drugim przypadku zamknigcie pozycji krotkiej
(technicznie tozsame z otwarciem pozycji dtugiej) nastepuje w obawie takze przed
dalszym wzrostem kursu i powigkszaniem straty.

Gg(xp, Xpt 0) - 0znacza udziat zlecen sprzedazy ztozonych z limitem potozo-
nym powyzej biezacej wartosci kursu. Sa to zlecenia wynikajace z zamiaru za-
mknigcia pozycji dlugiej wygrywajacej ( Take Profit) lub otwarcia pozycji krotkie;.
Oba wynikaja z takiego samego przekonania inwestorow o spadku kursu (po osia-
gni¢ciu poziomu wyznaczonego w zleceniu). Inwestor w przypadku posiadania
pozycji dlugiej sktada zlecenie typu Take Profit lokujac je powyzej biezacej warto-
$ci kursu w przekonaniu ze kurs dalej nie bedzie rost. Inny inwestor sktada zlecenie
otwarcia pozycji krotkiej Sell Limit takze w przekonaniu, ze kurs po osiagnigciu
poziomu okre§lonemu w zleceniu zacznie spadac.

G7(x4-9, Xp) - to udzial zlecen sprzedazy zlozonych ponizej warto$ci biezacej
kursu. Zlecenia te wynikaja z zamiaru inwestora otwarcia pozycji krotkiej (Sell
Stop) lub zamknigcia przerywajacej pozycji dtugiej (Stop Loss). Oba wigc wynika-
ja z przekonania, ze kurs bedzie spadat.

Gs(xp-0, Xp) - to udziat zlecen kupna ztozonych ponizej warto$ci biezacej
kursu. Zlecenia takie sa sktadane przez inwestora w celu otwarcia w celu otwarcia
pozycji dtugiej (Buy Limit) lub dla zamknigcia krotkiej pozycji wygrywajacej (Ta-
ke Profit). Oba typy zlecen wynikaja z tego samego przekonania inwestorow, ze
kurs po osiagnigciu poziomu wyznaczonego przez zlecenie, bedzie nastgpnie rost.

Calki Gs do Gg dotyczace zlecen przedstawione sa na rys. 3. Przedziat 6 (od-
legtos¢ od wartosci biezacej kursu ) moze by¢ oczywiScie inny niz na rys.2.

Jezeli w powyzszych definicjach G; oraz & wprowadzi¢ pojecie matego np.
kilkupipsowego przyrostu kursu d, nie mniejszego jednak niz 1 pips oraz pojgcie
rozkladu liczby zdarzen g; w kazdym j-tym przedziale wyznaczonym przez kolejne
przyrosty kursu (zdarzenie to zlecenie lub otwarcie pozycji), to ogolna definicja
sumy G; bedzie:

Gi :Ejk & (1)

gdzie k=06/d,dla i=1,2...8; dla 6= 100, 200, 300... pipsow.
Kazdy indeks i oznacza zupeinie inna funkcjonalno$¢, inny $wiat - zwy-
cigstw lub porazek, optymizmu lub pesymizmu.
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Rysunek 2. Definicja udziatow G; w odlegtosci & od wartosci biezacej kursu x

G F 3
(dlugie wygrywajace) (dlugie przegrywajace)
G, G,

x,-0 %10
»\\V ;
G, G,

(krotkie przegrywajace) (krétkie wygrywajace)

Zrodto: Opracowanie wlasne

Dla pewnego ustalonego arbitralnie, aczkolwiek rozsadnie 8, mozna prze-
prowadzi¢ normalizacj¢ sum G; w dwodch grupach - dla i € {1,2,3,4} oraz i €
{5,6,7,8}, taka, ze

.. G .
G'= —3—,dlai=1,2...4 ©)

n Gi .
G'= —3—,dlai=5,6...8 3)
.G,
5 l
Zabiegi powyzsze maja na celu wyodrebnienie takiego fragmentu obrazu
(rys.1), ktory w sposob powtarzalny, dla wielu tysigcy pobran z serwera, zapewni
zawsze t¢ sama procedurg znajdowania proporcji pomigdzy otwartymi pozycjami

Rysunek 3. Definicja udziatow zlecen w odlegtosci 6 od wartosci biezacej kursu xy,
G F 3

(Buy Limit/Take Profit) G, (Buy Stop/Stop Loss)
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Q ‘%
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7 G6
(Sell Stop/Stop Loss) (Sell Limit/TakePro fif)

Zrédto: Opracowanie wiasne
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w czterech kwadrantach gérnej czgsci rys.1 oraz ztozonych zlecen w dolnej
czegscei tego rysunku a dodatkowo zapewni stala warto§¢ czterech sum.

Po przeprowadzeniu normalizacji wg (2) i (3) przygotowano do dalszego
przetwarzania macierzy danych obserwowanych Xy 0 nastepujacej strukturze:

M - liczba wierszy (pomiardéw, obserwacji — tu §wiec obserwowanych w cy-
klu jednogodzinnym);

N - liczba kolumn; tu N = 10.

W kolumnach macierzy X zapisano odpowiednio:

X - kurs badanej co godzing pary walutowej EUR/USD;

X,+Xs5 - kolejno obserwowane na podstawie gornego diagramu (rys.l) i

przetworzone zgodnie z (2) wartosci udziatow G14 + G: , oznaczajace wzgledna

liczbe pozycji otwartych w rozpatrywanych kwadrantach uktadu rys.2;
Xe+Xo - obserwowane na podstawie dolnego diagramu (rys. 1) i przetworzo-

ne wg (3) wartosci udziatow zlozonych zlecen G54 + G: , oznaczajace wzgledna

liczbg w kwadrantach rys.3.
Xi0 = Y — obserwowana zmienna wyjsciowa - rdznica pomiedzy biezaca a
poprzednia wartoscia kursu, stanowiaca podstawe do rozwazan predykcyjnych.
Formalnie, X; ;o = Xj:1,1-Xi1- Tabele te (macierz danych X) sa baza dla dal-
szych rozwazan i zbudowania modelu predykcyjnego.

SFORMULOWANIE PROBLEMU BADAWCZEGO

Przedstawiona aplikacja internetowa jest, zgodnie z jej sugerowana nazwa
(Small Speculant), zrodtem wielu pomystowych rozwigzan i miejscem $cierania si¢
roznych pogladéw spontanicznie powstajacej wokol niej spotecznosci. Wiele z
nich koncentruje si¢, jak to wynika z dyskusji na forum, na probie realizacji tezy,
ze skoro ok. 95 % wszystkich drobnych inwestorow przegrywa, to nalezy poszu-
kiwa¢ wzorca rozktadu udziatow G1+ G8 takiego, ze prawdopodobna i mozliwa
bedzie porazka tak znacznej czgéci populacji inwestorow reprezentowanych po-
przez biezacy rozktad otwartych pozycji i zlecen.

Rozpatrywana tu autorska koncepcja jest catkowicie odmienna od wyzej
przedstawionej. Zbiezne sa one jedynie w aspekcie zalozenia, ze istnieja pewne
wzorce wyrazane poprzez konfiguracje danych, ktorych rozpoznanie umozliwi lub
uprawdopodobni skuteczno$¢ prognozy. W przypadku, opisanym jako popularny
sposob zachowania si¢ wigkszo$ci inwestorow, wzorcem takim moglaby by¢ sytu-
acja na diagramie rys.1 — jako informacja wejsciowa dla znalezienia odpowiedzi na
pytanie, jaka mozliwa najblizsza zmiana rynku spowodowataby porazke wigkszo-
$ci graczy. Na diagramie tym dla wigkszosci inwestorow gorszy bylby wzrost kur-
su — spowodowalby on poglebienie si¢ strat ok. 35% populacji z tytulu otwartych
pozycji krotkich i poprawialby sytuacje ok. 24% przegrywajacych dhugich pozycji.
W diagramie zlozonych zlecen ruch bytby o wiele mniejszy niz dla przypadku
otwartych pozycji.
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Poniewaz historycznie dzieje sig tak, ze wigkszo$¢ przegrywa, to logicznym
(w sensie myslenia indukcyjnego, a nie logicznego) ruchem byloby wykonanie
operacji (np. otwarcie pozycji), wygrywajacej przy rownoczesnej porazce wigkszo-
$ci. Na zasadzie przekory nalezatoby wigc otworzy¢ tu pozycje dluga.

W rozpatrywanym modelu zaklada si¢ takze wystgpowanie wzorcow uza-
sadniajacych postawienie nastgpujacej tezy. Jezeli wielokrotnie weryfikowana
konfiguracje zmiennych wejsciowych X,+Xo pozwala na zbudowanie modelu re-
gresyjnego (nieckoniecznie liniowego) takiego, ze wg ustalonego kryterium akcep-
towalne moga by¢ bledy uczestnikow wynikajace z zastosowania tego modelu na
odcinku predykcyjnym w fazie uczenia, to oznacza¢ to moze, ze znaleziono wzo-
rzec (model regresyjny), na podstawie ktorego mozna zbudowaé system transak-
cyjny (oparty na koncepcji prognozy).

Jak zwykle, wazne jest rozréznienie modelu predykcyjnego od modelu sys-
temu transakcyjnego (inwestycyjnego). Pierwszy jest wyrazem zastosowania wyra-
finowanych metod analizy technicznej (badania skutkow zmian rynku) w celu pro-
gnostycznym, a drugi jest zastosowaniem (wykorzystaniem) wynikow pierwszego
modelu w warunkach proponowanych przez konkretna platforme¢ inwestycyjna.

Podobnie jak w pracach [6,15,16] do rozwiazania zadan prognostycznych
uzyta byla metoda GMDH. Zastosowany byl tu algorytm oparty na nieliniowej
regresji [Wilinski A. 2008], w ktorej zmienna obserwowang byt zwrot po zakon-
czeniu kolejnej §wiecy a zmiennymi wejsciowymi kurs waluty i osiem opisanych
sum G;,1=1,2,... 8.

Przez zwrot rozumie si¢ tu réznice (w pipsach) pomigdzy warto$ciami kursu
w chwili biezacej i poprzedniej, oddalonymi o okres jednej swiecy.

Zanim przystapiono do zbudowania modelu regresyjnego rozszerzona zosta-
fa macierz danych wejsciowych poprzez konkatenacje horyzontalng. Macierz do-
dana z prawej strony macierzy pierwotnej utworzona zostata z nowych kolumn o
dhugosci N, z ktérych kazda jest iloczynem wartosci w kolumnach z danymi pier-
wotnymi. Tych kolumn z danymi pierwotnymi uwzgledniono 8, gdyz rozwazano
tylko kolumny reprezentujace sumy G; do Gs.

W zwiazku z tym kolejne kolumny o indeksie wigkszym o liczbe k od do-
tychczasowej liczby kolumn N kolejno zawieraty:

Xna=X#X; dla k=1,2, ..., i=23...9 , j=i+l,i+2,...9, )

gdzie operator ,,*”” oznacza mnozenie tablicowe wektorow wyraz po wyrazie, tzn.
wynikiem mnozenia jest kolejny wektor o takim samym wymiarze, ktdérego wyrazy
sa iloczynami odpowiednich wyrazéw dwoch kolumn wejsciowych (kolejno do-
dawanymi iloczynami Hadamarda dwéch kolumn macierzy pierwotnej).

Liczba dodatkowych kolumn wg (4) z uwzglednieniem kwadratow wartosci
kolumn pierwotnych wyrazow Ng = N(N-1)/2+N. Razem po konkatenacji macierz
danych ma wymiar M x (N +Ny).
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Dla zbudowania modeli prognostycznych na podstawie tak przetworzonych
danych pierwsza kolumng (X;) traktuje si¢ jako zmienna obserwowana Y (odnosi
si¢ ona do zwrotu po kolejnym kroku) a wszystkie pozostate kolumny - jako
zmienne wejSciowe (objasniajace). W ten sposob ostateczny model opisujacy np. K
wierszy zmiennej wyjsciowej miat posta¢ formalnie liniowa (w rzeczywistosci —
kwadratowa):

~ 5
Yev1= Xt >I<Ai+1 ©)

[IXI] - [IXL+D] - [(L+)x1]

dlaL=3,4,5,...1i=1,2,...
W modelu tym zmienna yt+1 oznacza predykcyjna modelowang wartos¢

zmiennej obserwowanej, ktéra w chwili biezacej wynosi y; X jest wektorem (L+1)
zmiennych wejsciowych wybranym wg opisanego dalej algorytmu sposrdd Ny
zmiennych rozszerzonej o wyrazy kwadratowe macierzy X zaobserwowanym w
chwili biezacej i. Wektor A;s jest zestawem (L+1) wspolczynnikow rownania li-
niowego

1 2

_|a® L
Ai+1_lai+1 A Ay e Ay (6)

obliczonym w przesztosci na podstawie dostgpnych danych historycznych dla
wierszy danych rozpoczynajacych si¢ w chwili i-K-1 a konczacych sig
w chwili i-1.

Poniewaz zaktada sig, ze jest dana informacja do chwili i-tej to wykorzystu-
jac dane wejsciowe do chwili i-1 a zmienng obserwowana do chwili i-tej uzyskuje
si¢ mozliwos¢ wykonania prognozy o jeden krok wprzod. Liczba K obserwowa-
nych wierszy jest (na razie) przyjmowana arbitralnie i moze by¢ takze przedmio-
tem dalszej optymalizacji. Wektor A, obliczany jest z rownania regresji wykona-
nej na K wierszach i L kolumnach.

Niewiadoma w tych rozwazaniach jest liczba L wspotczynnikow rownania
jak i struktura modelu (czy do rownania wchodzg tylko wyrazy liniowe, kwadrato-
we czy model jest mieszaning tych wyrazow).

Problem ten rozwiazuje algorytm oparty na idei Group Method of Data Han-
ding [6,15] dokonujacy dla kazdego i-tego kroku wielokrotnego wyboru L wyra-
zow dla L=3,4,5....Ny

Dla kazdego obliczanego modelu rozpatrywane jest kryterium doktadnosci
odtworzenia przebiegu zmiennej obserwowanej jako:

|
KIJL :EZ

Indeksy w kryterium K| oznaczaja:

~ 2
Y - Yt” — min @)
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L - jest to indeks wskazujacy liczbe wyrazéw w modelu - dla modelu zawie-
rajacego (L+1) wyrazéw (L kolumn danych oraz wektor jedynek przeznaczony w
modelu do obliczenia wyrazu wolnego rownania regresji);

J={j1,j2...JL} — okresla zbiér indekséw kolumn wiaczonych do macierzy in-
formacyjnej tworzacej wejscia dla obliczenia modelu ;.

W ten sposob obliczajac L’ dla wszystkich kombinacji C'yg dla kazdego L
= 3,4,5....znajdowane jest K'; min z odpowiadajacym mu wektorem L indeksow
kolumn {ji,j2...ji}.

Tak znaleziony model uzyty jest do wykonania predykcji (5). Jest to predyk-
cja wykonana jeden krok wprzod przy zalozeniu, ze model Y; uznany za najlepszy
wg kryterium (11), bedzie skuteczny jeszcze jeden krok wprzod i da satysfakcjonu-
jace przyblizenie ¥i+; wg (5). Gdy uptynie czas trwania jednego kroku, bedzie
mozna sprawdzi€, czy wartos¢ yi. (ktorej w danej chwili jeszcze nie ma) bgdzie
bliska modelowi ¥i+1.

Wielokrotne powtarzanie tej procedury i ocena jakosci modeli y;+ byla
przedmiotem badan.

Nalezy przy tym zauwazy¢, ze w kazdym kroku model Y; budowany jest z
uzyciem innych zmiennych i z zastosowaniem réznej struktury modelu. Posiada
takze, co oczywiste, zupehie inny zestaw wspotczynnikow Aj,.

W identyczny sposéb mozna zbudowa¢ model (modele) umozliwiajace pre-
dykcje na dwa kroki wprzdd (takze wigcej). Jezeli bowiem w jakiej§ chwili t; wy-
konana jest predykcja na dwa kroki wprzod, czyli dla chwili ti+ i tip to rOwniez w
tej samej chwili znana jest predykcja z poprzedniego kroku dotyczaca chwili t; oraz
tir1. Tak wigc w chwili t; istnieja dwie predykcje dla chwili t.;. Niech beda one
oznaczone odpowiednio p;' i pm”, gdzie indeks dolny oznacza, dla ktorej chwili
predykcja jest wykonana a indeks gorny, w ktorej chwili zostata wykonana. Z r6z-
nicy indeksow wida¢, ze pierwsza predykcja pir1' to predykcja jeden krok wprzéd a
predykcija ;1™ wykonana jest dwa kroki wprzod.

Przez predykcjg niech bedzie rozumiane odchylenie zmiennej obserwowane;j
od warto$ci w kroku poprzednim np.

pi+li: Vit - Vi

Pit”'= 91 - ¥ (8)
lecz takze ‘

pirt =i - yi )

Poniewaz w systemach transakcyjnych najwazniejsza jest trafnos¢ kierunku
zmian zmiennej obserwowanej, a nie doktadne okreslenie jej wartosci, to w dal-
szych rozwazaniach istotne bgdzie, czy zachodzi warunek rownosci znakow:

sign (pi') = sign (pin") (10)
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Jezeli warunek (10) zachodzi, to interesujaca staje si¢ wartos¢ znaku.

Jezeli sign (pi+1') = 1, oznacza to, Ze prognozowany jest wzrost rozpatrywa-
nego kursu (tu ceny pary walutowej EUR/USD) i nalezy otworzy¢ pozycje dtuga, a
gdy sign (pi+1') = - 1, nalezy otworzy¢ pozycje krotka. Jezeli warunek (16) nie byt
spelniony, nie wykonywano zadnej operacji.

WYNIKI BADAN

Dla tak zdefiniowanej strategii z uzyciem modelu GMDH przeprowadzono
badania z wykorzystaniem danych zgromadzonych w wyniki dwumiesi¢cznego
automatycznego monitoringu platformy [Wanadoo 2008]. Kazda otwarta pozycja
byta zamykana po jednym kroku. Przyjeto, ze spread wynosi 0.0002 (dwa pipsy).

Wykonano wiele eksperymentow dla réznych wartosci K (liczby wierszy
rozpatrywanych wstecz w modelu regresyjnym), SL (Stop Loss wyrazanego w
pipsach dla ograniczenia strat) i r6znych horyzontéw czasowych. Rozpatrywano
takze rdzna liczbe okresow predykeji (od 1 do 3). Jakos¢ systemu transakcyjnego
(poprawnos¢ doboru parametréw) szacowano za pomocg uproszczonego wskazni-
ka Sharpe’a (pozbawionego cztonu odpowiedzialnego za stopg zwrotu wolng od
ryzyka).

Niemal zawsze uzyskiwane byly wyniki majace praktyczna warto$¢ transak-
cyjna. Na wykresie przedstawiono wyniki jednej sposrod tych symulacji. Wybrano
warunki trudne — SL=0.0050, co dla $§wiec jednogodzinnych na EUR/USD jest
poziomem trudnym do osiagnigcia, ale osigganym (tu 16 razy). Liczba czlondéw
modelu nieliniowego L wahata si¢ od 3 do 4. Dla obliczenia wspotczynnikéw mo-
delu aproksymujacego wg GMDH rozpatrywano K=45 wierszy wstecz od chwili
biezace;j.

Dla 800 kolejnych krokéw uzyskano modelowana zgodno$é predykcji w
pierwszym i drugim kroku w 429 przypadkach, sposrod ktorych 237 (55,2%)
otwartych pozycji dato sukces a 192 porazke.

Po kazdym k kroku mierzono zwrot (w pipsach).

z=(Yi-Yic) - sign (pi) (11)

Zapis (11) oznacza, ze warto$¢ dodatnia (sukces) osiagano wowczas, gdy
przy otwartej pozycji dtugiej (sign (p'=1)) nastapil wzrost kursu lub przy otwar-
tej pozycji krotkiej (sign (' = -1)) nastapit spadek.

Przedstawiony na rys 4. wykres skumulowanej wartosci z po s krokach:

z2(s)=>" 2, (12)

osiaga wartos¢ wskaznika Sharpe’a rowna 0.1443.
Wskaznik Sharpe’a obliczany byt jako:

SR = z(k) / std (z) / k (13)
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gdzie z(k) — zwrot po k kroku; std(zy) — odchylenie standardowe w szeregu czaso-
wym ze Zwrotow.

Rysunek 4. Wyniki symulacji — zysk skumulowany dla 800 transakcji
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Zrodto: Opracowanie whasne

To uproszczone formuty, nie uwzgledniajace stopy zwrotu wolnej od ryzyka,
ale tak zdefiniowane uzywane sg tylko w obrgbie pracy, dla porownania réznych
wariantow symulacji. Wykres narastaniu kapitalu z rys. 4 wykazuje wyrazna sta-
bilng tendencje¢ wzrostu wyrazong ilosciowo przez wskaznik Sharpe’a.

KONKLUZIJE

Nalezy zwréci¢ uwage na dobre wyniki wszystkich symulacji (takze tych, z
uwagi na objetos¢ artykutu, tu niepublikowanych) pomimo niewielkiej przewagi
prognoz poprawnych, co do kierunku zmiany ceny, nad btednymi. Doszukiwac sig
w tym sukcesie nalezy pozytywnego wptywu istoty metody — prognozuje ona nie
tyle kierunek zmian, ile rzeczywiste wartosci kursu po jednym lub dwu krokach.
Stad zapewne bledy (co do kierunku) maja zdecydowanie mniejszy wplyw nega-
tywny na wynik koncowy, niz pozytywny wplyw poprawnych predykcji. Te liczne
przegrane sa po prostu srednio mniejsze, niz liczne wygrane. Np. dla badan przed-
stawionych na rys. 4 Srednia przegrana wynosita 6 pipséw a Srednia wygrana az 14
pipsow. Sytuacje te mozna interpretowac jako dobra ekstrakcje tendencji rynku na
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podstawie kontekstu behawioralnego. Zamiary uczestnikow rynku daja si¢ czgsto
poprawnie odwzorowac poprzez ztozone nieliniowe modele wielomianowe.

Podsumowujac wyniki przeprowadzonych symulacji, nalezy uznac je za
bardzo obiecujace. Uzyskane sa na najwigkszym pod wzgledem obrotéw $wiato-
wym rynku, na najbardziej ptynnej parze walutowej. Zagrozeniem dla ewentualne-
go handlu automatycznego zbudowanego na zaprezentowanej koncepcji moze by¢
jedynie stabilno$¢ dostepu do danych o zachowaniach inwestoréw, zalezna wy-
lacznie od woli zarzadzajacych platforma brokerska.
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Prediction efficiency investigation of GMDH-class model based on be-
haviouring of currency market users.

Abstract: The paper presents the results of an experiment concerning predic-
tion of the foreign exchange market. It was assumed, that the market is not
efficient and that it is possible to extract from the past the knowledge regard-
ing traders’ mistakes. A modified version of GMDH method was used for
prediction, which allows for successive selection of such nonlinear polyno-
mial model, that describes the market most adequately at a particular mo-
ment. Presented results confirm usefulness of the proposed method. Input
data was comprised of the information on traders behaviour, registered by the
brokerage platform, regarding open positions and orders. Hence, such a solu-
tion can be thought of as behavioural modelling.

Keywords: investors’ behaviour, behavioural finance, regression models,
GMDH, brokerage platforms, efficient market
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Streszczenie: Celem badan jest ocena efektywnosci 19 wybranych otwartych
funduszy inwestycyjnych dziatajacych na polskim rynku. Analizy przepro-
wadzono dla danych dziennych z okresu od 2.11.2006r. do 2.11.2008r. Bada-
niem obj¢to szeregi 3-, 6-, 12- i 24-miesi¢czne. Do oceny efektywnosci wy-
korzystano wskazniki Sharpe’a, Treynora i Jensena. Badano rowniez selek-
tywnos¢ i wyczucie rynku za pomoca metod Treynora-Mauzy’ego oraz Hen-
rikssona-Mertona. Za indeks rynku przyjeto indeks WIG, a za instrumenty
wolne od ryzyka - bony skarbowe.

Stowa Kkluczowe: otwarte fundusze inwestycyjne, wskazniki efektywnosci
inwestycji, selektywnosc¢, wyczucie rynku

WPROWADZENIE

Wigkszoé¢ analiz finansowych opiera si¢ na hipotezie rynku efektywnego
(Efficient Market Hypothesis, EMH), zgodnie z ktoéra rynki finansowe szybko i
doktadnie odzwierciedlaja dostepne publicznie informacje. Sformutowane przez
Fame¢ warunki informacyjnej efektywnosci rynku w praktyce nie sa spetnione,
zaklada si¢ wigc, ze do spetnienia warunkow efektywno$ci wystarcza aby rynek

' Badania prowadzono w ramach realizacji grantu Nr N111 014 32/1227 nt. Badanie
efektywnosci inwestycyjnej otwartych funduszy inwestycyjnych funkcjonujacych na
polskim rynku kapitatowym.

* Zostata ona sformutowana w pracy: Fama [1970].



266 Dorota Witkowska, Krzysztof Kompa, Marta Grabska

charakteryzowat si¢ nastepujacymi cechami’: (1) duza liczba uczestnikow; (2) ho-
mogenicznos$cia produktow, co oznacza, ze wszystkie akcje charakteryzuja sig
parametrami, umozliwiajacymi ich poréwnanie; (3) sposobem organizacji rynku,
zapewniajacym dostep do informacji przez wszystkich uczestnikow rynku oraz
(4) losowym charakterem naplywu nowych informacji (z wyjatkiem raportow
kwartalnych, ktérych terminy publikacji sa znane).

W literaturze wyrdznia si¢ trzy formy efektywnosci informacyjne;j:

o staba (weak form), wg ktorej ceny waloréw odzwierciedlaja wszyst-
kie istotne informacje zawarte w notowaniach historycznych;

e potsilng lub $rednia (semi-strong form), kiedy ceny papieréw warto-
sciowych odzwierciedlaja nie tylko wiadomosci, ktéore mozna od-
czyta¢ z notowan historycznych, ale takze wszystkie inne publiczne
informacje (np. zawarte w raportach finansowych spoétek, oglaszane
publicznie dane makroekonomiczne lub informacje prasowe);

e silng (strong form), wg ktorej zarowno publicznie dostgpne dane, jak
1 wiadomosci poufne (tj. takie, ktore sa dostgpne tylko waskiej gru-
pie 0sob) znajduja szybkie odzwierciedlenie w cenach walorow.

W analizach najcze¢sciej weryfikuje si¢ hipotez¢ o stabej efektywnosci in-
formacyjnej rynku, do czego wykorzystuje si¢ migdzy innymi narzedzia analizy
technicznej oraz statystyczne testy weryfikujace losowos$¢ zmian®. W przypadku
badania silnej formy efektywnos$ci najczesciej przeprowadza si¢ analizy portfeli
inwestoroOw instytucjonalnych, zwlaszcza funduszy inwestycyjnych. Zaklada si¢
bowiem, ze profesjonalisci zarzadzajacy funduszami stanowia najlepiej poinfor-
mowang grupe inwestorow”.

Celem badan jest ocena efektywnosci wybranych funduszy inwestycyjnych
(FIO) zrownowazonych i aktywnej alokacji dziatajace w Polsce. Badania przepro-
wadzono w oparciu o dzienne notowania jednostek uczestnictwa pochodzace z 2-
letniego okresu. W analizach wykorzystano wskazniki efektywnosci Sharpe’a,
Treynora i Jensena oraz Treynora-Mazury’ego i Henrikssona — Mertona.

METODY OCENY EFEKTYWNOSCI INWESTYCJI

Dokonanie prawidlowego pomiaru efektywnos$ci portfela funduszu wymaga
zastosowania specjalnych miernikow, ktore uwzgledniaja nie tylko zysk z inwesty-

3 Poréwnaj: Buczek [2005], s. 17 — 18, Szyszka [2003], s. 17.

* Wyniki analiz efektywnosci informacyjnej polskiego rynku opisano m.in. w pracach:
Buczek [2005], czekaj i in. [2001], Kompa, Matuszewska-Janica [2008], Szyszka [2005],
Witkowska, Zebrowska — Suchodolska [2008].

> Jest to powszechnie przyjmowane zaltozenie, o ktorym wspomina si¢ m.in. w pracy:
Czekaj iin. [2001], s. 132 - 137.
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cji, ale i ryzyko®. Oczekiwany przez inwestora zysk, mierzy si¢ zazwyczaj. ocze-
kiwang ($rednia) dzienna stopa zwrotu R . obliczong dla szeregu z-elementowego:

1 7
R,=->'R, M
T t=1
gdzie: R, - dzienna logarytmiczna stopa zwrotu:

P

R, = h{PiJ 2

gdzie: P - warto$¢ jednostki uczestnictwa w dniu 7.

Czgsto przyjmowang miara ryzyka jest odchylenie standardowe stop zwrotu
S, obliczane wedlug wzoru:

1 T
S, = \/HZI(RP’ ~R,)’ 3)

gdzie: oznaczenia jak poprzednio.
Inna popularng miara ryzyka jest tzw. wspolczynnik beta modelu Sharpe’a’:

R,=a,+B, R, +¢ @

lub linii rynku papieréw wartosciowych SML (Security Market Line) modelu row-
nowagi rynku papieréw warto$ciowych CAPM (Capital Asset Pricing Model)®:

Rpt—Rﬁ:ap+/3p-(Rm,—Rﬁ)+£, (5)

gdzie dla kazdego okresu ¢ Rp, - stopa zwrotu p-tego funduszu inwestycyjnego,
Rﬁ - stopa zwrotu instrumentu wolnego od ryzyka, R - stopa zwrotu z indeksu
rynku, R, —R, - premia za ryzyko tj. dodatkowy dochod powyzej stopy zwrotu

instrumentu wolnego od ryzyka, ktéry ma zacheci¢ inwestorow do podjecia ryzyka.
Modele (4) i (5) tradycyjnie szacuje si¢ MNK?.

6 Poréwnaj: Czekaj i in. [2001], s. 132 - 157.

7 Model Sharpe’a jest bogato omawiany w literaturze przedmiotu (por. Jajuga, Jajuga
[2005], s. 162 - 167, Tarczynski [1997], s. 103 —111).

¥ Model CAPM jest omawiany m.in. w pracach: Czekaj i in. [2001], s. 139, Jajuga, Jajuga
[2005], s. 167 - 173, Tarczynski [1997], s. 121 — 124, Witkowska i in. [2008], s. 221 -225.

? Stosowane sa rowniez inne metody estymacji poréwnaj chociazby prace: Fiszeder [2005],
Gajdka, Brzeszczynski [2007].
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Poréwnanie wynikéw inwestycyjnych polega na wyznaczeniu wzglednej
efektywnosci inwestycji, pozwalajacej na oceng poszczegdlnych portfeli. W tym
celu konieczne jest zastosowanie wskaznikow efektywnos$ci, na wartos¢ ktorych
wplywa zaré6wno ryzyko, jak i stopa zwrotu. Wyroznia si¢ trzy podstawowe
wskazniki efektywnosci'’: Sharpe’a, Treynora i Jensena.

Wspotczynnik efektywno$ci inwestycji Sharpe’a - WS, pozwala oceni¢ wy-
niki portfela w oparciu o miarg ryzyka catkowitego i stopg zwrotu:

_ R, - R,
r S

P

ws (6)

gdzie: R, — oczekiwana stopa zwrotu portfela funduszu, R~ stopa zwrotu wolna od
ryzyka, S, — ryzyko catkowite portfela, wyznaczone z (3). Zauwazmy, ze oczeki-
wane ($rednie) stopy zwrotu dla portfela R, , indeksu rynku R, i instrumentu

wolnego od ryzyka R, wyznacza sig z relacji (1).
Czym wyzsza wartos¢ wspotczynnika Sharpe’a tym inwestycje charaktery-
zuja si¢ wigksza efektywnoscia. Miara Sharpe’a pozwala takze na pordéwnanie

efektywnosci wszystkich analizowanych portfeli z efektywnoscia rynku mierzona
za pomocg wskaznika WS,, wyznaczonego jako:

R,-R
ws, ="~
S

m

(7

gdzie: R, — stopa zwrotu indeksu rynku (ktorym moze by¢ np. indeks WIG), S, —
ryzyko catkowite rynku, wyznaczone z (3), pozostate oznaczenia jak w (6).

Porownanie wynikéw funduszu i rynku umozliwia wyrdznienie funduszy
godnych zainteresowania inwestoréw. Jesli bowiem zachodzi: WS, > WS,,, wow-
czas analizowany fundusz inwestycyjny jest bardziej efektywny niz rynek i optaca
si¢ w niego inwestowac.

Podobne podejscie do pomiaru efektywnosci inwestycji reprezentuje wskaz-
nik Treynora. Obydwie miary rdznia sig¢ jedynie tym, ze Treynor za wlasciwa mia-
re ryzyka przyjat ryzyko systematyczne (niedywersyfikowalne) portfela. W celu
wyprowadzenia wspotczynnika, ktory mierzy premi¢ za ryzyko w odniesieniu do
systematycznego ryzyka portfela, wykorzystano rownanie linii papierow warto-
sciowych SML. Zakladajac zatem, iz rynek jest w rownowadze i oczekiwania in-
westorow realizuja si¢ na poziomie $redniej, wskaznik efektywnosci W7, przyjmu-
je nastepujaca postac:

WT — RP _Rf

®)
p Bp

' Porownaj: Czekaj i in. [2001], s. 133, Tarczynski [1997], s. 154 — 156, Ostrowska [2003],
Witkowska i in. [2008], s.225 -230.
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gdzie: ,Bp - ryzyko systematyczne funduszu inwestycyjnego, oszacowane w (5);

pozostate oznaczenia jak w (6).

Podobnie jak w przypadku wskaznika Sharpe’a, im wyzsza jest wartos¢
wskaznika Treynora, tym fundusz inwestycyjny jest bardziej efektywny i atrakcyj-
ny dla inwestora. Ujemne warto$ci wskaznika Treynora $wiadczy¢ beda o ztych
wynikach osiagnigtych przez zarzadzajacego (por. Czekaj [2008], s. 446). W celu
ustalenia czy fundusz inwestycyjny osiagnal lepszy wynik od rynku nalezy porow-
na¢ wskaznik Treynora, obliczony dla analizowanego funduszu, ze wskaznikiem
wyznaczonym dla portfela rynkowego (WT,,). Ten ostatni wyznaczany jest analo-
gicznie jak w przypadku miary Sharpe’a zgodnie ze wzorem (7), zastepujac jedynie
ryzyko catkowite rynku (S,,) ryzykiem systematycznym rynku (£,). Wowczas za
portfele optacalne uwaza si¢ te, ktorych wskazniki efektywnosci sa wyzsze od
wskaznika efektywnosci rynku.

Inna miarg efektywnosci jest wspotczynnik Jensena:

a, = (Rp _R.f')_lgp ’ (Rm _Rf) )

zwany rowniez alfa Jensena, poniewaz ¢, jest ocena estymatora wyrazu wolnego

modelu (5).
Warto$¢ ¢, informuje o skutecznosci i efektywnosci menadzera zarzadzaja-

cego inwestycja finansowa, a takze o rezultacie doboru sktadnikow do portfela
inwestycyjnego (por. Ostrowska [2005], s. 217). Dodatnia warto$¢ tego wskaznika
oznacza, ze zwrot z portfela przekracza oczekiwania oszacowane na podstawie
modelu CAPM. Jedli @, osiagnie wartoS¢ mniejsza od zera, wowczas jest to sy-

gnal, Zze dana inwestycja (portfel) nie jest godna zainteresowania inwestora. Stosu-
jac wspolczynnik Jensena nalezy pamigtac, ze jest on miara absolutna. Dlatego tez,
w swej podstawowej postaci nie jest wtasciwy do relatywnych poréwnan portfeli o
réznych poziomach ryzyka. Dopiero jesli zostanie podzielony przez wspotczynnik
beta, moze stanowi¢ kryterium oceny portfela i by¢ wykorzystywany w analizie
poréwnawczej poszczegdlnych inwestycji.

W ocenie silnej efektywnosci uwzglednia si¢ dwie cechy zarzadzajacych
portfelami: selektywnos¢ (selectivity) definiowana jako umiejetny wybor akcji w
celu poprawy efektywnosci portfela oraz wyczucie rynku (market timing) polega-
jace na wlasciwym wyborze momentu zmiany struktury portfela.

O ile w przypadku selektywnosci ocenia si¢, wlasciwa zarzadzajacym, umie-
jetnos¢ formutowania poprawnych prognoz dotyczacych wybranych instrumentow
finansowych w oparciu o informacje¢ publiczna i poufna (niedostepna dla przecigt-
nego inwestora), o tyle przez wyczucie rynku rozumie si¢ umiej¢tnos¢ prognozo-
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wania zachowania calego rynku, co umozliwia wtasciwy wyboér momentu zmiany
struktury portfela (przede wszystkim akeji)''.

Wyczucie rynku przez zarzadzajacych instrumentem finansowym bada sig z
wykorzystaniem metody parametrycznej - wskaznika Treynora-Mauzy’ego. Nalezy
w tym celu oszacowa¢ model postaci (Treynor, Mauzy [1966]):

R,=a,+p,R, +7,R,

ptmt mt

+¢&, (10)

gdzie dla kazdego #: R, - stopa zwrotu z portfela, R, - stopa zwrotu z portfela
rynkowego, [3,- miara ryzyka systematycznego portfela, y, - miara wyczucia ryn-

ku przez zarzadzajacego funduszem.
Dodatnia wartos¢ parametru y, swiadczy o dobrym wyczuciu rynku tzn. za-

rzadzajacy portfelem dobrze dostosowuja jego strukturg¢ do warunkéw panujacych
na rynku. Innymi stowy, ze wzrostem stop zwrotu z portfela rynkowego, zwigksza-
ja ekspozycje portfela na ryzyko, a wraz ze spadkiem stop zwrotu indeksu gieldy,
zwigkszaja udziat instrumentéw wolnych od ryzyka.

Wskaznik Henrikssona-Mertona, podobnie jak Treynora-Mauzy’ego, pozwa-
la na badanie wyczucia rynku przez zarzadzajacych portfelami. Konstrukcja tego
testu, umozliwia oddzielenie od siebie wplywu umiejgtnosci zarzadzajacego portfe-
lem w zakresie wyczucia rynku oraz umiejgtnosci odpowiedniego doboru akty-
wow. Aby odseparowac te dwie kategorie od siebie nalezy oszacowa¢ MNK model
(Henriksson, Merton [1981]):

Rpt _Rﬁ = ap + ﬂlp ' (Rmt _Rﬁ) +ﬂ2pyt + gt (11)

gdzie: R, — R, - nadwyzka stopy zwrotu z portfela rynkowego nad stopa wolna od
ryzyka, y, = max{O,R,m -R ﬁ}, &, - sktadnik losowy modelu, ktory spetnia zatoze-
nia modelu CAPM".

W modelu (11) istotna rolg petnia oszacowania parametrow ¢, oraz f, ,.
Badanie selektywnosci polega na weryfikacji hipotezy zerowej: H,:«, =0, ktora
oznacza, ze zarzadzajacy funduszem nie posiadaja umiejgtnosci przewidywania w
skali mikro. Z kolei badania umiejetnosci wyczucia rynku polega na weryfikacji
hipotezy: H,: [, =0, z ktérej wynika, ze zarzadzajacy nie posiadaja umiejgtnosci
w zakresie wyczucia rynku lub ich nie wykorzystuja (por. Henriksson [1984]).
Jezeli f, » <0, to zarzadzajacy posiada umiejgtnosci w zakresie wyczucia rynku,

jednak technika timing market ma negatywny wpltyw na wartos¢ portfela. Czyli
wybdér momentu dokonania inwestycji oraz czasu jej trwania w oparciu o krotko-

" Porownaj Czekaj i in. [2001], s. 132.
12 Poréwnaj Czekaj i in. [2001], s. 153.
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terminowe oczekiwania cenowe zmniejszaja warto$¢ portfela. Moze to wynika¢ na
przyktad z ponoszonego ryzyka zwiazanego z instrumentami pochodnymi.

OPIS DANYCH

Badaniem obj¢to 19 otwartych funduszy inwestycyjnych zréwnowazonych
i aktywnej alokacji dziatajacych na polskim rynku'® (por. tab. 1 i 2). Wybrano fun-
dusze, ktore - wg Izby Zarzadzajacych Funduszami i Aktywami — miaty w listopa-
dzie 2008r. najwickszy udziat w rynku aktywow netto funduszy inwestycyjnych'.
Przyjeto, ze portfel rynkowy jest reprezentowany przez indeks WIG. Analizy,
obejmujace okres od 2.11.2006r. do 2.11.2008r., przeprowadzono dla czterech
szeregdw czasowych o roznej dtugosci (por. rys. 1), ktére oznaczono nastepujaco:

M24 - szereg 24-miesigczny, obejmujacy okres: 2.11.2006r. - 2.11.2008,

M12 - szereg 12-miesigczny, obejmujacy okres: 22.10.2007 - 22.10.2008,

M6 - szereg 6-miesigczny, obejmujacy okres: 14.04.2008 - 14.04.2008,

M3 - szereg 3-miesigczny, obejmujacy okres: 16.06.2008r. - 16. 09.2008.

Ocena efektywnosci inwestycji wymaga wykorzystania stopy wolnej od ry-
zyka, za ktora przyjeto stopg zwrotu z instrumentéw finansowych, emitowanych
przez Ministerstwo Finanséw. Stad poczatek kazdego okresu wyznaczono jako
dzien emisji bonéw badz obligacji skarbowych o okre§lonym czasie wymagalnosci.
Dzienna stope zwrotu wolna od ryzyka dla poszczegdlnych szeregdéw wyznaczono
jako dzienne oprocentowanie nastgpujacych instrumentéw finansowych:

— 2-letnich obligacji skarbowych dla szeregu 24-miesig¢cznego,

—  52-tygodniowych bonéw skarbowych dla szeregu 12-miesigcznego,

— 26-tygodniowych bonéw skarbowych dla szeregu 6-miesigcznego,

— 13-tygodniowych bonéw skarbowych dla szeregu 3-miesigcznego.

Rysunek 1. Okresy badania oraz wykres WIGu w okresie od 2.11.2006 do 2.11.2008r.

' Badanie efektywnosci funduszy inwestycyjnych dziatajacych na polskim rynku
przedstawiono m.in. w pracach: Czekaj i in. [2001], Ostrowska [2003], Olbrys [2008].

'* Por. Analizy Online i raporty Izby Zarzadzajacych Funduszami i Aktywami listopad
2008.
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Zrodto: Opracowanie wlasne.

Wszystkie analizowane fundusze zrownowazone, niezaleznie od dlugosci
rozpatrywanego szeregu, charakteryzowaty si¢ ujemna wartoscia $redniej dziennej
stopy zwrotu, chociaz istotnie mniejsze od zera byly jedynie roczne stopy zwrotu
dla wybranych funduszy. Podobnie byto w przypadku funduszy aktywnej alokacji,
z wyjatkiem funduszu AIG Fundusz Aktywnej Alokacji, ktory mial nieujemne
stopy zwrotu dla 6- oraz 12-miesi¢cznego szeregu. Dla wigkszosci funduszy naj-
mniejsze oczekiwane straty zaobserwowano dla 24-miesiecznych szeregdw'”.

Wsrod badanych funduszy zrownowazonych najwyzszym ryzykiem catko-
witym charakteryzowat si¢ fundusz Arka BZWBK Zréwnowazony FIO dla wszyst-
kich czterech badanych szeregow. Natomiast najnizsze ryzyko catkowite zaobser-
wowano dla roznych funduszy w zaleznos$ci od dlugosci rozpatrywanego okresu:

e dla szeregu M3 jest to UniFundusze FIO Subfundusz UniKorona
Zroéwnowazony,
e dla M6 jest to Noble Funds FIO Subfundusz Noble Fund Mieszany,
e dla M12 oraz M24 jest to Millenium FIO SubFundusz Zrownowa-
zony.
Ponadto zauwazono, ze w przypadku 3-, 6-, 12-miesigcznych szeregow, wraz ze
wzrostem dlugosci analizowanego okresu wzrastato ryzyko catkowite funduszy.

% Nie dotyczy to funduszy, ktérych dziatalnosé trwata krocej niz dwa lata lub rok (por. tab.
112).
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Tabela 1. Informacje dotyczace analizowanych funduszy inwestycyjnych zréwnowazo-

nych.
Nazwa funduszu | TFI Polityka inwestycyjna funduszu inwestycyj- | Data  roz-
inwestycyjnego nego poczgcia
dziatalno-
$ci
Pioneer Zréwnowazo- | Pioneer <=70% akcje, >=30% instrumenty finansowe | 30.07.1992
ny FIO Pekao o charakterze wierzycielskim, czg¢§¢ aktywow
stanowia depozyty bankowe
Arka BZ WBK Zréow- | BZ WBK | 30-70% akcje, pozostate $rodki to instrumen- | 07.01.2002
nowazony FIO AIB ty finansowe o charakterze wierzycielskim
PKO/Credit Suisse | PKO <=70% akcje, >=30% to instrumenty finan- | 09.07.1997
Zréwnowazony FIO sowe o charakterze wierzycielskim
ING FIO Zréwnowa- | ING $rednio 50% akcje, $rednio 50% instrumenty | 09.03.1998
zony finansowe o charakterze wierzycielskim
Skarbiec Waga FIO | Skarbiec |30-70% akcje, pozostate $rodki- instrumenty | 09.10.1997
Zréwnowazony finansowe o charakterze wierzycielskim
UniFundusze FIO | Union 20-80% akcje, pozostate srodki to instrumen- | 09.08.1995
subfundusz UniKoro- | Invest- ty finansowe o charakterze wierzycielskim
na Zrdwnowazony ment
PZU FIO Zroéwnowa- | PZU 30-70% akcje, pozostate srodki to instrumen- | 18.11.2005
zony ty finansowe o charakterze wierzycielskim
Millennium FIO Sub- | Millen- 40-60% akcje, pozostate srodki to instrumen- | 03.01.2002
fundusz  Zréwnowa- | nium ty finansowe o charakterze wierzycielskim
zony
Commercial ~ Union | Commer- |40-60% akcje, 20-60% to instrumenty finan- | 29.12.2006
FIO subfundusz CU | cial Union | sowe o charakterze wierzycielskim
Zréwnowazony
DWS Polska FIO |DWS 40-65% akcje, instrumenty oparte o akcje, | 05.01.1998
Zroéwnowazony Polska pozostate $rodki to instrumenty finansowe o
charakterze wierzycielskim
SEB FIO Subfundusz | SEB <=70% akcje, pozostate $rodki to instrumenty | 01.06.1998
SEB Zréwnowazone- finansowe o charakterze wierzycielskim
go Wzrostu
Noble Funds FIO | Noble 20-80% papiery udzialowe, <=80% instru- | 01.12.2006
Subfundusz Noble | Funds menty finansowe o charakterze wierzyciel-
Fund Mieszany skim

Zrédto: Opracowanie whasne na podstawie: http:/fundusze.wp.pl/wizytowki.html?POD=6
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Tabela 2. Informacje dotyczace analizowanych funduszy inwestycyjnych aktywnej aloka-
CJl.
Nazwa  funduszu | Towarzystwo Polityka inwestycyjna funduszu inwe- | Data rozpo-
inwestycyjnego funduszu inwe- | stycyjnego czgcia  dzia-
stycyjnego falnosci
Pioneer Aktywnej | Pioneer Pekao 0-100% akcje, 0-100% instrumenty | 18.09.2007
Alokacji FIO finansowe o charakterze wierzycielskim
oraz depozyty bankowe
KBC Parasol FIO | KBC 30-70% akcje, pozostate $rodki to in-|26.07.2002
Subfundusz ~ Ak- strumenty finansowe o charakterze
tywny wierzycielskim
BPH FIO Paraso- | BPH <=70% akcje, >=30% instrumenty | 06.06.2001
lowy BPH Subfun- finansowe o charakterze wierzycielskim
dusz  Aktywnego
Zarzadzania
PZU FIO Opty-|PZU 0-100% akcje, 0-100% instrumenty | 20.12.2007
malnej Alokacji finansowe o charakterze wierzycielskim,
0-100% instrumenty pochodne
AIG Fundusz Ak- | AIG 20-80% akcje, pozostate srodki to in-|03.11.2006
tywnej Alokacji strumenty finansowe o charakterze
wierzycielskim, <=10% papiery warto-
sciowe o statym dochodzie i depozyty
bankowe utrzymywane dla celéw zarza-
dzania pltynnos$cia
Allianz FIO sub- | Allianz Polska | 0-80% akcje, $rednio 45% akcje i obli- | 16.12.2005
fundusz Allianz gacje zamienne, 55% to instrumenty
Aktywnej Alokacji finansowe o charakterze wierzycielskim
o terminie wykupu dluzszym niz rok
SKOK Parasol FIO | SKOK 0-100% akcje, pozostate $rodki to in- | 18.07.2005
Subfundusz SKOK strumenty finansowe o charakterze
Aktywny Zmiennej wierzycielskim (obligacje skarbowe)
Alokacji

Zrédto: Opracowanie wlasne na podstawie: http:/fundusze.wp.pl/wizytowki.html?POD=6

ANALIZA MODELU SHARPE’A, WSKAZNIK SHARPE’A,
WSKAZNIK TREYNORA

Model Sharpe’a pozwala zbada¢ wplyw zmian zachodzacych na rynku, ktére
w naszym badaniu odzwierciedla indeks WIG, na ksztaltowanie sig stop zwrotu
funduszy. Oprdcz tego umozliwia analize ryzyka ocenianych funduszy. W zwiazku
z tym dla analizowanych funduszy oszacowano MNK modele jednowskaznikowe
na podstawie szeregow czasowych M3 — M24. Oceny parametru beta wszystkich
funduszy, niezaleznie od dlugosci analizowanego okresu, byly statystycznie istotne
i zawieraly si¢ w przedziale (0; 1), a skorygowany wspotczynnik determinacji
w wigkszosci przypadkow oscylowat wokot 0,90. Oznacza to, ze analizowane fun-
dusze byty funduszami defensywnymi.
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Tabela 3. Zbior portfeli bardziej efektywnych niz rynek: fundusze zréwnowazone

Zbior portfeli bardziej efektywnych niz
Sharpe’a

rynek wyznaczonych za pomoca wskaznika
Treynora

dla szeregu

3- miesi¢cznego

Arka BZWBK,

PKO/Credit Suisse Zréwnowazony
FIO,

ING FIO Zréwnowazony,

Skarbiec Waga FIO Zrownowazony,
Millenium FIO Subfundusz Zrow-
nowazony,

Commercial Union FIO subfundusz
CU Zréwnowazony,

DWS Polska FIO Zréownowazony.

e PKO/Credit Suisse Zréwnowazo-
ny FIO,

e ING FIO Zréwnowazony,

e Commercial Union FIO subfun-
dusz CU Zréwnowazony.

dla szeregu

6- miesigcznego

Arka BZWBK,

PKO/Credit Suisse Zréwnowazony
FIO,

ING FIO Zréwnowazony,

Skarbiec Waga FIO Zréwnowazony.

e PKO/Credit Suisse Zréwnowazo-
ny FIO,

e Arka BZWBK,

e ING FIO Zréwnowazony.

dla szeregu

12- miesigcznego

Arka BZWBK,

Skarbiec Waga FIO Zrownowazony,
DWS Polska FIO Zréwnowazony
PKO/Credit Suisse Zréwnowazony
FIO.

ING FIO Zréwnowazony.

Nie istnieje

dla szeregu

24- miesigcznego

Arka BZWBK,

UniFundusze FIO subfundusz Uni-
Korona Zréwnowazony,

PZU FIO Zréwnowazony

DWS Polska FIO Zréwnowazony.

PZU FIO Zréwnowazony.

Zrodto: Opracowanie wlasne.
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Tabela 4. Zbior portfeli bardziej efektywnych niz rynek: fundusze aktywnej alokacji

Zbior portfeli bardziej efektywnych niz rynek wyznaczonych za pomoca wskaznika

Sharpe’a

Treynora

dla szeregu 3- miesigcznego

Zbior portfeli bardziej efektywnych niz rynek
wyznaczonych za pomocg wskaznika Sharpe’a

Zbior portfeli bardziej efektywnych niz rynek
wyznaczonych za pomocg wskaznika Treynora

dla szeregu

3- miesigcznego

Pioneer Aktywnej Alokacji FIO,

BPH Aktywnego Zarzadzania Sub BPH Para-
solowy FIO,

AIG Fundusz Aktywnej Alokacji,

Allianz FIO Subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacjidla szeregu 3- mie-
sigcznego.

Pioneer Aktywnej Alokacji F1O,

AIG Fundusz Aktywnej Alokacji,

Allianz FIO Subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji.

dla szeregu

6- miesigcznego

Pioneer Aktywnej Alokacji F1O,

Allianz FIO Subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji.

Pioneer Aktywnej Alokacji FIO,

AIG Fundusz Aktywnej Alokacji,

Allianz FIO Subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji.

dla szeregu

12- miesigcznego

Pioneer Aktywnej Alokacji F1O,

AIG Fundusz Aktywnej Alokacji,

Allianz FIO subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji.

Pioneer Aktywnej Alokacji FIO,

AIG Fundusz Aktywnej Alokacji,

Allianz FIO Subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji.

dla szeregu

24- miesigcznego

Allianz FIO Subfundusz Allianz Aktywnej
Alokacji,

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji.

SKOK Parasol FIO Subfundusz SKOK Ak-
tywny Zmiennej Alokacji

Zrodto: Opracowanie wlasne.

Ocena efektywno$ci inwestycji przeprowadzona na podstawie wskaznikow

Sharpe’a oraz Treynora polegala na poréwnaniu warto$ci miernikdw wyznaczo-
nych dla funduszy oraz indeksu rynku w analizowanych podokresach. Liste fundu-
szy bardziej efektywnych niz WIG przedstawiono w tab. 3 i 4. Przykladowo dla
szeregu 3-miesigcznego stwierdzono, ze (tab. 3): PKO/Credit Suisse Zréwnowazo-
ny FIO, ING FIO Zréwnowazony oraz Commercial Union FIO subfundusz CU
Zréwnowazony charakteryzowaly si¢ lepszymi wynikami niz rynek. Fundusze te
wypadly korzystnie zaro6wno biorac pod uwage ryzyko systematyczne, jak i catko-
wite. Funduszami, ktore przynosily zyski w przeliczeniu na jednostkg ryzyka cat-
kowitego, za$§ straty w przeliczeniu na jednostke ryzyka rynkowego byly: Arka
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BZWBK, Skarbiec Waga FIO Zréwnowazony, Millenium FIO Subfundusz Zréw-
nowazony, Commercial Union FIO subfundusz CU Zréwnowazony, DWS Polska
FIO Zréwnowazony.

Warto przy tym zauwazy¢, ze Pionier Zrownowazony FIO, SEB Zréwnowa-
zonego Wzrostu oraz Noble Fund Mieszany byly mniej efektywne niz rynek we
wszystkich analizowanych okresach. Natomiast Millenium Fundusz Zréwnowazo-
ny oraz Commercial Union Zréwnowazony osiagnely lepsze rezultaty niz rynek
w ostatnich 3 miesiacach prowadzonej analizy. Przy czym Noble Fund Mieszany
i Commercial Union Zrownowazony sa najkrocej dziatajacymi funduszami inwe-
stycyjnymi, poddanymi analizie.

Z kolei biorac pod uwage fundusze aktywnej alokacji (tab. 4) zauwaza sie,
ze dla szeregu M3 lepsze wyniki niz rynek osiagnety takie fundusze jak: Pioneer
Aktywnej Alokacji FIO, AIG Fundusz Aktywnej Alokacji, Allianz FIO Subfun-
dusz Allianz Aktywnej Alokacji i SKOK Parasol FIO Subfundusz SKOK Aktywny
Zmiennej Alokacji. Fundusze te wypadly korzystnie z punktu widzenia zaréwno
wskaznika Sharpe’a, jak i Treynora. Jedynym funduszem, ktory przynosit zyski
wigksze niz WIG w catym okresie analizy byt Pioneer Aktywnej Alokacji, acz-
kolwiek dziatal on krocej niz 2 lata (bo od wrzesnia 2007). Warto tez zauwazyc¢, ze
FIO Allianz Aktywnej Alokacji tylko w jednym badanym okresie osiagnat rezulta-
ty gorsze od rynku i to wylacznie wg oceny wspolczynnikiem Treynora. Z kolei
KBC Parasolowy FIO Aktywny oraz PZU Optymalnej Alokacji nie osiagnety lep-
szych od rynkowych rezultatow w zadnym badanym okresie. Przy czym ostatni ze
wspomnianych funduszy rozpoczal swoja dziatalno$¢ dopiero w grudniu 2007r.

Zbiér funduszy wyznaczonych przy wykorzystaniu wskaznika Treynora,
zawieral si¢ w zbiorze okreslonym przez wskaznik Sharpe’a. Taka sytuacja wynika
z konstrukcji obu wskaznikow. Wskaznik Sharpe’a informuje o premii za ryzyko
inwestora przypadajacej na jednostke calkowitego ryzyka, mierzonego odchyle-
niem standardowym. Natomiast wskaznik Treynora jest zyskiem ponad stopg wol-
na od ryzyka w przeliczeniu na jednostke ryzyka systematycznego.

MODEL CAPM, WSKAZNIK JENSENA

Kolejnym etapem w badaniu efektywnosci portfeli skonstruowanych przez
fundusze inwestycyjne byla analiza modelu CAPM. Zastosowanie linii rynku kapi-
talowego wykazalo, ze wszystkie analizowane fundusze zrownowazone i aktywnej
alokacji byty portfelami nieefektywnymi ze wzgledu na oczekiwana stopg zwrotu
iryzyko calkowite, niezaleznie od rozwazanych okresow. W dalszej kolejnosci
sprawdzono, za pomoca modelu rownowagi rynku papierow warto§ciowych, czy
badane fundusze byly prawidlowo wycenione. W obu grupach funduszy mozna
bylto znalez¢ fundusze przeszacowane dla wszystkich badanych okresow (tab. 5).
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Tabela 5. Lista funduszy przeszacowanych

Fundusze zrownowazone

Fundusze aktywnej alokacji

Pioneer Zrownowazony FIO,
Skarbiec WAGA FIO Zréwnowazony,
FIO Subfundusz

UniFundusze
Zréwnowazony,

Millennium FIO Subfundusz Zréwnowazony,
DWS Polska FIO Zréwnowazony,
SEB FIO Subfundusz SEB1 Zréwnowazonego

Wzrostu,

Nobel Funds FIO Subfundusz Noble Fund

Mieszany.

UniKorona

KBC Parasol FIO Subfundusz Aktywny,

BPH Aktywnego Zarzadzania SUB BPH
Parasolowy FIO,
PZU FIO Optymalnej Alokacji.

Zrodto: Opracowanie wlasne.

Tabela 6. Zbior portfeli, ktorych stopa zwrotu przekraczata oczekiwania pochodzace z
modelu CAPM dla szeregéw or6znej dtugosci

Fundusze zréwnowazone bardziej efektywne niz rynek dla szeregu:

M3 M6 MI12 M24

ING FIO Zréwnowa- | ING FIO Zrownowazony, | Arka BZWBK Zrow- | PZU FIO Zréwno-
zony, Arka BZWBK Zréwno- | nowazony FIO wazony
Commercial ~ Union | wazony FIO

FIO Subfundusz CU

Zréwnowazony

Fundusze aktywnej alokacji bardziej efektywne niz rynek dla szeregu:

M3 M6 MI12 M24

SKOK Parasol FIO | AIG Fundusz Aktywnej| AIG Fundusz Ak-|SKOK Parasol FIO
Subfundusz ~ SKOK | Alokacji, tywnej Alokacji, Subfundusz SKOK
Aktywny  Zmiennej | SKOK Parasol FIO Sub- | Allianz FIO subfun- | Aktywny Zmiennej
Alokacji fundusz SKOK Aktywny | dusz Allianz Aktyw- | Alokacji

Allianz FIO subfun-
dusz Allianz Aktyw-
nej Alokacji,

Pioneer Aktywnej
Alokacji,

AIG Fundusz Aktyw-
nej Alokacji,

Zmiennej Alokacji
Pioneer Aktywnej Aloka-
cji,

Allianz FIO subfundusz
Allianz Aktywnej Aloka-
cji,

nej Alokacji,

Pioneer  Aktywnej
Alokaciji,

SKOK Parasol FIO
Subfundusz SKOK
Aktywny Zmiennej

Alokacji

Zrédto: Opracowanie wiasne.
Niedoszacowanie funduszy zrownowazonych wystepowalo tylko dla poje-
dynczych szeregow czasowych'®
e Arka BZWBK Zréwnowazony FIO dla szeregdw 6-, 12-miesigcznych,

e PKO/Credit Suisse Zréwnowazony FIO dla
miesigcznych,

e ING FIO Zréownowazony dla szeregéw 3-, 6-miesiecznych,

szeregdbw  3-,

6-

'® Wartosci jednostek uczestnictwa wymienionych funduszy, dla pozostatych szeregow,
charakteryzowaly si¢ przeszacowaniem.
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e PZU FIO Zréwnowazony dla szeregu 24-miesigcznego,
e Commercial Union FIO subfundusz CU Zréwnowazony dla szeregu 3-
miesigcznego.
Natomiast sposrod funduszy aktywnej alokacji funduszami niedoszacowa-
nymi we wszystkich badanych okresach byty:
¢ Pioneer Aktywnej Alokacji,
¢ AIG Fundusz Aktywnej Alokacji,
¢ SKOK Parasol FIO Subfundusz SKOK Aktywny Zmiennej Alokacji.
Allianz FIO subfundusz Allianz Aktywnej Alokacji byt funduszem, ktory
byl przeszacowany dla 24-miesigcznego szeregu, za$ dla pozostatych charaktery-
zowat si¢ niedoszacowaniem.
Nastepnym etapem badania bylo wyznaczenie warto$ci wskaznika Jensena,
na podstawie ktdrego wskazano inwestycje oplacalne oraz zbudowano ranking
funduszy wykorzystujac miar¢ wzgledna @,/ ,Bp. Stopy zwrotu zaledwie z kilku

funduszy przekraczaly oczekiwania pochodzace z modelu CAPM (tab. 6). Byty to
portfele niedoszacowane w danych okresach i — zgodnie z przewidywaniami — byty
to przede wszystkim fundusze aktywnej alokacji.

Warto przy tym zauwazy¢, ze zaden z funduszy znajdujacych si¢ w tabeli 6
nie charakteryzowat sig statystycznie istotnym parametrem ¢,. Parametr alfa byl
statystycznie istotnie mniejszy od zera dla PKO Zréownowazony FI1O, Millenium
FIO Subfundusz Zréwnowazony dla szeregow M12 i M24, Noble Funds FIO Sub-

fundusz Noble Fund Mieszany dla szeregu M3 oraz KBC Parasol FIO SubFundusz
Aktywny dla 12 i 24-miesigcznych szeregow.

MODELE TREYNORA-MAZUY’EGO ORAZ HENRIKSSONA-
MERTONA

W celu zbadania selektywnosci oraz wyczucia rynku przez zarzadzajacych
FIO, oszacowano modele Treynora-Mazuy’ego i Henrikssona-Mertona. Oceny
estymatorOw parametrow y, oraz b5, , zamieszczono w tab. 71 8.

Tabela 7. Oszacowania parametru gamma modelu Treynora-Mazuy’ego

Nazwa funduszu ¥, dla szeregu:
Fundusze zrownowazone M3 M6 M12 24M
Pioneer Zrownowazony FIO 0,0578 -0,1355 | -0,6961 -0,2740
Arka BZWBK Zréwnowazony FIO 0,0846 0,2527 0,0401 -0,5253
PKO/Credit Suisse Zrownowazony FIO 0,8713 -0,1996 | -1,3022 -0,7248
ING FIO Zréwnowazony 0,1560 0,2845 0,4407 0,2910
Skarbiec WAGA FIO Zréwnowazony -0,5148 0,6150 -0,2160 -0,0013
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UniFundusze FIO Subfundusz UniKorona| -0,4190 | -0,4082 | -0,5945 -0,7437

Zréwnowazony

PZU FIO Zroéwnowazony -0,04450 | -0,6298 | -0,4901 -0,5819
Millennium FIO Zréwnowazony 0,3604 -0,8395 | -0,5866 -0,2695
Commercial Union FIO Subfundusz CU| -0,5730 | -0,4755 | -0,7175 | fundusz nie
Zréwnowazony istniat
DWS Polska FIO Zréwnowazony 0,2045 -1,1153 | -1,2947 -1,2006

SEB FIO Subfundusz SEB1 Zréwnowazonego | 0,8376 -1,2186 | -0,8687 -0,8939
Wazrostu

Noble Funds FIO Subfundusz Fund Mieszany -0,1374 | -0,0540 | 0,0834 | fundusz nie

istniat
Fundusze aktywnej alokacji
Pioneer Aktywnej Alokacji FIO -0,2803 | 0,4254 | -0,3020 | fundusz nie
istniat
KBC Parasol FIO Subfundusz Aktywny -0,4871 | -0,3294 | -0,6919 -0,0424

BPH Aktywnego Zarzadzania Sub BPH| -0,2480 | -1,6000 | -0,4139 0,0046
Parasolowy FIO

PZU FIO Optymalnej Alokacji 1,7281 0,7569 | fundusz nie istniat

AIG Fundusz Aktywnej Alokacji 0,5067 | 43113 | 4,4848 | fundusz nie
istniat

Allianz FIO Subfundusz Allianz Aktywnej| 0,0499 | -1,7020 | -2,4579 | -2,0262

Alokacji

SKOK Parasol FIO Subfundusz SKOK 0,7305 | -0,1111 | -0,3193 | -0,25793

Aktywny Zmiennej Alokacji

Zrédto: Opracowanie whasne.
Uwaga: Parametry statystycznie istotne dla poziomu istotnosci 0,05 oznaczono pogrubiona
czcionka.

Sposréd 19 analizowanych funduszy, tylko dla czterech z nich ocena esty-
matora parametru y, byta dodatnia we wszystkich analizowanych okresach. Byly

to fundusze: ING FIO Zréwnowazony i Arka BZWBK Zréwnowazony FIO oraz
AIG Fundusz Aktywnej Alokacji i PZU FIO Optymalnej Alokacji. Mozna zatem
uznaé, ze zarzadzajacy tymi wiasnie funduszami mieli dobre wyczucie rynku
i odpowiednio zwigkszali badZ zmniejszali ekspozycje na ryzyko rynkowe w za-
lezno$ci od warunkéw panujacych na rynku. Wniosek ten zostal potwierdzony
statystyczna weryfikacja tylko w stosunku do funduszy: ING FIO Zréwnowazony i
AIG Fundusz Aktywnej dla 12-miesigcznego szeregu.

Dla wigkszo$ci analizowanych modeli oceny estymatora parametru ¥, byly

ujemne. Fundusze zréwnowazone: UniFundusze FIO Subfundusz UniKorona
Zroéwnowazony, PZU FIO Zréwnowazony oraz Commercial Union FIO Subfun-
dusz CU Zrownowazony, a takze jeden fundusz aktywnej alokacji - KBC Parasol
FIO Subfundusz Aktywny charakteryzowaty si¢ ujemnymi warto$ciami parametru
¥, dla wszystkich badanych szeregow (tab. 7). Fundusz BPH Aktywnego Zarza-
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dzania Sub BPH Parasolowy FIO dla wigkszo$ci podokreséw charakteryzowat si¢
ztym wyczuciem rynku, jednak dla najdtuzszego szeregu czasowego fundusz byt
dobrze zarzadzanym portfelem.

Wystepowaly takze fundusze, ktore w wigkszosci okresow wykazywaty ne-
gatywny wpltyw techniki market timing (tab. 7), jednak w pojedynczych okresach
byly one dobrze zarzadzanymi portfelami. Przyktadem takich funduszy sa: Pioneer
Zroéwnowazony FIO, PKO/Credit Suisse Zrownowazony FIO, Skarbiec WAGA
FIO Zréwnowazony, Millennium FIO Zréwnowazony, DWS Polska FIO Zréwno-
wazony, Noble Funds FIO Subfundusz Fund Mieszany i SEB FIO Subfundusz
SEB1 Zrownowazonego Wzrostu, a takze: SKOK Parasol FIO Subfundusz SKOK
Aktywny Zmiennej Alokacji, Allianz FIO Subfundusz Allianz Aktywnej Alokacji,
Pioneer Aktywnej Alokacji FIO. Dla wigkszosci tych funduszy, parametr y,

przyjmowat dodatnie (aczkolwiek nieistotnie rozne od zera) wartosci dla 3-, badz
6-miesigcznych szeregdw. Oznacza to, ze zarzadzajacy rozpatrywanymi fundu-
szami w niewielkim stopniu umieli wyczu¢ rynek w analizowanych okresach i nie
dostosowali struktury portfela do warunkéw panujacych na gietdzie.

W dalszym postgpowaniu zweryfikowano hipotezy o istotnosci parametru
o, modelu Henrikssona-Mertona. Okazalo sig, ze w przypadku funduszy: PZU

FIO Zréwnowazony, Allianz FIO Subfundusz Allianz Aktywnej Alokacji i SKOK
Parasol FIO Subfundusz SKOK Aktywny Zmiennej Alokacji dla 24-miesi¢cznych
szeregdw przyjeto hipoteze o dodatniej wartoSci tegoz parametru, co potwierdza
umiejetnosci przewidywania w skali mikro. Innymi stowy zarzadzajacych tymi
funduszami wykazali si¢ umiejetnosciami w zakresie doboru papieré6w wartoscio-
wych, tak aby otrzymywaé¢ dobre wyniki inwestycyjne. Nastepnie zbadano wyczu-
cie rynku, ktore polegato na weryfikacji hipotez w odniesieniu do parametru f, b

W tab. 8 oznaczono symbolem ~ brak podstaw do odrzucenia hipotezy zerowej, co
swiadczy o tym, ze dany portfel nie charakteryzowat si¢ dobrym wyczuciem rynku.
W sytuacji przyjecia hipotezy alternatywnej podano jej postac.

Tabela 8A. Testowanie statystycznej istotnosci parametru [, , W tescie Henrikssona-

Mertona dla funduszy zréwnowazonych

Nazwa funduszu M3 M6 MI12 24M

Pioneer Zréwnowazony FIO ~ ~ ~ ~
Arka BZWBK Zrownowazony FIO ~ ~ ~ ~
PKO/Credit Suisse Zréwnowazony FIO ~ ~ ~ ~
ING FIO Zréwnowazony ~ ~ ~ ~
Skarbiec WAGA FIO Zréwnowazony ~ ~ ~ ~
UniFundusze FIO Subfundusz ~ ~ ~ ~
UniKorona Zrownowazony
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PZU FIO Zréwnowazony ~ ﬁ2p <0 ~ :sz <0
Millennium FIO Zréwnowazony ~ ﬁ2p <0 ,sz <0 ~
Commercial Union FIO Subfundusz CU ~ B,,<0| B, <0 fundusz nie
Zréwnowazony i i istniat
DWS Polska FIO Zrownowazony ~ ~ ~ :sz <0
SEB FIO Subfundusz SEB1 ~ ~ ~ ~
Zréwnowazonego Wzrostu

Noble Funds FIO Subfundusz Fund ~ ~ ~ fundusz nie
Mieszany istniat

Zrodto: Opracowanie wlasne.

Jak wida¢ w tab. 8 dla ostatniego okresu M3 zaden z funduszy nie byt do-
brze zarzadzany. Statystycznie istotna dodatnia warto$¢ parametru £, , Wystapita

tylko dla Funduszu AIG Aktywnej Alokacji w przypadku 12-miesigcznego okresu
analizy. Dla takich funduszy jak: PZU FIO Zréwnowazony dla 6- i 24-
miesiecznych szeregdw, Millennium FIO Zréwnowazony dla 6- i 12-miesiecznych
szeregow, Commercial Union FIO Subfundusz CU Zréwnowazony dla 6- i 12-
miesigcznych szeregéw oraz DWS Polska FIO Zréwnowazony dla szeregu M24
przyjeto hipotezg o ujemnej wartoéci parametru S, ,. Podobnie jak w przypadku

funduszy aktywnej alokacji: KBC Parasol FIO Subfundusz Aktywny dla szeregu
M12, BPH Aktywnego Zarzadzania Sub BPH Parasolowy FIO dla szeregu M6,
Allianz FIO Subfundusz Allianz Aktywnej Alokacji dla 12- i 24-miesigcznych
szeregobw. Oznacza to, ze wprawdzie zarzadzajacy posiadali umiejetno§¢ wyboru
momentu zawarcia transakcji, ale wptynelo to negatywnie na warto$¢ portfela.

Zastosowanie dwoch modeli oceny efektywnosci doprowadzito do réznych
wnioskow. Roznice mogly wynika¢ z faktu, ze model Henrikssona-Mertona bada-
nie umiejetnosci wyczucia rynku dzieli na ocen¢ umiejetnosci selektywnosci oraz
umiejetnos$ci wyczucia market timing. Natomiast model Treynora-Mauzy’ego nie
prowadzi do identyfikacji oraz odseparowania tych czynnikow.
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Tabela 8B. Testowanie statystycznej istotnosci parametru beta w tescie Henrikssona-
Mertona dla funduszy aktywnej alokacji

Nazwa funduszu M3 M6 M12 24M
Pioneer Aktywnej Alokacji FIO ~ ~ ~ fundusz nie
istnial
KBC Parasol FIO Subfundusz Aktywny ~ ~ ,sz <0 ~
BPH Aktywnego Zarzadzania Sub BPH ~ B,,<0 ~ ~
Parasolowy FIO ?
PZU FIO Optymalnej Alokacji ~ ~ fundusz nie istniat
AIG Fundusz Aktywnej Alokacji ~ ~ 5,,>0 fundusz nie
g istniat
Allianz F'IO Subfgpdusz Allianz ~ ~ :sz <0 :82;; <0
Aktywnej Alokacji
SKOK Parasol FIO Subfundusz SKOK ~ ~ ~ ~
Aktywny Zmiennej Alokacji

Zrodto: Opracowanie wilasne.

Wsrod analizowanych funduszy nie znaleziono takich, ktore charakteryzo-
waty sig¢ zarowno dobrym wyczuciem rynku wg Treynora-Mazuy’ego oraz umie-
jetnoscia market timing i selektywnoscia wg Henrikssona-Mertona. Natomiast
mozna wskaza¢ fundusze, ktore charakteryzowaty si¢ brakiem obu tych wlasnosci.
Specyficznym funduszem okazal si¢ PZU FIO Zréwnowazony (dla 6 i 24-
miesigcznych szeregdow), ktorego zarzadzajacy charakteryzowali si¢ stabym stop-
niem wyczucia rynku wg Treynora-Mauzye’go oraz umieje¢tno$ciami odpowied-
niego doboru aktywdéw oraz wyczucia rynku wg Henrikssona-Mertona, ktdra
wplywala negatywnie na warto§¢ portfela, czyli proby efektywnego zarzadzania
przyniosty odwrotny efekt do pozadanego.

ZAKONCZENIE

Celem badania byla proba oceny silnej efektywnosci informacyjnej, ktora
przeprowadzono w oparciu o upraszczajace zatozenie, ze zarzadzajacych fundu-
szami inwestycyjnymi, reprezentujacymi inwestorow instytucjonalnych, mozna
posadzac o posiadanie informacji niepublicznych i poufnych. Warto przy tym za-
uwazy¢, ze teoria rynku efektywnego nie wyklucza wystepowania dodatniej selek-
tywnosci ,,u niektérych menedzeréw w niektorych okresach”!’. Staboscia przepro-
wadzonego badania moze by¢ okres analizy, ktory nie dos¢, ze krotki to przypadh
na okres gltownie trendu spadkowego na Gieldzie Papierow Wartosciowych w
Warszawie. Jednakze zarabianie na gietdzie w okresie hossy nie wymaga szcze-
gblnych umiejetnoscei. Dlatego wydaje sig, ze rzeczywistym sprawdzianem umie-
jetnosci ekspertow finansowych jest wiasnie bessa na rynku.

7 Czekaj i in. [2001], s. 133.
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Z przedstawionych wynikéw badan mozna wnioskowac, ze fundusze inwe-
stycyjne zréwnowazone i aktywne] alokacji nie byly w analizowanym okresie za-
rzadzane w sposob efektywny. Chociaz wyciagnigte wnioski nie tylko nie daja
jednoznacznej odpowiedzi, ale czasem sa ze soba sprzeczne. Wynika to z faktu, ze
wykorzystane metody oceny efektywnosci inwestycji opieraja si¢ na réznych kry-
teriach. Wskazniki Sharpe’a i Treynora pozwalaja stwierdzi¢ czy inwestycje fun-
duszy byly bardziej efektywne niz rynek. W przypadku miernikéw Jensena ocena
dotyczy stopy zwrotu z inwestycji w poréwnaniu do oczekiwan wynikajacych z
modelu CAPM. Modele Treynora-Mazuy’ego oraz Henrikssona-Mertona pozwala-
ja na odpowiedzie¢ na pytanie czy zarzadzajacy posiadali umiejgtnos¢ przewidy-
wania w skali mikro badz umiejetno$¢ w zakresie wyczucia rynku.
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Investigation of the Strong Form Efficient Market Hypothesis:
the Example of Selected Investment Funds

Abstract: The aim of the research is evaluation of the efficiency of 19 se-
lected open-end investment funds that have been operating at the Polish mar-
ket. Analysis is based on daily data and covers the period from November, 2,
2006 to November, 2, 2008. Investigation is provided for the time series that
contain observations from 3, 6, 12 and 24 months. The risk-free instruments
are represented by selected treasury bonds and the market index is repre-
sented by the WIG (Warsaw Stock Exchange Index). In the research we ap-
ply Sharpe, Treynor and Jensen ratios as well as we investigate selectivity
and market timing employing Treynor-Mauzy and Henriksson-Merton mod-
els.

Keywords: open-end investment funds, investment efficiency evaluation, se-
lectivity, market timing
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Streszczenie: W modelu regresji liniowej stosowane sa dwie miary wpltywu
zmiennych niezaleznych na zmienna zalezna: wspodtczynnik determinacji
oraz wspoélczynnik korelacji czastkowej. W pracy zaproponowane jest
uogolnienie tych miar i skonstruowana jest miara wptywu grupy zmiennych
niezaleznych z wyltaczeniem wptywu pozostatych zmiennych niezaleznych.

Stowa kluczowe: miara dopasowania, wspotczynnik determinacji, korelacja
czastkowa, analiza regresji

Zatozmy, ze obserwacje Y; pewnej zmiennej losowej mozemy przedstawi¢ w
postaci

Yi=PBix1i+ -+ Bixpi &, i=1,..,n (*)

gdzie xy;, k=1,..,p, i =1,...,n, sa znane, 34, ...,Bp sa nieznanymi wspotczyn-
nikami regresji, natomiast &;, i = 1,...,n, sa zmiennymi losowymi o rozktadach
normalnych o zerowej wartosci oczekiwanej i wariancji a2.

Jednym z pytan stawianych w analizie modeli (*) jest pytanie o wplyw
zmiennych niezaleznych na cech¢ Y. W zastosowaniach wykorzystuje si¢ w zasa-
dzie dwie miary: miarg tacznego wpltywu wszystkich zmiennych niezaleznych oraz
miar¢ wplywu pojedynczych zmiennych (z eliminacja wptywu pozostatych). Jest to
powszechnie znany wspotczynnik determinacji oraz wspotczynnik korelacji czast-
kowej. Sciste okreslenia tych poje¢ mozna znalezé w bardzo bogatej literaturze
poswigcone] analizie regresji (w spisie literatury podanych znalez¢ kilka takich
ksiazek). Podane miary niestety nie udzielaja odpowiedzi na pytania o wptyw grup
wybranych zmiennych niezaleznych na zmienng zalezna, np. jak zmierzy¢ wplyw
zmiennej x, oraz x, z wyltaczeniem pozostalych zmiennych? W dalszym ciagu za-
proponowana jest taka miara. Pokazano rowniez, ze wspotczynnik determinacji
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oraz wspotczynnik korelacji czastkowej sa szczegolnymi przypadkami tej ogolniej-
szej miary.

W dalszych rozwazaniach znacznie wygodniej jest si¢ postugiwac zapisami
macierzowymi. Model liniowy (*) w zapisie macierzowym ma postaé

Y=XB+e¢

gdzie Y’ = [V3, ..., Y,] jest wektorem obserwacji, B’ = [By, ..., Bp] jest wektorem
nieznanych parametrow, & = [g4, ..., &,] jest wektorem bteddéw losowych oraz

X11 Xp1

X12 Xp2
X = :

X1n Xpn

jest macierza eksperymentu. Zgodnie z poczynionymi zatozeniami wektor losowy
Y ma n-wymiarowy rozktad normalny:

Y ~ N, (XB,c%1,)

Niech teraz X = [X; ! X,], gdzie macierze X; oraz X, sa macierzami o wymiarach
odpowiednio nx(p — q) 1 nxq. Niech wektor parametrow f bedzie podzielony
odpowiednio na dwa podwektory f; i B, zgodnie z podzialem macierzy X.
Interesuje nas zmierzenie wptywu na zmienna zalezna zmiennych zawartych w
macierzy X,. Niech B oznacza estymator wektora § w modelu z macierza X

B=XX)XY

natomiast niech B, bedzie estymatorem najmniejszych kwadratow wektora B w
modelu z ograniczeniami B, = 0 (Zielinski 2007):

B =B - (X'X)7'AlA'(X'X)"'A] " AB
Tutaj A = [Onx(p_q) | q] jest macierza ograniczen, tzn. §, = 0 jest rownowazne

temu, ze AB =0 (0 oznacza, w zaleznosci od kontekstu, wektor lub macierz
zerowa, I; oznacza macierz jednostkowa wymiaru q).

Wektor obserwacji ¥ mozemy zapisac jako

Y- XB,=(XB—-XB,)+(Y—XB+XB,)

Zauwazmy, ze wektory X — XB, 1Y — XB + XB, sa ortogonalne. A zatem
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¥ = xBil" = |XB — XBu” + ||V — XB + X |

gdzie ||-||? oznacza kwadrat dtugo$ci wektora (w normie euklidesowe;).
Jako miare¢ wplywu zmiennych zawartych w macierzy X, przyjmujemy

|xB -~ xB4|”

R2(X,) = —
¥ - XB, |’

Twierdzenie. Zmienna losowa
R(X,) n-—gq
1-R*(Xy) ¢
ma niecentralny rozktad F z (q,n — q) stopniami swobody i parametrem niecen-
tralnosci B'A[A'(X'X) Al AB, gdzie A = [0pxp—q) i I4]-

Dowod. W dowodzie korzystamy z dobrze znanych faktow dotyczacych rozktadow
prawdopodobienstwa form liniowych i kwadratowych wektoréw losowych o wie-
lowymiarowym rozktadzie normalnym.

Latwo sprawdzi¢, ze

W) _ |XB-xBl°  _  BAAXX)'4)4B
1-%°(X;) v - xB-xBy)|° VUn—AAXXA]AY

Macierz I, — A'[A(X'X)71A’]A jest idempotentna, wigc w mianowniku
mamy zmienna losowa o centralnym rozktadzie chi-kwadrat z (n — q) stopniami
swobody. Poniewaz wektor losowy B ma rozklad N, (B,02(X'X)™1), wiec w licz-
niku mamy zmienna losowa o niecentralnym rozktadzie chi-kwadrat z q stopniami
swobody i parametrem niecentralnosci 8’'A'[A(X'X)"1A’']AB. Licznik i Mianow-
nik sg niezaleznymi zmiennymi losowymi i stad wynika teza twierdzenia.

Pokazemy teraz, ze wspotczynnik determinacji oraz wspdtczynnik korelacji
czastkowej sa szczegolnym przypadkami miary R*(X,).

Wspotczynnik determinacji jest miara wplywu wszystkich zmiennych niezaleznych
X1, -, Xy Na zmienna ¥ w modelu

Yi=Lo+P1x1;++Pmxmi +& 1=1,..,n

W zapisie macierzowym
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1 X1 - X Bo
x=|; T 7 tme o p=|f)
1 Xin " Xmn .Bm

Macierz X i wektor parametréw mozna podzieli¢ na X; = 1,,,

X110 Xma B

X “ee X .1
Xz = 12 m2 ) B1 = [Bol, B =! : ]

xlTl eee xmn ﬁm

W tym modelu mamy p = m + 1, ¢ = m oraz

'y n 1;1X2] 1 M k’
XX_[1,,X'2 X5 X, (X'X)" _[ ]

gdzie L™ = X} X, =~ X31,1,X,, k' = == 17,X,L oraz M =~ + k'Lk (ogdlny
wzor na odwrotnos¢ blokowej macierzy 2 X 2 mozna znalez¢é w np. Rao 1982,
Zielinski 2007). Estymator najmniejszych kwadratoéw wektora # w pelnym modelu
ma postac
3 M k’” ] M1', +k'X2]Y
k1', + LX'
tzn.
by = (M1, + K'X,)Y, B, = (k1, + LX})Y

Estymator wektora f8; w modelu z ograniczeniami okre$lonymi macierza
A =10, I,,] wyraza si¢ wzorem

O R e

K117 -1 1 >
S[L ]ﬂ:[bo l(;L BZ]=[n1’nY= ]
m Om m

Om Ome

gdzie Y = %ZYL-. Poniewaz XB, = Y1, wiec (Y = XPB)
n

IXB - XB.||" = (7 - v 1,)(¥ = v 1,) = Y (% 7)’
i=1

oraz
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v =XBu|* = (v = P 1)(¥ = P 1,) = Y (- V)2

Wspotczynnik determinacji, wyrazany zwyczajowo w procentach, okreslony
jest wigc w nastgpujacy sposob

D = R2(X,) - 100% 22(2——1/‘)2
2 I(Y; - 7)?
Z twierdzenia otrzymujemy
Wniosek. Zmienna losowa
D n—m
100D m

ma niecentralny rozktad F z (m,n —m) stopniami swobody i parametrem
niecentralno$ci B5,X5 (I, — 1,1;,)X,B-.

Wspotczynnik korelacji czqstkowej jest miara wplywu jednej ze zmiennych
niezaleznych na zmienna Y w modelu
Yi =B0+,81x1i+~-+ﬁmxmi+ei, [ = 1, e, n
Wyprowadzimy odpowiedni wzér dla zmiennej x,. Dla uproszczenia zapisu

model zapisujemy w postaci
Yi = ﬁo + Bzle' + -+ ,B’mxmi + ﬁlxli + & i = 1, e, N

W zapisie macierzowym

1 X1 0 X1 Xn1 [’gg]
x=|; B el pe
1 Xn = X X1n ,Bﬁm
1
Macierz X i wektor parametréw mozna podzieli¢ na
1 x31 - Xm X11 Bo
1 X ves X X12
X, = : 22 mZ Xy = : Bi= 'BZ B = [p1]
1 X - Xmm X1in Bm
W tym modelu
X'1X, 1x2] xx)1=[M k
X'X = XX, x',x, XX~ = [k’ L]

gdzie
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1
L= )
x5%; — X,X; (X1 X1) 71 X%,

k’ = —L(X;Xl)_lelszl, M = (X;Xl)_l - ka,

Ograniczenia opisane sa za pomoca wektora [0y, : 1]. Po wykonaniu odpo-
wiednich obliczen otrzymujemy, ze miarg wplywu zmiennej x; na Y jest

(xy (I — X1 (X1 X,) ' XDY)?

2 —
W) = G, X X XD @ (T — X, G X XDx,)

Wspotczynnik korelacji czastkowej miedzy Y a x; okreslony jest jako

/‘RZ (x2) i oznaczany Ry (x,)(x,,..x,)- Zhak tego wspolczynnika jest oczywiscie

zgodny ze znakiem x5(I,, — X;(X;X;)"'X})Y. Z twierdzenia otrzymujemy
nastgpujacy wniosek

Whiosek. Zmienna losowa

Ré(xl)(xzv"lxm)
1 — R?

Y(xl)(le---,xm)
ma niecentralny rozklad F z (1,n—m — 1) stopniami swobody i parametrem

niecentralnoéci BZx5 (I, — X; (X1 X)) 1 Xx,.

ln—-m-1)

Dodatkowa zmienna. Niech Y = X + €. Przypu$émy, ze do modelu wita-
czamy jeszcze jedna zmienna niezalezna, tzn. Y = X + zy +n = Wé + n, gdzie
W=[X:z], §=[B:y] oraz n jest wektorem btedow losowych. Tutaj z jest
wektorem n-wymiarowym reprezentujacym wiaczana zmienna, natomiast y jest
nieznanym wspotczynnikiem regresji. Wyznaczymy wspotezynnik R*(W) i porow-
namy go z RA(X).

Estymatorem najmniejszych kwadratow wektora & jest oczywiscie & =
W'wW)"lWw'y. Mamy

X'X X’Z]

w'w = [Z’X z'z

oraz

1 1y)—1 T
Ww)-! == [C(X X) ’+ aa a]
c —-a 1

gdziea = (X'X) Xz orazc = 2/ (I, — X(X'X)"1X")z. Zatem
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Z(I, - XX'X)"1X)Y
(I, - X(X'X)"1X)z
Z(I, - X(X'X)"1X)Y |

z(I, - XX'X)"1X")z

b (X'X)-1X'z]

|
-
|

Poniewaz

B Z'(I, — X(X'X)"1X")Y i
Wd = Xb+ iz Un ~ XX 07Xz

wiec

(z' (I, - X(X'X)"'X")Y)?
z/(I, - X(X'X)"1X")z

Iwd|l? = |IXblI* +

Zatem R*(W) >R*(X), tzn. model z dodatkowa zmienna nie gorzej odtwarza
zmienna zalezng niz model bez niej.
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Generalized measure of fit in a linear model

Abstract: In a model of linear regression two measures of fit are used:
coefficient of determination and coefficient of partial correlation. A
generalization of those measures is proposed and a measure of influence of a
group of independent variables excluding an influence of remaining variables
is constructed.

Keywords: measure of fit, determination coefficient, partial correlation,
linear regression
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