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Aim and scope

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal that
promotes both, statistical science and profession, theory and applications. It focuses
statistical methods developed and applied in economy, business processes and social
sciences in a very broad meaning. It targets a very wide audience of statisticians, whether
they are scientists, professionals, educators or students, influencing modern economy,
business and society.

Rejection Rate: 30%

The journal does not have article processing charges (APCs) nor arficle submission charges
The goal of the CREBSS journal is to demonstrate how statistical science, research design and
analysis methods play important roles in economy, business and society. The journal targets
the current issues regarding the official statistics data production, and discusses the broad
variety of applied statistical problems that might be outcomes of scientific survey research
design, experimental design or observational study in economy, business and for different
social issues, respecting the overall turbulent influences caused by the modern ICT and
software development.

In this respect, the CREBSS journal fosters the exchange of ideas, experience and knowledge
among statisticians.

Papers submitted for publication should be original theoretical, practical and applied
papers. The journal also publishes case studies describing innovative applications and critical
reviews of statistical theory.

The anonymous double-blind peer review by the two independent reviewers is applied to all
the papers.

Why submit

The CREBSS journal is a good opportunity for publication of research focusing either on
staftistical theory or on staftistical methods applications in economics, business and social
issues. Areas such as finance and commerce, management, marketing, and also in
agriculture, industry, construction, engineering, demography, psychology, sociology, law,
politics, opinion polling, government, education, biomedical and physical sciences, health
and medicine, pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT
and quality issues are welcome. Stafistical data collection, processing, compilation,
dissemination, and data exploration and analysis, with organizations, regions, countries, or
persons as possible units or levels of the analysis, all might be of interest. Since any interesting
topic and applications of statistics are welcome, there are no restrictions to subject matters.
Papers emphasising current concerns regarding statistical theory and challenging applied
problems in multi- and cross-discipline issues (such as computational statistics, data mining
and pattern recognition, simulation modelling, or related to optimization, mathematical
programming, efc.), resulting with new staftistical approaches are of special interest. It is
expected that papers are methodologically well sounded, and that real life problems are
freated, showing novel solutions.

Similarity Check Plagiarism Screening System

The editorial board is participating in a growing community of Similarity Check System's users
in order to ensure that the content published is original and trustworthy. Similarity Check is a
medium that allows for comprehensive manuscripts screening, aimed to eliminate plagiarism
and provide a high standard and quality peer-review process.

Detailed description of the Similarity Check System can be found at:
https://www.crossref.org/services/similarity-check/

Supplementary Materials available for the online version of the journal: Open Access License,
Editorial Ethical Policy, Guidelines for Reviewers, Paper Template, Paper Template, Instructions
for Authors
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Editorial for the Special Issue: “Advances in
Statistical Modelling for Economic Policy-
Making” in Croatian Review of Economic,

Business and Social Statistics

Blagica Novkovska
University of Tourism and Management, Faculty of Economics, Skopje,
Republic of Macedonia
b.novkovska@utms.edu.mk

Irena Palié¢
University of Zagreb Faculty of Economics and Business, Department of
Statistics, Zagreb, Croatia
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Sabina Hodzié¢
University of Rijeka, Faculty of Tourism and Hospitality Management,
Department of Public Finance, Opatija, Croatia
sabinah@fthm.hr

DOI: 10.2478/crelbss-2018-0007

We are very delighted to present the special issue of Croatian Review of Economic,
Business and Social Statistics (CREBSS) on advances in statistical modelling for
economic policy-making. CREBSS is the first statistical journal established in Croatia
and published by Croatian Statistical Association (CSA).

Statistical modelling is essential for analysing various aspects of economic policy.
Economic policy analysis has evolved considerably over decades with the
development of statistical modelling. There are often public debates regarding the
adequate responses of economic policy makers to economic fluctuations. Sound
statistical modelling should provide the basis for appropriate decision-making at
macro and micro level, and thus the issue of statistical modelling gains in
importance.

This special issue brings nine papers that cover using statistical research methods
and models for the analysis of fiscal, monetary and energy policy, health and sports
quantitative analysis, survey methods and price indices as well as for digital society
analysis.

In the field of using statistical methods in fiscal policy making, Noveski (2018) brings
the interesting analysis of the impact of budget deficit on economic fluctuations in
the Republic of Macedonia, supporting the Ricardian equivalence theory. Namely,
research outlines that budget deficit does not have statistically significant impact on
GDP per capita. Moreover, Kanli¢ and Abdi¢ (2018) assess the correlation among
data on value added tax turnover available from monthly survey with data obtained
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on macroeconomic level in Bosnia and Herzegovina. Authors did not find statistically
significant difference in the results produced from these two sources. Results
confribute to optimization of providing statistical data through reducing survey
conducting costs.

Moreover, this issue brings the econometric analysis of monetary, namely
exchange rate policy in Croatia, Serbia and Macedonia. Bucevska and Mojanoski
(2018) use vector error correction modelling to analyse the determinants of real
exchange rates in three mentioned countries. They indicate that vector error
correction modelling of exchange rate and selected determinants is proper for the
case of Croatia, while for Serbia and Macedonia it is not adequate.

Regarding using statistical methods for analysing energy policy, the paper of
Zekic-Susac et al. (2018) assesses whether clustering procedure enhances the
performance of neural networks in predicting energy efficiency of public buildings.
Authors conclude that the prediction accuracy is not increased by clustering.

Furthermore, this issue brings the analysis of the impact of probabilistic sampling
strategy on quality of price indices provided by Croatiaon Bureau of Statistics
authored by Seljak et al. (2018). Authors point out that in industries with low
concentration the ignorance of service prices of small units could distort price
indices notably.

The paper of Gheno (2018) tackles the problem of many patient cancellations in
health sector and presents a new Bayesian method for estimating the probability of
the cancellation of the health visits based on specific factors such as age. The
proposed method is applied to the real case and compared to various
methodologies.

Two papers in this issue address finance and labour issues in sports economics.
FUrész (2018) examines the existence of correlation between the European football
clubs' activity in the transfer market and their profitability of transfers. The research
indicates that the economic profit from transfers does not depend on the amount of
transfers. Rappai and Firész (2018) analyse how to deal with heteroskedasticity in
athletes’ labour demand functions. Mentioned paper examines footballer transfer
fees in top European leagues and pinpoints a threshold for which the fraditional
market mechanisms are not appropriate. World-class athletes can be considered
prestige goods for which demand may be irrational.

Knowing that this century belongs to the digital economy, meaning that we all
witness the increase of online businesses and e-commerce for goods and services,
and recognizing the Digital Society provides new opportunities and challenges for
companies and their employees (see Mondekar, 2017) Zmuk and Miihajlovi¢ (2018)
analysed how economic and digital development level indicators influence the
percentage of individuals who are booking online for travel and accommodation in
European countries. Since the Digital Economy has given especially huge challenge
in Southeast Europe, the authors have been focused on the Western Balkan
countries, which might help creators of development strategy across these countries.

Finally, we believe that this special issue will provide interesting basis and open the
perspective for further research of various aspects of economics using statistical
methods and models.
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Abstract:

Although a decade has passed since the global financial and economic crisis of
2008, the expansionary fiscal policy in Macedonia can still be felt, primarily through
an increased level of public expenditures aimed at stimulation of the economic
growth. From 2008 onwards, the Republic of Macedonia has continuously recorded
a negative budget balance, which affects the resources allocation and the overall
economic situation. The question that arises is whether such interference by the
Government in the functioning of the market economy is necessary, especially
having in mind the EU regulation in this area. Using a multiple regression model for
the period 1996-2015, this paper examines the impact of the budget deficit on Gross
Domestic Product (GDP) per capita in Macedonia. Results show that the budget
deficit is not a statistically significant determinant of GDP per capita, supporting thus
the Ricardian equivalence theory. The analysis is conducted on the basis of statistical
data from the World Bank's database, as well as data from the National Bank of the
Republic of Macedonia. Household final consumption expenditure, the
unemployment rate and the official exchange rate of the Macedonian Denar
against the U.S. Dollar are also taken into consideration as controlling variables. GDP
per capita and household final consumption expenditures are in current prices, with
natural logarithms applied, whereas the other variables are in nominal terms. The
purpose of this paper is to provide an insight into the empirical relationship between
the two main variables of interest and to initiate further discussion and analysis.
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Introduction

Macroeconomic effects of the budget deficit are subject of vast debate among the
economists, but also complicated issue to reach wider consensus, especially after
the global financial and economic crisis. Empirical findings in this area vary
considerably, depending on the countries and factors taken into account in the
analysis, as well as methods used to process and evaluate data.
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Three main schools of economic thought address the issue of the
macroeconomic effects of the budget deficit: Neoclassical, Keynesian and
Ricardian (Bernheim, 1989). Neoclassical school of thought generally represents the
view that the budget deficit has negative effects on economic growth, causing real
interest rates to grow and private investments to crowd out of the economy (Barry,
Devereux, 1992). Opposite of this view is the Keynesian approach, which points out
the counter-cyclical effects of the fiscal policy and the role of the budget deficit as
a stabilizer of the economy, emphasizing thus the multiplicative economic effects of
the budget deficit, or the “crowding-in" effect (Eisner, 1989). The differences
between these two schools of thought arises essentially from their approach and
initial assumptions. Keynesian paradigm primarily describes the effects of temporary
budget deficits, whereas neoclassical paradigm is focused on the permanent
deficits (Bernheim, 1989). Additionally, Keynesian view allows for the possibility that
some economic resources are unemployed, and assumes that aggregate
consumption is very sensitive to changes in the disposable income (Tas, 1992). As a
modification of the Neoclassical standard analysis, Barro (1989) focuses on an
alternative theory associated with the name of David Ricardo, or the so-called
"Ricardian equivalence theory", which supports the view that budget deficit does
not have direct impact on the interest rates and economic growth. According to this
theory, increased public consumption, sooner or later, has to be paid and hence the
present value of increased taxes in the future corresponds with the additional public
spending in the current year, assuming that public expenditures will remain
unchanged. In other words, the reduction of taxes in the current year must
correspond with the same increase in the present value of future taxes. Besides these
three, another alternative view is the “German view”, or the Expansionary Fiscal
Contraction (EFC) hypothesis, that under certain circumstances fiscal contraction
might result in overall economic expansion. This hypothesis is based on the empirical
evidences in some EU countries, primarily Denmark and Ireland (Giavazzi, Pagano,
1990).

Although the budget deficit is linked to the fiscal policy of the government, it has
its own implications to the monetary policy as well. Namely, in order to maintain
stability of the prices in the economy when governments run budget deficit, central
banks must conduct restrictive monetary policy. Contrary to the efforts to boost the
economy, such limitations lead to reduction in private investments and private final
consumption, in particular consumption of durable goods. In a situation where
household consumption and private investments are significant drivers of the
economic growth, the question that arises is whether it is truly justified to conduct
expansionary fiscal policy, and more importantly, to run budget deficit. Usually,
regardless of the provenance, political parties after they come to power, prefer the
so-called policy of moderate budget deficits, highlighting its positive effects on the
economy. No government wants to give up on the attractive capital projects, or to
reduce pensions and wages, especially in pre-election period.

In the past period Republic of Macedonia has continuously recorded negative
budget balance (with only few exceptions), irespective to the economic cycles. This
resulted in a gradual increase of the public debt, which has reached its maximum of
48.5% of GDP in 2016 (Ministry of Finance of the Republic of Macedonia, 2017),
imposing the need for fiscal consolidation (Trenovski, Tashevska, 2016). However,
when it comes to the macroeconomic effects of the budget deficit in the Republic
of Macedonia, having in mind the aspirations for EU membership, European
legislation in this area is also important. Among other things, the Republic of
Macedonia must fulfil certain requirements regarding fiscal policy, budget deficit
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and public debt, in order to start the membership negotiations. Generally, European
regulatory framework provided in the Maastricht Treaty of 1992, Stability and Growth
Pact, as well as in some other related documents, states that budget deficit and
public debt should be within the framework of 3% and 60% of GDP correspondingly,
striving for a balanced budget in the medium term. Hence, Macedonian
Government needs to take these two aspects into account: the impact of the
budget deficit on the economic growth and sustainability, and the
abovementioned EU requirements.

As a support for the creators of the fiscal policy in Macedonia, this paper
addresses the hypothesis that budget deficit has positive and statistically significant
influence on the gross domestic product (GDP) per capita of Macedonia, as
indicator for the overall economic development. Without going into the structure of
the public expenditures and their effectiveness and efficiency, as well as in the tax
and customs policy of the country, the focus is on the partial macroeconomic
effects. Although this paper provides preliminary empirical analysis, it enriches the
scientific literature in this field, for Macedonia and beyond, and brings new
perspectives for further research and discussion.

Literature review

Given that many countries in the world face imbalances in the state budget,
macroeconomic implications of the budget deficit are widely examined in the
empirical literature. Following previously elaborated theoretical views, very often
researchers come up with contradictory empirical findings, supporting some of these
theories. Saleh (2003) provides an extensive theoretical and empirical literature
review, presenting these differences. The main purpose of his study is to conduct an
overview that might be useful for construction and development of models for
analysing the macroeconomic impact of the budget deficit. Different conclusions
can be reached depending on the quality of the data as well, or the methodology
applied. Good example of such contradictory empirical results can be found in the
case of Pakistan. Namely, Fatima et al. (2012) investigate the relationship between
the budget deficit and economic growth in the period 1978-2009, based on a
mulfiple regression (log-log model) estimated using the OLS method. They find
significant and negative impact of the budget deficit on the economic growth,
supporting the neoclassical theoretical view. Opposite of that, for almost the same
sample period (1976-2006), Nayab (2015) using VAR and VECM models, co-
integration analysis and causality tests, finds positive impact of the budget deficit on
the economic growth, supporting the Keynesian view on this issue.

Hubbard (2012) provides economic analysis of the government budget deficit in
the United States. He finds modest crowding-out of the private investment in U.S., but
he also raises his concern about the implications that large increases in the public
debt could have on the real interest rates in the country, as well as on the
imbalances in the structure of the savings. He points out that the frajectory of
government spending will eventually increase the tax burdens and hence lead to
reduction of the capital formation, economic growth and living standard.

For our closer surrounding, Gurgul and Lach (2012) analyse the existence of causal
dependencies between economic growth and budget/trade deficits for the period
2000-2009 in ten CEE countries in transition. Using Granger causality tests they find
evidence that large budget deficit hinders economic growth and its tendency
towards more developed EU economies. Similarly, Tesi¢ et al. (2014) addressed this
issue for the example of Serbia, taking into account the “twin deficit” hypothesis.
Based on the descriptive statistics of the data, they find that growing budget deficit



Croatian Review of Economic, Business and Social Statistics (CREBSS)

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) Vol 4, No. 2, 2018, pp. 5-14

in Serbia in the past years and the dominant external financing do not go in favour
of the economic development, hence should not be used to boost the economic
growth.

For the case of the Republic of Macedonia, Trenovski and Tashevska (2016)
elaborate Macedonia’s fiscal politics, public debt, and fiscal sustainability. They
recommend gradual fiscal consolidation in order to create fiscal space, ensure debt
sustainability and build fiscal buffers. Fiscal consolidation should be achieved by cuts
in the current expenditures, reforms of the pensions and social benefits, as well as
prioritization of the capital expenditures. On the other hand, having in mind the
Government’s strategic decision to maintain low and flat tax, they suggest the
increase of the public revenues to be done by expansion of the tax base and
improving of the tax collection efficiency. They also emphasize the need of good
coordination between the fiscal and monetary policy, as prerequisite for achieving
the macroeconomic goals of the country.

Fiscal consolidation is recommended every fime when discussing the
consequences of increased budget deficit. However, it should be carried out
carefully, since it might cause decrease in the output and the final consumption
(Keynesian view). Expansionary Fiscal Contraction (EFC) hypothesis on the contrary,
claims that under certain circumstances, a major reduction in government spending
will expand private consumption, resulting in overall economic expansion. Bergman
and Hutchison (2010) test this hypothesis for the Danish fiscal reform from 1983. They
combine structural VAR with an event study element to provide empirical evidence
that consumption and output in Denmark were strongly stimulated by the fiscal
confraction. However, it is important to highlight that their results are valid only for
large and credible fiscal consolidations. Effects of the fiscal consolidations in EU are
also examined by Giudice et al. (2003). Based on the cross-country analysis, they
provide evidence that fiscal consolidations obtained, through expenditure cuts
rather than revenue increases, are followed by an acceleration of the economic
growth. Similarly, Briotti (2005) elaborates on the conditions under which
consolidations should be carried out, without threatening the economic growth. The
conclusion is that under some circumstances austerity measures might lead to
economic expansion.

Data and methodology

For the purposes of this research data from the World Bank database, for the period
from 1996 to 2015 (20 observations), have been used (World Bank, 2017). The only
exception regarding the data source is the budget balance of the Republic of
Macedonia, which is taken from the National Bank of the Republic of Macedonia
(National Bank of the Republic of Macedonia, 2017). The methodological approach
is consisted of development and estimation of relevant econometric model that
would examine the relationship between the budget deficit and gross domestic
product (GDP) per capita in Macedonia. Considering the limitations of the small
sample size, as well as the infention to take info account other relevant factors, the
developed model is a multiple regression, expressing GDP per capita as a function of
the budget deficit, household final consumption expenditure, unemployment and
the official exchange rate of the Macedonian Denar against the U.S. Dollar. Since
GDP per capita and the household final consumption expenditure are expressed in
current U.S. Dollars, log terms are applied to these variables. Current U.S. Dollars are
used for these two variables in order to assure consistency between the variables,
since methodologically the budget deficit is calculated using nominal GDP.
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Given that the focus of this paper is primarily on the relationship between the
budget deficit and GDP per capita, three other independent variables are used for
conftrol purposes, to avoid omitted variable bias. The selection of these control
variables was preceded by a broad analysis of many other factors, such as inflation,
real interest rates, money supply, public debt, foreign investment, etc. The aim of this
approach was to investigate the influence of as many macroeconomic and
monetary indicators as possible, and to select only the most statistically relevant
determinants of GDP per capita. On the other hand, this selection process also
served as a solid test for the robustness of the estimated coefficient of the budget
deficit, since it remained statistically insignificant regardless of the model
specification. The reason why the analysis addresses these variables is their
theoretical and empirical connection to the economic growth. For example, final
consumption can be an important driver of the economic development, whereas
unemployment could lead to an increase in the gap between the potential and real
GDP. Also, inflation can sometimes boost the economy and lead to nominal GDP
growth, but it undermines the stability of the economy and can negatively affect the
investments. However, many of these variables were excluded from the final model,
either because they were statistically insignificant, or violated some of the
assumptions of the classical linear regression model (CLRM), primarily causing
multicorellation (Gujarati, Porter, 2009).

As for the model estimation, the ordinary least squares (OLS) method was used as
an estimation technique, accompanied by a series of diagnostic tests that have
been performed to check the fulfilment of the assumptions of the CLRM. Although
there are many different models and methods of estimation that can be applied in
the analysis of this issue, this particular model is chosen because of its simplicity and
widely affrmed empirical reliability.

Prior to the model estimation, the analysis covered descriptive statistics of the
data (presented in Table 1), correlation and unit root test. Augmented Dickey-Fuller
(ADF) test was used in this regards, whereby, based on the graphical illustration, for
three of the variables (GDP per capita, household final consumption expenditure
and unemployment) besides the intercept, a tfrend component was also included in
the calculation. However, shifts and structural breaks in the data were not taken into
account for any of the variables.

Table 1: Descriptive statistics

Variable Mean Median Max Min St. Dev. | Obs. | Integ.

GDP per capita 3,402.0 3,181.7 | 5,469.2 | 1,774.8 | 1,384.5 20 | 1(2)
Net lending (+) / Net 18 1.4 24| 59 21 20 10
borrowing (-)

Household final 5.2 5.2 7.9 2.6 211 20/ 112)
consumption expenditure

Unemployment 32.9 32.3 37.3 26.1 3.1 20 | 1(2)
Official exchange rate 51.0 49.0 68.0 40.0 7.9 20 | 1(2)

Source: Author's calculation.

Econometric model

As a response o the global economic crisis, Macedonian Government has decided
for a continuous fiscal stimulus of the economy in the following period, guided by the
Keynesian approach. The intentions were to increase the output and the production
by undertaking measures aimed at the aggregate demand. However, the
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increasing frend of the GDP per capita that followed might not be necessarily
related to the expansionary fiscal policy of the Government and the budget deficit
per se. On the contrary, the correlation coefficient between these two variables
indicates rather weak statistical relationship (-0.32 for the whole sample, or -0.5 for
the period from 2008 onwards).
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Figure 2: GDP per capita and budget balance of Macedonia
Source: World Bank, 2017, National Bank of the Republic of Macedonia, 2017.

Based on the provided theoretical and empirical literature, in order to further
investigate this relationship, the following econometric model of GDP per capita is
developed:

GDP=f(DEFICIT, HFCE, UN, EXC), (1)
where GDP — GDP per capita (in current US Dollars), DEFICIT — Budget balance (% of
GDP), multiplied by (-1), HFCE — Household final consumption expenditure (in current

US Dollars), UN — Unemployment rate, EXC — Official exchange rate.

Estimated parameters of the model are presented in Table 2. Based on these
estimates and with respect to the dominant theoretical views, can be noted that the
variable of interest, budget deficit, has estimated coefficient of -0.00236, which
means that an increase in the budget deficit of 1 percentage point would cause
average decrease in GDP per capita of 0.24%, everything else equal. However, this
estimated coefficient is stafistically insignificant even at 0.1 significance level
(p=0.3286), meaning that Ho: B1=0 cannot be rejected, supporting thus the Ricardian
equivalence theory. As for the other estimated coefficients, in order not to expand
the scope of the paper, they will not be subject of discussion.

Table 2: Model estimates

Dependent Variable: LOG(GDP)

Independent Variables Coefficient Std. Error t-Statistic Prob.
C -9.5353%0 0.393312 -24.2438 0.0000
DEFICIT -0.002360 0.002337 -1.0098 0.3286
LOG(HFCE) 0.836385 0.014580 57.3653 0.0000
UN -0.022204 0.001874 -11.8458 0.0000
EXC -0.006392 0.000783 -8.1624 0.0000

Source: Author's calculation.

10
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Regarding the goodness of fit, the model is statistically significant at 0.01
significance level (F=3,310), with adjusted R? coefficient of 0.9986. The estimated
model fully meets all of the assumptions of the classical linear regression model,
meaning that residuals are normally distributed, with zero mean and constant
variance, and no serial correlation of first and second order. Also, there is no
multicollinearity and the model is correctly specified.

Table 3: Model diagnostics

Test | Null hypothesis test stat. |prob. | conclusion
Heteroskedasticity
White  fest  {no 3.22 |0.521 | HO noft rejected
cross terms) ) )
Brousch-Pagan Residuals are homoskedastic .
Godfrey fest 2.83 10.587 | HO noft rejected
Serial correlation
Durbin-Watson Is there 1st ordred serial .
statistics correlation 207 No serial correl.
LM test No 1st order serial correlation 0.17 |0.684 | HO noft rejected
No 2nd order serial correlation 0.23 |0.892 | HO noft rejected
Residuals unit root
ADF test ‘ Residuals have unit rooft -4.61 ‘1E—O4 ‘ HO is rejected
Multicollinearity
Correlation Correlation coefficients of the X's r<0.8 No mulficoll.
VIF (for all X's) No multicollinearity VIF<5 HO not rejected
Normal distribution of the residuals
Jarque-Berra test ‘ Residuals are normally distributed 2.21 ‘0.332 ‘ HO not rejected
Model specification
Errors in the spec. (1 fitted term) 0.01 |0.914 | HO noft rejected
Ramsey RESETtest e s in the spec. (2 fitted terms) 0.55 |0.591 | HO not rejected

Source: Author's calculation.

However, the unusually high R? coefficient might be an indicator of a spurious
regression, moreover when most of the variables are non-stationary at levels. Theory
suggests that in case of spurious regression R2 is greater than Durbin-Watson (DW)
statistics (“rule of thumb™), and there is high risk of type | error, or false rejection of the
null hypothesis Bi=0 (Baumohl, Lyocsa, 2009). In this case DW statistics is around 2
(R2<DW), all CLRM assumptions are met, and the null hypothesis for the main
parameter of interest (budget deficit) is not rejected anyway, so the selection of the
OLS method as most appropriate can be considered as justified. Also, one needs to
be aware of the small sample size, which might be inadequate for some other
available techniques (co-integration analysis, VAR and VECM models, etc.). The
reliability of these alternative models heavily depends on the number of included
lags, which also determines the number of parameters that need to be estimated.
Small number of degrees of freedom in that case might seriously affect the
efficiency of the estimates, or even make the estimation impossible.

Limitations and assumptions

Although the estimated model can be considered as stafistically significant and
reliable, several important limitations and assumptions related to the overall political
and economic situation in the country need to be emphasized. Namely, the most
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important limitation when it comes to the Republic of Macedonia is the absence of
fully implemented, standardized and comparable methodology for government
finance statistics (GFS), which inevitably leads to differences in the fiscal data when
compared to the other countries, especially EU member countries, due to the
different method of calculation. Another source of miscalculations could be the lack
of strictly defined data exchange channels between the public institutions in the
country and the absence of integrated IT software for public finance management
to support the data collection and management. These limitations could significantly
affect the model results and even lead to irrelevant conclusions. Therefore, data
from reliable data sources is used, but still the quality and comparability are
questionable and thus very strong assumptions.

Other very important and strong assumption is the effectiveness and efficiency of
the public finance management in the country. In order to analyse the frue
macroeconomic implications of the budget deficit, the effectiveness and efficiency
in the revenue collection process, as well as in the public spending should ne on the
highest possible level. In this regards, strong institutional system, consisted of well
developed, independent and integrated institutions is assumed.

Conclusions

As a main subject of this paper, the focus is primarily on the empirical effects of the
budget deficit in Macedonia to GDP per capita. One of the main responsibilities of
the government is to provide good environment for sustainable development of the
country, making optimal use of the available resources. However, having in mind the
size and the power of the economy, the government must be very careful about
every action it takes, since it might have serious consequences. Although public
finance management is huge responsibility, it is at the same time powerful tool for
setting the path towards the long-run goals and strategic priorities.

Based on the above elaboration, one can conclude that the economic theory
and the empirical literature do not provide clear consensus regarding
macroeconomic effects of the budget deficit. Namely, depending on the level of
development of the country, its specific socio-economic and political environment,
as well as the quantitative methods applied, results may significantly vary, supporting
different theoretical views. In the case of the Republic of Macedonia, based on a
multiple regression model and empirical data for the period from 1996 to 2015,
budget deficit is not statistically significant explanatory variable of GDP per capita,
even at 0.1 significance level. However, having in mind the limitations related to the
country’s specifics, one could not jump into conclusion that budget deficit is bad for
Macedonian economy. On the contrary, the conclusion would be that it does not
directly affect the dependent variable, given the political and economic
environment, although it might have impact on the other determinants of the
economic growth, as suggested by the theory. Therefore, this should be a base for
further, more detailed analysis.

Although Macedonian budget deficit and public debt are within the EU
framework, there are still risks that might arise. Macedonian government should
urgently stop the increasing trend of the public debt and stabilize the budget deficit,
in order to strengthen the long-run sustainability of the economic growth. Further
accumulation of public debt could have negative consequences on the credit
rating of the country and cause difficulties for financing the deficit, in terms of higher
interest payments. In addition, lower budget deficit will relax the pressure on the real
interest rates in the economy and the overall monetary policy, hence will provide
good environment for stable economic growth. Despite of the concerns that fiscal
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consolidation would inevitably lead to decrease in the output and consumption,
contemporary empirical literature in this area provides evidences that if carried out
properly, fiscal consolidation might even have positive impact on the economic
growth in medium term.
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Abstract

The transfer market of European football can be classified as a system. In this system,
the effectiveness of participant tfeams can depend on the activity in players’
transfers. This article assesses the utility of network analysis in analysing connections
between the mentioned concepts. The hypothesis is that there is causality between
a club's activity in the transfer market and its profit from transfers. This research is
based on empirical fransfer data of major soccer teams, which have had a
significant role in the last 12 years in Europe. It is assumed that the most active clubs
in the transfer system have more financial power in the transfer market, while teams
which are not active in transfers have less profit from transfers. In the network
analysis, the teams can be defined as a set of nodes and connected by edges
(interactions). The thickness of the edges and the size of the nodes depend on the
volume of fransfers among clubs. The number of interactions and the amount of the
transfer price can measure this volume also. Considering the results of network
indices, the relationships between the two phenomena were reviewed. In order to
explore these relationships, the correlations among all of the relevant variables in the
transfer market were also measured.
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Infroduction

Thanks to the decades long of confinuous growth of sport and to fact that it has
practically developed into an autonomous industry the economic researches
related to sport are increasingly appreciated. Of course, the most important issues
are the resources (which is also the highest value), the human capital that is the
studies of the athlete himself from various aspects. One of the most important key
drivers of sport is competition, which in the professional sphere also means economic
success beyond the success of the sport. The emphasis, of course, is on sport
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successes (national and international), because these successes entail the result of
economic growth (Dobson, Gerrard, 1999). In order to maintain success, the clubs
make a great effort to develop the best players, aiming not only to strengthen their
own team but also to weaken their opponents. Given the fact that in the world of
professional sports usually there are economic companies behind the associations, it
is presumed that retaining, selling or buying of a significant athlete is the most
important business issue (Poli et al., 2015).

The processes that have taken place in the European football in the last two
decades provide the topicality of this issue. Thanks to the radical changes in
regulation (e.g. Bosman rule), the international mobility in the European football job
market has drastically increased. The number of foreign players in Europe (one third
of all players) in recent years far exceeds the overall (general) labour market, where
foreigners account for only a few percentages of the workforce (Szymanski, 2014).

The changes in the labour market transfer of the past 12 seasons throughout the
top 50 teams in European football were examined in this research.

According to our hypothesis, sport firms, which invest heavily on human resources
transactions (i.e. active on the transfer market), have better economic results,
because one of the biggest opportunities for club management is the actual
"management"” with athletes.

Many researchers have recognized the applicability of network analysis in this
topic (Kapanova, 2012; Lee et al., 2015), which was primarily a demonstration of
movements in the transfer industry. A more in-depth research on the relations
between the network analysis and transfers was carried out by Liu et al. (2016). In our
analysis the movements of the players' market were examined from an economic
point of view. In addition to descriptive statistics some indices of network analysis
were also used.

Data and results

In the course of our survey, the most important 50 teams (English, French, German,
Italian, Spanish, Turkish and Russian) chosen by us who participated in the European
Championships of the last 12 seasons were analysed (Data are from
transfermarkt.com). In these tournaments there were 3850 real transactions involving
a player purchase between the seasons of 2005/06 and 2016/17. Therefore, the
transfers that were made with a loan contract or without any compensation are not
in this survey. During the last 12 seasons, the top 50 teams have bought and sold
players for more than € 23.5 billion.

All transactions on the transfer market were characterized by eight quantitative
variables, and the existing relationships between them were examined by a
correlation analysis in order to substantiate our initial hypothesis according to which
transfer activity results in economic benefits.

In addition, the main indicators used in the network analysis were also utilized.
Table 1 and Table 2 contain the descriptive statistics of eight variables measured by
all of the 50 teams and the correlations between.

Considering the transactions made during the last 12 seasons in the Top50 teams,
correlation relationships were investigated among the following variables:

e out-degree: an indicator (individual level) used in network analysis, which

represents the number of players sold by each team

e rev_trans (revenue of transfers): revenue from the sales of the players

e in-degree: also known as a network analysis indicator showing the number of

players purchased by each club
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e cost_trans (cost of fransfers): the amount spent by the teams for buying players

e profit_trans (profit of fransfers): the benefits from the sales and purchases of the
players

e value_trans (value of transfers): the amount spent on playing players for each
team

e fransactions: the total number of tfransactions carried out by the certain club

e out-in: the difference between the number of athletes sold and bought

Table 1 Descriptive statistics of eight variables

Var./Desc. stats | Mean Std. deviation | Minimum | Maximum

rev_trans 265,590,460 153,174,865 | 1,280,000 571,550,000
cost_trans 390,401,960 300,254,817 135,000 | 1,338,745,000
profit_trans -124,811,500 218,090,246 | -1,036,270 201,461,000
value_trans 655,992,420 423,872,191 1,415,000 | 1,641,220,000
fransactions 93 30 8 169
out-degree 41 15 5 83
in-degree 52 17 3 91
out-in -11 12 -36 12

Source: Authors’ creation, Transfermarkt, 2018.

Table 2 Correlation Matrix (significant, strong relations marked with italics)

out- rev_ in- cost | profit | value | trans- .
. out-in
degree | trans | degree | _trans | _trans | _trans | action
out-degree 1.000
rev_trans 0.718 1.000
in-degree 0.724 | 0.561 1.000
cost_trans 0.433| 0.718 0.399 | 1.000
profit_trans -0.092 | -0.286| -0.155| -0.872| 1.000
value_tfrans 0.567 | 0.870 0.485| 0.968| -0.721 | 1.000
fransactions 0.917 | 0.682 0.939 | 0.447 | -0.136 | 0.563| 1.000
out-in 0.191] 0.079] -0.538| -0.038| 0.109 | 0.001 ] -0.217| 1.000

Source: Authors' creation, Transfermarkt, 2018.

There is “strong” correlation if the absolute value of correlational coefficient is
more than 0.7. From the correlational coefficients obtained, that in contrast to our
expectations, there is only a weak or negative relationship (-0.136) between the
transaction and the profit (profit trans). In practice, this means that those clubs that
are active in the transfer market typically closed an unprofitable fransfer balance in
the last 12 seasons.

Even more interesting is the strong but opposite correlation (-0.721) between the
total value of transfers (value_trans) and their profit (profit_trans), which can be
interpreted as that clubs selling high-value players typically have a loss on the
transfer market. So, it means that those clubs (starclubs) that can purchase
expensive players can undertake the loss that arose from the selling because of the
sport successes and advertising. On the other hand, smaller clubs have the potential
to buy primarily talented and even cheaper athletes, who are later ready to be sold
as better players to stardom associations with significant benefits.

This is illustrated in Table 3, where the profit rankings from the transfers can be
seen.

The results obtained reflect the correlation calculated in Table 2, namely the
strong negative link between the value of the tfransfers and the profit they derive
from. Therefore, it is easy to see that profitability is typically achieved by smaller
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teams, whereas the star clubs at the end of the ranking are clearly unprofitable. Of
course, browsing over the transfers of the past few years there are examples when a
star team could generate huge profit on some sales and purchases. For example,
the Manchester United, which bought Cristiano Ronaldo from FC Porto for € 19 million
in 2003 and then, 6 years later sold him for 94 million euros for the Real Madrid team.

Table 3 The first and the last 10 clubs from the rankings of the profit made from

fransactions
Rank Team Profit_trans Rank Team Profit_trans
1 Udinese 201,461,000 41 AFC Sunderland -220,895,000
2 FC Sevilla 122,900,000 42 FC Liverpool -274,385,000
3 Espanol 67,300,000 43 FC Bayern Munich -321,650,000
4 OGC Nizza 51,950,000 44 Juventus -340,390,000
5 VFB Stuttgart 50,280,000 45 FC Chelsea -379,080,000
6 Werder Bremen 43,440,000 46 FC Barcelona -525,180,000
7 FC Villarreal 43,335,000 47 Real Madrid -525,900,000
8 FC Getafe 33,230,000 48 Manchester United -544,760,000
9 FC Valencia 26,080,000 49 FC PSG -580,500,000
10 CSKA Moscow 25,325,000 S0 Manchester City -1,036,270,000

Source: Authors’ creation, Transfermarkt, 2018.

There are 1156 cases out of a total of 3850 transactions in the Transfers Network,
where the player has switched a club more than once, so in these cases the
financial results of the transfers can be individually examined. Just as an example:
Fernando Torres in the 2007/08 season transferred from the Atletico Madrid to the
Top50 team FC Liverpool, the transfer amount was € 38 million later he fransferred to
the FC Chelsea in the 2010/11 season and the purchase price was € 58.5 million. As a
result, FC Liverpool earned a profit of € 20.5 million just on the one-player buy-in.

The balance of the 1156 transfers included in the analysis can be illustrated in the
following Figure 1 (the above-mentioned Liverpool buy and sell balance is
represented in the balance of the € 1214.2 at the arrow on the left side):

+226,2 mill€ (214 transf)

+1214,2 mill€
(539 transf)

-568,8 mill€ (403 transf)

Figure 1 Balance of fransfers
Source: Authors' creation.

18



Croatian Review of Economic, Business and Social Statistics (CREBSS)

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) Vol. 4, No. 2, 2018, pp. 15-22

Figure 1 fully supports our earlier findings: the player transfers have a specific
evolution and its steps are the followings:

1. the small tfeams sell the players to the Top50 clubs with positive economic
result (with profit);

2. as long as the players represent a high level of value and there is demand
for them from the leadership of another Top50 team, the seller tfeam can
also benefit from the transfer;

3. finally, a presumably outdated or injured player moves from the Top50 to a
smaller team, but this "big team" already realizes a loss

Our survey is clearly not complete, as in addition to the tfransactions involving the
50 flagship teams, there is no information about our further tfrading, but the results are
so clear that our initial hypothesis can be considered, as justified.

In the second half of our research the labour market were analysed by the main
indicators known from network analysis. One of the main indicator that describes the
network operators shows the number of relations connecting the individual to the
others. This indicator is called the degree of individual network points (degree). In the
case of directional graphs the in-degree and the out-degree of the examined point
differentiate the relationships coming to and starting from the given actor
(Sebestyen, 2011).

Using the degree indicators, i.e. the players bought and sold by each team, the
rank of the 50 clubs were set up. Table 4 contains the top10 individual scores.

Table 4 Number of players bought by the teams

Rank Team In-degree
1 Udinese 91
2 Juventus 86
3 |ASRoma 85
4 Napoli 76
5 Fiorentina 75
6 | Manchester City 72
7 | AFC Sunderland 72
8 Inter 70
9 | Torino 69
10 | Galatasaray 65

Source: Authors’ creation, Transfermarkt, 2018.

It is clear from Table 4 that Italian clubs dominate the ranking of most, while no
Spanish and German teams can be found at all (it might be surprising that Udinese
with its moderate budget has bought more players than the star clubs). It is
important in the aspect of our in-degree examination because in a network at the
level of an individual player level this ranking is the same as the simplest as the
simplest prestige -indicator, so in our case the Italian feams are the most attractive to
the players. This statement is not affected by the fact that there would be a
significant change in the rank if the weighted connections are examined. Instead of
the dominance of the Italian clubs the star clubs would be far ahead of the ranking
(Table 5).
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Table 5 The purchase amount spent on players by each team

Rank Team Cost_fee
1 Manchester City 1,338,745,000
2 Real Madrid 1,041,100,000
3 Manchester United 937,380,000
4 FC Chelsea 931,500,000
5 FC Barcelona 884,670,000
6 FC Liverpool 845,935,000
7 Juventus 809,830,000
8 FC PSG 752,550,000
9 Tottenham Hots. 707,100,000
10 |Infer 654,525,000

Source: Authors’ creation, Transfermarkt, 2018.

Taking into account the number of players sold, the dominant market activity of
the Italians remains, so the most powerful teams - similar to the rank of purchases -
are not in the lead (see Table 6)

Table 6 Number of players sold by teams

Rank Team Out-degree
1 Juventus 83
2 AS Roma 71
3 Tottenham Hots. 69
4 Inter 63
5 Udinese 62
6 VFB Stuttgart 59
7 FC Liverpool 58
8 AC Milan 52
9 Sevilla FC 52
10 Fiorentina 50

Source: Authors’ creation, Transfermarkt, 2018.

In addition to the prestige index, the betweenness-centrality can be also defined
that shows the central actors of the network, and it is based on the fact that those
actors have power who are among others (so they can control the resources flowing
through the network) (Galambosné Tiszberger, 2015). This indicator shows the primary
mediators (brokers) in the European transfer market (Table 7).

Table 7 Ranking based on the mediation activity of the teams

Rank | Team Betw_centr
1 Manchester City 62.93
2 FC Chelsea 57.98
3 FC Liverpool 56.15
4 FC Sevilla 53.04
5 Real Madrid 48.71
6 Juventus 47.65
7 Tottenham Hotfts. 42.42
8 FC Bayern Munich 42.28
9 Athletico Madrid 38.34
10 Manchester United 38.32

Source: Authors’ creation, Transfermarkt, 2018.

It can be seen from the Table 7 that - unlike the results from earlier - the star
associations are more likely to have the role of the mediator in the transfer market.
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The leading rank of the Manchester City is not surprising after that it is one of the
most prestigious (in-degree) team in Europe. So, the players are more likely to
transfer to them thanks for probably the fact that since 2008 the owner is one of the
world's richest Arabic sheikh who has invested enormous amount of money into the
player stock. The team'’s prestige is further enhanced by the fact that he managed
to sign up Guardiola two years ago, who is one of the best coaches in the world
ago.

Looking at the rankings, it is conspicuous that half of the teams from the list of 10
are English, which clearly indicates that they are controlling the European football
market. The reason for this is financial, because the Premier League is the most
valuable league in Europe, which means that the huge amount of money coming
from television broadcasts, marketing and merchandising activities will be greatly
benefited by the teams. The decisive role of the English associations in the transfer
market is due to this revenue and the large number of foreign owners.

Just for an illustration, Figure 2 shows a network of 6 randomly selected team:s.

Barcelona

Manchestey City

other

Bayern Miinchen

Fenerbahce

Real Madrid s

Figure 2 lllustrative network*
*Note: R software was used.
Source: Authors' creation.

It is clear, that the teams in the network are not of the same importance (the size
of nodes shows the value of theirs in-degree). The in-degree of Barcelona is the least
one, what means that they have sold and bought less players then the other clubs
and they did not trade with all the teams in this network. It can be surprise, that
Bayern Munich has the biggest prestige what means that they bought players from
all clubs except of Fenerbahce.

Conclusion

As a result of the analysis, it can be shown that the economic profit from the player
transfer does not depend on the amount of players sold (or the number of players
bought). From this, it can be concluded that the transfer’s profitability of the feams in
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the transfer market is clearly determined by a lucky or knowledgeable purchase,
which is realized as a profit for later after the transfer of the player. It can also be
established that the big businesses in the transfer market are only the result of the
movement for the players among the 50 top teams when a star player is still selling at
the zenith of his career. Otherwise, even the sale of the (previously) most valuable
players cannot be realized with significant profit, presumably because in these cases
the high selling price was preceded by a relatively high purchase price. On the other
hand, teams with more modest budgets are aiming for players who are likely to gain
a lot of profit later.

Looking at the transfer transactions of the European football in the last 12 seasons,
it can be concluded that the game policy of the star clubs is determined by income
from immediate sport successes and marketing. Accordingly, they are able to and
willing to sign on very high-priced players, who would normally only be discarded
when they are replaceable and in most cases they can be sold only at a lower
price. For smaller associations, by contrast, the main transfer industry motivation is the
best investment since in their case the profit realized at each transaction gives them
the opportunity to acquire players that are more valuable.
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Abstract

National Statistical Institutes (NSls) strive to produce short-term business statistics (STS)
indicators with the high quality estimates in a timely manner. NSIs are usually faced
with the challenges, such as differences in definitions, incompleteness of
administrative data, periodicity and timeliness, coverage issues, etc. Administrative
Value Added Tax (VAT) turnover data can be used to partially or completely replace
survey data for the estimation of short-term business turnover indicators. In this paper,
main characteristics of administrative VAT turnover data in Bosnia and Herzegovina
will be examined through cleaning of VAT turnover data and matching them with
survey data. Hence, the main objective of this study is to investigate the relationship
between VAT turnover data and survey data in in Bosnia and Herzegovina. The
Monthly Retail Trade Turnover Indices (RTl) for in Bosnia and Herzegovina will be
estimated by using administrative VAT turnover data. Spearman's correlation
coefficients are used to examine the presence of a linear relationship between VAT
turnover data and survey data. Results gained by using survey and administrative
VAT turnover data will be compared. Based on the results of the analysis, future
challenges and perspectives for expansion of using administrative VAT turnover data
will be identified.

Keywords: administrative data, business statistics, estimation methods, Value Added
Tax (VAT).
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Introduction

Official National Statistical Institutes (NSIs) monitor the development of IT technology
and appropriate software solutions in general, and in particular, using modern
statistical methods, tools and available data sources in order to optimize the
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staftistical production process. The ultimate goal is to produce accurate, timely and
relioble data to meet the needs of data users. NSIs are faced with the need to
optimize the data collection process with the aim of reducing the burden on
reporting units and the cost of survey conducting, especially when it comes to short-
term business statistical surveys. Modern concepts such as Big Data or the use of
available administrative data sources, as a distinctive form of Big Data, make a
significant conftribution to the optimization, but at the same time represent a difficult
and challenging task for the NSls. This is particularly evident through the linking of
administrative data with statistics survey dataq, in order to use the administrative data
for stafistical purposes. Given that VAT data on financial turnover (i.e. VAT data) are
one of the most important administrative data sources for short-term business
statistics (STBS) indicators, this paper will focus on the use of VAT data on financial
turnover for statistical purposes. In addition to the infroductory section, this paper will
describe the basic characteristics of VAT data in Bosnia and Herzegovina (VAT BiH)
such as deadlines, definitions, coverage and content of VAT BiH data and their
"franslation” into the statfistical environment through data cleaning, matching of
administrative units with Statistical Business Register (SBR) units, variables matching,
etc. Based on VAT data, matched with data from the monthly statistical survey on
Retail Trade turnover for BiH (M KPS TRG 01) - section G according to the
Classification of KD BiH 2010, an assessment of the total turnover value and indices
will be carried out for available series for the period January — November 2017. The
aim is to determine whether there is a statistically significant difference in the results
obtained from the statistical survey turnover data compared to data from the PDV
database. At the end of the paper an overview of the future challenges and
perspectives in using of VAT data for statistical purposes is given.

Based on the above, the issue of this paper is the theoretical and empirical
application of statistical methods in the analysis and use of VAT turnover data from
administrative data sources for statistical purposes. The subject of the survey is the
estimation of the tfotal turnover value and the calculation of the Retail Trade
Turnover Index for BiH (RTl BIH) based on the available VAT data and data from the
survey for the Retail Trade activity. For practical reasons and easier data handling,
only growth rates from RTI BiH will be calculated. Taking info account the subject of
the paper as well as the purpose and purpose of the paper, the null hypothesis is
defined as follows: There is no statistically significant difference in the results of RTI BiH
obtained by using VAT turnover data and estimated data collected through
statistical survey.

Literature review

The definition of administrative data sources itself and its basic characteristics show
that their primary purpose is not to meet the needs of official statistics (United
Natfions, 2011). Therefore, the use of administrative data sources for statistical
purposes has many advantages and disadvantages (Wallgren, Wallgren, 2007). The
ESSnet AdminData Project is one of the largest projects in the EU dedicated to the
use of administrative data for the production of Business statistics. This project
considered practical issues of EU NSIs regarding use of administrative data sources
for statistical purposes. As a result of this project, a large number of papers have
been prepared with reference to practical experience in using the administrative
data for statfistical purposes (ESSnet AdminData, 2013). Possibilities of using
administrative data sources for statistical purposes have been investigated by many
authors with practical examples of NSIs from EU countries (Orchard et al., 2011, Sirvio,
2011, Ortega-Azurduy et al., 2011).
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From statistical point of view, coverage of administrative data is usually
incomplete (below certain threshold) and has to be estimated in order to be used
for statistical purposes. Ortega-Azurduy et al. (2011) have been focused on
estimation methods for incomplete sets of administrative data used in the
production of STS. The paper identified two situations that exist when compiling STS
using administrative data:

e The Admin data are complete when the estimates have to be produced and

can considered being representative for the population.

¢ The Admin data are not complete when the estimates have to be produced

and cannot consider being representative.

By using standard quality indicators (bias, error) they evaluated above mentioned
methods and showed that both approaches provide accurate results under stable
economic conditions. Sirvid (2011) considered in more experimental — practices
about the use of administrative data for monthly turnover estimates in case of
unavailability of VAT data when estimates have to be made and in case when VAT
data are not representative for the entire population (relatively small group
dominated by enterprises belonging to a certain activity).

Somun-Kapetanovic et al. (2016) gave detailed review of potential administrative
data sources, which could be used for production of STS indicators in BiH. Currently,
there are no available scientific papers, which directly deal with the issues of
comparing administrative VAT and survey data on financial turnover in production of
official short-term turnover indices for BiH. Until now, all financial short-term turnover
indicators for BiH are produced in official statistics institutes in BiH by using data
collected through statistical surveys. This paper will significantly confribute to
theoretical and empirical analysis of VAT turnover data, examination of their
characteristics and use in production of official turnover indices for BiH.

Using administrative data for statistical purposes

Administrative data sources are a very topical issue in many professional papers
describing the different practices of NSIs in their use for statistical purposes. A large
number of NSIs of the European Union countries intensively use various administrative
data sources for statistical purposes. Examples of good practices regarding the
development and availability of administrative data sources and their successful use
are certainly the Nordic countries (Sweden, Denmark and Norway) and their NSls.
However, one of the first limiting factors affecting their use is the issue of data
confidentiality. In addition, the problem with which NSIs in Europe and the world
generally face is unavailability of administrative data sources in the timeliness and
periodicity required to produce stafistical indicators, most commonly the STBS
indicators. In addition, one of the problems of using VAT data for statistical purposes
may be the difference in definitions.

The NSIs practice has shown that, for the successful use of VAT turnover data in
statistical purposes, it is necessary to fulfil at least two conditions: that the definitions
of financial turnover are aligned and that the periodicity of these data is
appropriate. Among the most important factors influencing the use of administrative
data sources in statistics (United Nations, 2011) are: observation units, variables
definition, and timeliness, inconsistency between different sources, missing data and
resistance to change (frequent revisions). Most NSIs rely on administrative data
partially, while a number of NSIs use administrative data completely. In other words,
they use the total or partial replacement of statistical data with administrative data.
In the EU countries, the partial use of administrative data on financial furnover is most
often the result of data incompleteness, either due to the late submission of data by
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the enterprise or due to prescribed different periodicity for different sizes of the
enterprises. The practices of NSIs of individual EU countries have been described in
the papers (Orchard et al., 2011, Sirvio, 2011, Ortega-Azurduy et al., 2011), as a result
of The ESSnet Admin Data Project. Large companies with their data on realized
financial turnovers directly influence (participation in most cases between 65% and
90% of total turnover) on the phenomena movement. In addition, although large
companies in all countries are VAT taxpayers, due to the complexity of their
organizational structure (often organized as a group of companies) and their large
influence on the level of phenomena, they must be monitored through survey.

For small and medium companies, it is possible to entirely rely on VAT turnover
data. The first step in using the VAT turnover data is certainly matching with the
Statistical Business Registry (SBR) and properly defining the enterprise’s code of
activity, as well as the coverage of the units, i.e. whether there is under coverage
between administrative and statistical data (Sanderson et al., 2013). In order to fully
use VAT datq, it is necessary to analyse the completeness of data between the
periods (missing values). In case administrative data are not complete, the most
often used methods are the imputations of the turnover value from the previous
period, use of the same period of the previous year or the average of the year.

After the imputations have been made, it is necessary to check the imputation
effects on the total value. It is particularly important to consider the fact that the
estimate of turnover data is performed at micro level (enterprise) or macro level
(aggregation to activity level or higher aggregation levels according to
Classification of Activities). Incorrectly defined activity code of enterprise may have
direct effect on the bias of data.

VAT data in Bosnia and Herzegovina

The statistical system in BiH follows the complex administrative and organizational
structure of BiH, reflecting the quality and availability of administrative data sources
for statistical purposes. A smaller problem is represented by those areas of society
that are regulated at the state level in a systemic way, while certain areas are
regulated in the exclusive competence of the entity level.

A more detailed review and description of some of the most important
administrative data sources in BiH for business statistics is described in the paper of
(Somun—Kapetanovi¢ et al., 2016). Indirect Taxation Authority of BiH (ITA BiH) is a
state-level institution in charge of collecting indirect taxes (VAT and customs) for the
entire BiH. Throughout the form “P PDV”, ITA electronically collects the data on the
realized turnover and the corresponding amount of VAT. According to the Law on
VAT of BiH, all business units, which have annual revenue more than 50,000 KM, are
obliged to register as VAT taxpayers and to pay VAT. In addition, VAT taxpayers are
business units registered for performing foreign trade, international forwarding
business units and manufacturers of excisable products in Bosnia and Herzegovina.
VAT return forms are submitted monthly, up to 10" day in the current month for the
previous (reference) month. Unique VAT rate of 17% is charged in BiH. In addition to
enterprise turnover data, VAT data include also turnover data for both entrepreneurs
as well as physical entities importing certain goods and paying them customs and
VAT. Agency for statistics of BiH (BHAS) receives from ITA BiH the following data on
turnover from the VAT return, which are of importance for business stafistics: the
sale/delivery value, the value of the export and the value of the deliveries exempt
from VAT payments. Sum of these three types of turnover represent total turnover.
According to EU STS Regulation, Variable 120 - Turnover for all STS domains, is defined
in the following way: “Turnover comprises the totals invoiced by the observation unit
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during the reference period, and this corresponds to market sales of goods or
services supplied to third parties. Turnover also includes all other charges (tfransport,
packaging, etc.) passed on to the customer, even if these charges are listed
separately in the invoice.” Eurostat requests from NSIs to produce STS monthly
indicators up to 30th day of the month for the previous (reference) month, with the
exception of 15 days for small countries (less than 1% of GDP in respect of GDP of the
European Union), in accordance with the valid EU STS Reg. 1165/98.

After a long harmonization of the procedure and contents of the VAT data
exchange, BHAS received the VAT data from ITA BiH for the first time as of 22 June
2017, based on the signed Protocol on Data Exchange between these two
institutions. It was agreed that ITA BiH would deliver the VAT database to BHAS as of
22nd in the month, with precisely defined fields for all businesses registered as VAT
payers. This database contains data for the previous (reference) month as well as
the previous 12 months. VAT turnover data is of great importance and usability to
BHAS due to data collection periodicity, data delivery deadlines from ITA BiH to BHAS
and BHAS deadlines for the production of monthly/quarterly turnover indicators for
BiH. RTI BiH is published each 28th day in the month for previous (reference) month. In
comparison with other countries in the region and EU, BHAS is in position that is more
favourable when it comes to timeliness and periodicity. The access to the VAT
database leaves BHAS with capabilities to replace, partially or fully, the survey data
with data from VAT base. It occurs that legal units correct the turnover and VAT data
for the previous periods through VAT database, even up to five years. From the
perspective of official statistics, data correction practices may be reflected in the
revision of the data included in published turnover data by BHAS. Given that the
production of the STS turnover indicators in BiH is based solely on survey data, VAT
data are very useful input for analysis and possible future use for staftistical purposes.
Due to availability of short VAT data series for BiH and lack of individual data for units
from the survey, majority of the analysis will be performed on macro level
(aggregated data). This is the first paper, which deals with the possibility of using VAT
turnover data for stafistical purposes in BiH and should serve as a motive for further
research on this or similar topics.

Monthly Retail Trade Index (RTI) in Bosnia and Herzegovina

For purpose of this paper, we will briefly consider the basic methodological settings
of Monthly survey on Retail Trade Turnover for BiH (M KPS TRG 01). This survey
comprises business entities/legal units, which are registered, by the main activity,
within Retail frade activity — section G, division G47 according to KD BiH 2010, except
retail frade of motor vehicles and motorcycles. In addition, businesses, which are,
according to their main activity, classified in other activities, but also performing
Retail tfrade activity, are included while enfrepreneurs are not included in this survey.
Based on sample frame, taken from SBR, a two-stage stratified sample of statistical
units was selected.

For collecting and processing the data, the combined method of sample and full
coverage is used depending on size of the enterprise (financial class). Primary
stratification variable is the financial data (turnover) from the sample frame and as
second stratification variable, the number of persons employed is used. Stratification
variables in SBR are available in classes, not as individual figures. Business
entities/legal units with annual financial data less than 100,000 KM are excluded from
the sample frame. Sample frame for BiH in 2017 covered totally 2,807 reporting units,
while the selected sample for BiH covers 1,460 units, as follows: 874 for FBiH, 457 for RS
and 129 for BD BiH.
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Data are collected in a traditional way (postal survey - paper questionnaire). After
correction of initial weights for non-response, ratio estimator is used for final
calculation of totals of enterprises per strata. From methodological point of view,
obstacles, which have an influence on quality of data used for RTl BiH calculation,
are method of data collection and use of old financial data for stratification and
calculation of fotals (available for year t-2). Overall response rate is high,
approximately 97%.

Comparison of VAT data and survey data on financial turnover for

Retail Trade Turnover for BiH

Upon receipt of the VAT turnover data, the need to ensure the protection of data
confidentiality was imposed as the first priority activity for BHAS. Hence, initial
matching of the data from VAT database with data from SBR was done. For each
matched legal entity from the VAT database with SBR data, a randomly selected
number replaces the actual 13-digit ID number. This is done because protection of
data confidentiality. Given that the business activity codes in ITA's VAT database
have not been updated in the last 5 years (the old Classification of Activities KD BiH
2005, EU NACE Rev.1.1 is used), for purposes of analysing and processing this data
the activity codes from SBR are used for matched legal units. In this case, by using
code of activity from SBR for each reporting unit, we ensured that the codes are
updated at least on quarterly basis from different data sources. Monthly series on
VAT turnover data also include turnover data for entrepreneurs, while SBR does not
include stratification variables data for them.

Table 1 Number of enterprises and entrepreneurs in VAT database* for Retail tfrade
activity for BiH, 2017

Total Out of which:
Region © %fno. c:cﬁye _ ofh'er status out of No. of
enterprises enterprises in in SBR scope of |entrepreneurs
SBR (inactive) SBR

Federation of BiH 2,653 2,391 191 71 1,894

Republika Srpska 871 785 63 23 1,940

Brcko District BiH 215 181 22 12 198
Bosnia and Herzegovina| 3,739 3,357 276 106 4,032

* Taxpayers with turnover higher than 50,000 KM.
Source: Authors' creation.

As shown in Table 1, by aggregating the units in the VAT database with units in SBR
for the Retail Division (G47) in 2017, 3,357 legal units were matched (activity status in
SBR's "active" and "newly born"), while 276 legal entities identified in the VAT
database and in the SBR have the status of activity "not active", "dormant" and
"unknown".

Altogether 106 legal units are located outside the SBR in the observed period, but
have the data presented in the VAT database. It was determined by verification that
these are legal entities that are not recorded in SBR due to the characteristics of
business demography (newly born in 2017).

In addition, for the purposes of making analysis of data consistency between
administrative and survey data sources, we matched the same enterprises from the
sample frame and selected sample for M KPS TRG 01 survey. Main findings are
presented in Table 2.
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Table 2 Number of units in sample frame, sample and VAT database for Retail
trade survey for BiH, 2017

No. of enterprises - sample frame** No. of enterprises - sample
Paired with VAT data Paired with VAT data
) Number of Out of which | Nnumber of Out of which
Region enterprises VAT no. of Unpai- enterprises VAT no. O.f Unpa-
in SBR turnover | enterprises, red in SBR turnover | enterprises, ired
value 20| VAT turnover value 20| VAT turnover
value =0 value =0
Federation of BiH 1944 1887 64 57 874 864 17 10
Republika Srpska 734 711 24 23 457 443 17 14
Brcko District BiH 129 123 5 6 129 123 5 6
Bosnia and 2807 | 2721 93 86 | 1460 1430 39 |30
Herzegovina

** Criteria: financial turnover higher than 100,000 KM.
Source: Authors' creation.

Comparing the data of the units selected in the sample frame for the M KPS TRG-
01 survey with units in the VAT base, of total number of 2807 units, 86 (3.1%) remained
unmatched because do not have VAT data. Preliminary analysis found that these
are units whose status is the result of changes in business demography (closed
enterprises, dormant). Consequently, 30 units (2.1%) of the selected sample of units
remained unmatched. These changes occurred partially because the frame of the
legal units for survey conducting was taken with the status of SBR from year t-1. Data
for stratification variables in SBR are available from the year -2, compared to the
reference year. Of course, an update is done with the data available through
statistical surveys. In the first phase, an analysis of the degree of data revision for
previous months was made for each ITA's BiH delivery of available 13-month data
series to BHAS. From the entities’ point of view (Federation of BiH, Republika Srpska
and Brcko District BiH), data revision at the legal unit level for total retail trade (G47 to
KD BiH 2010) occurs from month to month. On the BiH level, an average revision is
done for 25 to 30 legal units (out of 2721 matched legal units). The effect of the
revision observed according to the change in the value of turnover on total Retail
trade (G47) for BiH level, ranging from -0.12% to + 0.56% per month. At the level of the
stratum, this difference is slightly higher (up to + 12.5%), but due to the relative
importance of the stratum/the most detailed level of activity aggregation, the
impact on total value is negligible and does not significantly affect the change of
total Retail trade turnover for BiH. For future analysis, it is certainly necessary to
observe a longer set of data at the unit level and to track the size of the revision in
order to determine the data revision policy. In addition, analysis of the VAT data for
G47, showed insignificant presence of negative turnover values stated in VAT return
form. Of 3739 legal entities in the VAT database, 23 units were reported negative
turnover values. Of the total realized turnover of units in division G47 stated in VAT
database for the first 11 months of 2017, the share of recorded negative turnover
values was 0.0086%. Their influences of negative values are negligible for the total
phenomenon and are freated as zero in further processing. The next step is
comparison of turnover data from the VAT database with the statistical data from
the monthly survey M KPS TRG 01 for BiH for the period January - November 2017. The
following three cases have been considered in this paper:
e CASE T: Comparison of monthly turnover growth rates from the M KPS TRG 01
survey (%SUR), estimated for the total sample frame population - 2807
enterprises (see Table 2) with monthly turnover growth rates from the VAT
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database for the same enterprises like in sample frame (%VATFR). Growth rates
are calculated for total G47 and main aggregates.

e CASE 2: Comparison of monthly growth rates from the M KPS TRG 01 survey
(%SUR), estimated for the total population, with growth rates of entire VAT
database — 3739 units (see Table 1), entrepreneurs included (%VATAll+ENTPRN).
Growth rates are calculated for total G47 and main aggregates.

e CASE 3: Comparison of monthly growth rates from the M KPS TRG 01 survey
(%SUR), estimated for the total population, with growth rates of entire VAT
database - 3739 units (see Table 1), entrepreneurs excluded (%VATall-
ENTPRN). Growth rates are calculated for total G47 and main aggregates.

In all three cases, a comparison of monthly growth rates movement was done for
the period January - November 2017. Growth rates were calculated based on
absolute values of turnover for the aforementioned period. The comparison is based
on the basic economic aggregates for the Retail frade for BiH, measured by their
relative importance (G471 - Retail sale of non-specialized stores and G472 - Retail
sale of food, beverages and tobacco in specialized stores, G473 - Retail sale of
automotive fuel in specialized stores and Other retail frade (G474 to G479).

Figure 1 show the trend of monthly growth rates of Retail frade turnover for BiH for
the above cases, for aggregates G471 and G472 while Figure 2 shows the trend of
monthly growth rates for G474 to G479 for BiH.

Aggregation was done according to the relative importance of each branch in
total turnover. In 2017, groups G471 and G472 had approximately 45% share of total
Retail frade turnover for BiH, G473 with 25%, and G474 - G479 groups with 30% share.
Based on the comparison of the chained growth rates of Retail trade turnover for BiH
in 2017 for these cases, we conclude that their movement is relatively stable and
that there is no significant oscillation in the movement of the occurrence level nor
movements in the opposite direction. Data for entrepreneurs from the VAT data
were analysed in order to examine their impact on the overall phenomena, since
they were not included in the M KPS TRG 01 survey. It was found that their impact on
the overall turnover averaged 10%. Turnover data flow for entrepreneurs does not
show a significant seasonal impact, as it is the case with VAT and survey data for
enterprises.

May Jun Aug ep Oct

growth rate, %

Months of 2017

15 - === \/AT datq, excl. enterpreneurs
Survey data
=== \/ AT datq, incl. enterpreneurs
-20 - === \/ AT data, enterprises (Sample Frame)

Figure 1 Monthly growth rates of RTI for BiH, G471 and 472, 2017
Source: Authors' creation.
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Figure 2 Monthly growth rates of RTI for BiH, G474 to G479, 2017
Source: Authors' creation.

1400 +
=== Enterprises and
1200 enterpreneurs,
VAT data
1000
800 Enterpreneurs,
5 VAT data
= 600 -
€
400 - .
=== Enterprises,
200 A survey data
0+ T T T T T T T T T )
Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct  Nov
Months of 2017

Figure 3 Monthly Retail total trade turnover for BiH (G47), 2017
Source: Authors' creation.

In addition, Figure 3 shows the movement of the nominal value of financial
turnover data collected through survey and all data from the VAT database (data
for enterprises and entrepreneurs included). Except for the difference in the level of
phenomena measured by the nominal value of the turnover due to included data
on entrepreneurs, the same trend of the phenomena movement is noticed, with
clear seasonal effect generated by the turnover data for the enterprises. In order to
test the differences in tfurnover growth rates calculated from the VAT database and
M KPS TRG 01 survey for three cases above mentioned, the Wilcoxon Signed Ranks
Test was performed and results are presented in Table 3:
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Table 3 Wilcoxon Sign Ranked Test of monthly Retail trade turnover growth rates
for BiH in 2017, by levels of activity aggregation

Levels CASE 1 CASE 2 CASE 3
%SUR and % VATF | %SUR - BVATQII*ENTPRN | %SUR - %VATall-ENTPRN
G471 and G472 | 7=-0,089 (p = 0,929) =-0,178 (p = 0,859) =-0,000 (p = 1,000)
G473 7=-1,156 (p=0248) | Z=-1,778 (p =0,075) 7=-1867 (p=0,062)
G474 10 G479 7=-0,445(p=0,657) | Z=-1,156 (p =0,248) 7=-1,156 (p = 0,248)
TOTAL G47 7=-1,334(p=0,182) | Z=-1,245(p=0,213) 7=-1,245 (p=0,213)

Source: Authors' creation.

The test results shows that there is no statistically significant difference in turnover
growth rates between VAT and survey data for the period January - November 2017,
regardless the level of aggregation of activity and comparisons of sets from different
data sources (VAT and survey data). In addition, Spearman's correlation coefficients
indicate almost perfect correlation of turnover growth rates from VAT and survey
data for Retail trade statistics in BiH, as given in Table 4.

Table 4 Spearman's correlation coefficients for Retail trade growth rates, BiH, 2017

Case 1 Case 2 Case 3

%V ATF %VATAll+ENTPRN | %VATall-ENTPRN
%SUR Correlation Coefficient .936** .955%* .936**
G471 and | Sig. (2-tailed) .000 .000 .000
G472 N 11 11 11
ZSUR Qorrelofipn Coefficient .982%* .982%* .982**
G473 Sig. (2-tailed) .000 .000 .000

N 11 11 11
ZSUR Qorreloﬁpn Coefficient .936** .918** 891+
G474 - G479 Sig. (2-tailed) .000 .000 .000
N 11 11 11
ZSUR Qorreloﬁpn Coefficient 1.000** 991+ Q9 1%
Total G47 Sig. (2-tailed) .000 .000 .000
ord N 1 1 11

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
Source: Authors' creation

This analysis shows rough estimates of turnover totals from both data sources.
Comparison with previous analyses in BiH is not possible because this paper consider
this topic for the first fime. Results show that VAT turnover data have big potential for
turnover estimates in BiH, at least for small and medium enterprises (partial
replacement of survey data with administrative data). Many NSIs in EU use the same
practices and results are very similar (ESSnet Admin Data, 2013).

Future challenges and prospects in using VAT data in

official statistics of BiH

The start of regular monthly VAT data delivery to BHAS by ITA BiH represents a
significant step forward for BiH's official statfistics, whose ultimate goal is to improve
the quality of STBS indicators for BiH. However, successful reliance on VAT data
requires a very serious and systematic approach to solving methodological
differences in the treatment of VAT turnover data. Drawing on the practical
experience of other NSIs and the theoretical and methodological aspects of the use
of VAT data for statistical purposes, the main challenges for the future use of VAT
turnover data in BiH statistics are:
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- possibility of changing the periodicity of VAT turnover data collection,

- change of registration threshold for VAT taxpayers,

- irregular updating of activity code of the VAT taxpayer by ITA BiH,

- the way of applying VAT data in production of STS indicators by all three
statistical institutions in BiH,

- the availability of human, financial and IT resources that would enable the use
of PDV data for statistical purposes, cooperation between statisticians and ITA
BiH staff with the aim of solving methodological and practical issues related to
VAT dataq,

- availability of individual survey and SBR data that will serve as a good input for
analysis and assessment, especially when it comes to the delinearization of
the KAUs, etc.

Through the complete or partial exchange of survey data with administrative
data, the use of VAT turnover data for the production of official statistics in BiH has a
good prospect. It is necessary, above all, to form a constant expert Working Group,
which will be made of ITA BiH and BHAS representatives, which will deal with
methodological issues and point to discrepancies in results with the aim of adequate
treatment. BHAS should be consulted for any changes to the legal regulations
regarding the turnover and VAT data, taking into account the needs of official
staftistics. In addition, strategy of using VAT data for statistical purposes should be
established, the methodology of using VAT data for individual surveys, tailored to
their needs should be adopted and adequate IT support provided.

Conclusion

This paper presents the basic characteristics of the VAT turnover data, with an
overview of their potential for practical use in official statistics. The characteristics of
the VAT data in BiH are described. Based on the data available fromm monthly survey
M KPS TRG 01 for BiH, their matching with VAT data was performed on macro level.
Results obtained by using the VAT turnover data and turnover data obtained
through the survey were tested on aggregated level. The null hypothesis has been
proven — there is no statistically significant difference in the results produced from
these two sources. Results of performed analysis suggested that VAT turnover data
could be used for production of short-term turnover variables in BiH, which conftribute
to optimization of statistical production process through minimizing costs of survey
conducting, reduction of time needed for data collection, reduction of burden on
respondents and increase the coverage of units for the survey.

Since this is the first scientific paper dealing with this issue in BiH, this paper is an
excellent basis for future research with focus on a more detailed analysis of data
imputation for missing values from both sources, measuring imputation effects and
the use of other statistical methods and models for estimating total turnover data.
Based on obtained results of analysis, administrative VAT tfurnover data are useful for
partial replacement of survey data with administrative data, for imputation of missing
values as well as for comparison of results received through different data sources.
The future use of VAT turnover data in BiH will require a serious and studious
approach to the analysis of VAT turnover data on micro level, their translation into
the statistical environment with the aim of their use for production of quality short-
term statistical turnover indicators.
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Abstract

In spite of theoretical inferiority, a large maijority of statistical institutes use non-
probabilistic sampling techniques in price surveys. The main disadvantage of non-
probabilistic sample design is that the risk of biased results is increased. Attempting o
handle this risk in the domain of service producer price indices (SPPI) of professional
services, the Croatian Bureau of Stafistics (CBS) developed an innovative
methodology and implemented it relying on the probability proportional to size (PPS)
sample design. The purpose of the paper is to evaluate the impact of the
probabilistic sampling strategy on the quality of price indices as shown in the case of
SPPI for professional services at the CBS. The paper outlines respective
methodological upgrading of SPPI compilation at the CBS, including also the
method for variance estimation. The effect of the probabilistic sampling on SPPI is
analysed by comparison with traditional purposive sampling surveys. The quality of
SPPI based on the probabilistic sample approach is examined by coefficients of
variation and confidence intervals.
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Infroduction

Service producer price indices (SPPI) are the youngest member of the family of price
indices, which are one of the most known and widely used products of official
statistics. Purpose of SPPI is to trace price movements that reflect the supply and
demand conditions in the service markets (OECD, Eurostat, 2014).

SPPIs serve two main functions. The first is to provide an indication of price
changes by producers of services, and therefore it is used as an indicator of
inflationary pressure. The second is to provide a suitable deflator of nominal values of
output or intermediate consumption or the compilation of production volumes in the
national accounts (OECD, Eurostat, 2014). Considering the role of SPPIs in
macroeconomic and business analysis and in compilation of key national
aggregates the quality of these indicators are of utmost importance, in particular
quality dimension “accuracy”. Thus, the data of price indices used as deflators in
compilation of GDP in constant prices for service sector influence 55% of volume of
GDP in Croatia (Croatian Bureau of Statistics, 2017).

Errors, which impact the accuracy of SPPI's could occur at any stage of the
production process. In this paper we will focus on the impact of sampling techniques
on the accuracy of SPPIs. Data on service prices are mainly collected by sample
surveys based on two stage sample procedure: first, the observation units
(enterprises) and then, the services and transactions to be priced are selected into
the sample. The selection of observation units and services can be done using either
probabilistic methods or non-probabilistic ones. The producer has to be aware that
using non-probabilistic methods introduces bias in the indices, which is very difficult
to be estimated. Risk of bias is low in the case when surveyed population is highly
heterogeneous in the sense that small number of large units contribute a majority of
the total of certain key characteristic (e.g. furnover). If, on the other hand, surveyed
population is more homogeneous, meaning that there is large number of smaller
units that significantly contribute to the total value of the population characteristics
and additionally these small units show different price behaviour, bias infroduced by
the non-probabilistic approach, can be quite significant. Nevertheless, in spite of
theoretical inferiority of non-probabilistic methods, in practice mainly non-
probabilistic sampling techniques are used for both, selection of observation units
and services (ILO et al., 2004a; Eurostat, 2010). Croatia is one of the few European
countries, which practice probabilistic sampling approach in price stafistics.

Literature review indicates that sampling issues in the context of index numbers
were investigated mainly for consumer price indices (Reinsdorf, Triplett, 2009; Heravi,
Morgan, 2014) where sampling context is different and focused on lower level of the
selection of commodities. The specific problem of SPPI bias due to prevailing
practice of cut-off sampling with inclusion in sample only big firms though numerous
small or even micro firms dominate and create major part of industry’s output has
not attracted particular interest of researchers so far. (Such industries are known in
theory of industrial organisation and market analysis as industries with low
concenftration (Khemani, Shapiro, 1993).

Some researchers have dealt with issues of SPPI probabilistic sampling, but not in
relation to real data based on non-probabilistic surveys (Wingren, 2009; Lothian,
Patak, 2007). Also, SPPI manual is not very instructive regarding sampling issues and it
refers mainly to producer price index manual (OECD, Eurostat, 2014; ILO et al.,
2004b).

The purpose of the paper is to evaluate the impact of probabilistic sampling
strategy on quality of price indices. Our research hypothesis is that in service
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industries characterised by low concentration, inclusion of small units by random
sample could improve accuracy of SPPL. This hypothesis was examined for SPPI for
two professional service industries in Croatfia (“Architectural and Engineering
Activities and related Technical Consultancy” and “Advertising”).

The paper is structured into six sections. After this infroductory section,
methodological framework of compilation of SPPI at CBS is given, describing shortly
basic procedure of SPPI compilation at CBS and discussing general rationale for non-
probabilistic sampling. In the next section specific reasons for inclusion of
probabilistic sampling for SPPI are illustrated by two professional service industries.
Then methodological upgrading of SPPI compilation induced by probabilistic
sampling is defined. Central section presents results of statistical analysis of effects of
probabilistic sampling on SPPI for the two professional service industries. In the
concluding section, the main research findings are summarised.

Methodological framework of compilation of SPPI at CBS

In the period from 2008 - 2016, SPPI for 21 service industries were developed and
implemented into regular production at CBS, for five of them with inclusion of
probabilistic approach.

For each service industry specific methodology has been developed considering
its characteristics of output, of market with price mechanism and data availability,
but respecting general methodological guidelines (OECD, Eurostat, 2014), the EU
regulations on short-term statistics (European Parliament, 1998, 2005) and common
conceptual framework of SPPI production developed at CBS (Croatian Bureau of
Statistics, 2015). Essential feature of SPPI methodology at CBS is annual update of
weights, which is theoretically superior solution compared to fixed weights (ILO et al.,
2004b, Eurostat, 2012).

Backbone of the common conceptual framework of methodology is the basic
procedure for SPPI compilation as defined by system of index formulas in several
stages.

Step 1: Compilation of ratio (individual price index for a service (u) of service

group (g) for enterprise (h) in particular quarter (q) of year (y).

qy/4y-1 _ pW
Ipugh - p4y-1 (] )

The last quarter of previous year (4,y-1) is recommended base period for price
indices in the case of annual update of weights (Eurostat, 2012).

Step 2: Calculation of a simple (unweighted) price index for services within the
same service group at enterprise level using Jevons formula (unweighted geometric
average). This index relates to an elementary aggregate (e.g. group service in an
enterprise). Use of Jevons formula at the level of elementary aggregate is supported
by index numbers theory (ILO et al., 2004b, 2004q).

ngh = ng}:/lpghl ’ nghz nghn (2)

Step 3. Calculation of price index for service groups using price indices of service

groups by enterprises (as elementary aggregates) and weight them by share of

turnover of this group in enterprise turnover for this activity. Weighted arithmetic

average is used as a compilation formula, which approximates Laspeyres index
(OECD, Eurostat, 2014):

H ay/4y-1
q,y/4y-1 _ Zh:ﬂpgh Wgn 3
h=1"gh

Step 4 Calculation of price index for the activity as a whole using price indices of
service groups and corresponding weights calculated as a sum of turnover for group
services by enterprises:
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T5=1 103>
YW, (4)

Symbols used: h = 1,2, ...,H (number of enterprises producing service within group
g); g=12,..,G (number of group of services g in activity SPPI); ng, = number of
services for group g in enterprise h; q,y = current quarter q of year y; gq—1,y =
previous quarter of year y; 4,y — 1= 4 quarter of previous year (base period); Wy, =
weight at period y —1 for group g in selected price of reporting unit h based on
turnover (basic weights); W, = weight at period y — 1 for group g; py4, = price of
product u of group g in selected price of reporting unit h.

This system of formula is based on traditional economic approach of index
calculation (Allen, 1975; Diewert, Nakamura, 1993), which implies that price
movement of the sampled units (or services) is representative for the price
movement of the population. Price movement, expressed as indices, must be
weighted by economic meaning of units (or services) measured by output variable,
usually by turnover. Following the rationale of traditional approach, frequent mode
in compilation of price indices in general and also for SPPI is to include into sample
some units (usually the biggest ones) relying on some non-probabilistic criteria of
selection.

Such an approach is justified when the surveyed units cover dominant share of
market in terms of turnover and it is likely that prices of uncovered units, (i.e. units that
have probability 0 to be included in the sample), do not behave substantially
different.

At CBS, both conditions were examined for each service industry by market
analysis prior to development of SPPI methodology. In the next section we summarise
main findings for service industries “Architectural and Engineering Activities and
related Technical Consultancy” and “Advertising”. Full market analysis was carried
out at CBS in 2014 within project Technical Assistance of Business Statfistics and
Upgrading of Data Collection System 1.2.1 (Croatian Bureau of Statistics, 2014). These
two service industries were selected as the cases for analysis of impact of
probabilistic sample design on SPPI because they were the first where the
probabilistic approach was used and have the longest SPPI tfime series, from 2015
onwards.

Ipry/4ly_1 =

Key market characteristics of analysed service industries
Architectural and Engineering Activities and related Technical Consultancy
(ARCH/ENG) is coded by international standard classification of activities NACE
Rev.2 and by Croatian National Classification of Activities (NKD) as activity group M
71.1. 1t consists of two activities classes: M 71.11 Architectural activities and M 71.12
Engineering activities and related technical consultancy.

In Table 1, the key features of the market of selected service industries in Croatia
are presented by distribution of enterprises and turnover by size (persons employed)
for classes M 71.11 and M 71.12 in Croatia. The distribution is presented for year 2016.

Architectural services are provided mostly by rather small enterprises with less than
10 employees. In engineering services some large enterprises operate, but small
enterprises dominate. Activity class M 71.12 Engineering activities and related
technical consultancy is more important than M 71.11 Architectural activities as the
majority of enterprises (76.3%) and of turnover (89.9%) of M 71.1 were classified into
class M 71.12in 2016.

Advertising industry is defined as activity group M 73.1 in NACE Rev.2 and includes
two classes: M 73.11 Advertising and M 73.12 Media Representation.
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Table 1 Distribution of enterprises and turnover by size of enterprises for M 71.11 and
M 71.12in Croatia

71.11 Architectural activities 71.12 Engmeer!ng activifies and
Persons related technical consultancy
employed Enterprises Turnover Enterprises

Number % % Number % fumnover %
0-4 1,162 89.5 59.9 3,330 79.8 28.9
5-9 108 8.3 23.8 549 12.2 22.9
10-19 24 1.9 11.3 199 4.8 17.2
20-49 4 0.3 5.0 72 1.7 15.7
50-99 - - - 15 0.4 8.3
100-249 - - - 5 0.1 4.1
250 and more - - - 2 0.1 2.9
Total 1,298 100.0 100.0 4,172 100.0 100.0

Source: Statistical Business Register, 2016.

These two classes deal with quite different services. The first activity class consists
of services making or preparation of advertising and includes all the creative work
around creating a commercial. The second class is setting up or presenting a
commercial: advertising can be set up or presented in various media such as
magazines, newspapers, radio, television, online, large tables and leaflets.

Table 2 Distribution of enterprises and turnover by size of enterprises for M 73.11 and
M 73.12 in Croatia

73.11 Advertising 73.12 Media Representation
Persons - -
employed Enterprises Turnover Enterprises Turnover
Number % % Number % %
0-4 1,379 88.0 24.1 145 84.8 21.3
5-9 102 6.5 16.2 18 10.5 5.9
10-19 52 3.3 19.6 4 2.3 17.7
20-49 27 1.7 30.1 3 1.8 44.3
50-99 4 0.3 5.2 1 0.6 10.8
100-249 1 0.1 2.4 - - -
250 and more 1 0.1 2.4 - - -
Total 1,566 100.0 100.0 171 100.0 100.0

Source: Statistical Business Register, 2016.

This activity is highly scattered i.e. there are very few medium and large units, and
a significant number of small units that generate most of turnover. Comparing two
classes, class 73.11 and class 73.12, the first one is more important because it covers
79% of turnover and 90% of employees.

From the data, presented in Table 2, it can be clearly seen that the distributions in
the respective activities are far from being dominated by the small number of large
unifs. For instance, if we would want to cover 75% of the total turnover in the activity
group M 71.1, we would have to take approx. 20% of the units in the frame and if we
would aim to cover 75% of the total number of employees, we would have to take
even approx. 40% of the units. Hence, these figures indicate that the “scattered”
population of small units is not negligible and that the usage of the probabilistic
sample, aiming at covering that part of the population, is a reasonable choice in this
case.
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Implication of probabilistic sampling for SPPI compilation
The sample frame for ARCH/ENG and ADV consists of enterprises from Croatian
Statistical Business Register with the main activity M 71.1 or M 73.1. A small part of the
population that has a negligible share of key variables’ values was additionally
excluded from the frames and consequently from the sampling procedure.

Due to the significance of the small enterprises in these activities, sample design is
set-up as combination of probability sampling for small enterprises and census (take-
all approach) for large enterprises. The class of large enterprises was selected by
taking the units that have more than 20 employees or generate more than 50 million
kuna of tfurnover.

Random sample of small units was selected by using the usual design in the case
of business surveys: the stratified one-stage sampling. The stratum of small enterprises
was hence additionally stratified according to the NACE class (4-digit code) and the
random sample was selected by using systematic probability proportional to size
(PPS) sampling. Number of employed persons was used for implicit stratification.
Turnover was used as a size variable in PPS approach.

In this way, for activity ARCH/ENG 189 units were selected in the sample of pilot
survey for 2014, 104 of them with certainty, and for ADV 107 units were selected, 38
of them with certainty.

Selection of units into SPPI surveys by using probability sample demanded
appropriate amendment of SPPI index compilation in terms of defining the weights.
There are two types of weights in SPPI compilation: basic weights and modified
weights.

Basic weights are weights based on turnover data from every reporting unit. Data
on turnover are fulfilled in the questionnaire form in the first quarter of the year and
are related to the turnover of previous year. Final index for the activity could be
calculated using only these basic weights (see: formula (3) and (4) of basic
procedure).

Modified weights are used when random sample approach is used for the
selection of the observed units. These weights are obtained by combining basic
weights and the random sample grossing-up factors calculated by strata. Grossing
up factor for a stratum was calculated through the following steps:

- Sample design weights calculation. Sample design weights are determined as

the inverse value of the inclusion probability. Since the PPS sampling was used
(with turnover as size variable), design weights were determined as the
relative share of turnover for certain unit inside the stratum, multiplied by the
number of selected units in stratum.

- Non-response adjustment. Non-response adjustment coefficient is calculated
by taking the ratfio of sampled units to sum of responded and out-of-scope
units in each stratum.

- Calibration. With the calibration procedure weights are corrected in such way
that for the chosen auxiliary variables the weighted sums for the responded
units equal to the known population values. In our case turnover was chosen
as the auxiliary variable. Because of the large number of out-of-scope unifts,
the “frame turnover total” had to be adjusted to take into account this fact.

Compared to basic weights, modified weights increase relative importance of
smaller, randomly selected units (inversely proportional to turnover) and of all units in
strata with higher non-response and higher share of misclassified units.

If we would strictly consider the price index as the complex statistical estimator,
we would face very demanding task for standard error estimation (Wingren, 2009). To
make this procedure more feasible in the regular statistical production, the “classical
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analytical variance estimation approach” (Wolter, 1985) was slightly adopted to fit
the specific needs. We accepted two “simplification assumptions”. Firstly, we
assumed that the data were collected by using the cluster sample approach and
that the enterprises, selected at the first stage, reported all the service groups at the
second stage. Secondly, we assumed that individual price index for a service or
service group was a direct observed value. By such approach, we considered
estimated index as the estimation of the (weighted) mean of price indices, what
made the variance estimation quite straightforward task.

Estimated index on the level of the service group and on the level of the whole
activity is calculated simply as the weighted average of individual price indices for
service groups and the mean is taken as the estimator in the procedure of standard
error estimation.

When discussing accuracy of price indices, we have to keep in mind that in the
theory of the inferential statistics standard measure of the error of statistical results
(mean square error) is composed of two components: standard error and bias. In the
situation when we are considering the non-probability versus probability sampling
approach, we are typically dealing with the frade-off between the bias and
sampling error. In the continuation we will present some results of this frade-off in the
case of the SPPI indices, infroduced and described in previous sections. We have to
stress out that the analysis focuses only on empirical results, the theoretical
framework of this problem is not considered since it is beyond the scope of this

paper.

Results

As we pointed out in previous sections, random sample of “small units” was
infroduced to reduce the bias, caused by the fact that one part of the population
has 0 probability of being included into sample in the sampling approach, which is
currently the prevailing practice (e.g. cut-off sampling) when the selection method
for the SPPI calculation is in question. On the other hand, with the introduction of
probability sampling, each index has a certain standard error, but this error can
(contrary to the bias) be (unbiasedly) estimated from the survey data itself. The
relationship between sampling error and bias could be roughly studied by
comparison of SPPIs compiled with probabilistic and non-probabilistic approach.
Therefore, we calculated two versions of quarterly chain indices (comparison base is
previous quarter) for ARCH/ENG and for ADV for period 2015-2017. For the first version
(probabilistic approach) we took all sampled units (probabilistic sampled and take-
all units) and used modified weights (PS/MW). For the second version (traditional
approach) we took only take-all units and used the basic weights (TA/BW).

Both versions of SPPI indices are presented in Table 3 and in two graphs (Figure 1
for ARCH/ENG, Figure 2 for ADV).

SPPI precision was studied by standard errors and respective coefficients of
variation. Both indicators were calculated for the probabilistic SPPIs - PS/MW (which
includes also the random sample of “small units”) by the procedure, described in
section 4 and by using two different schemes of sample rates. By the version 1 we
used the “original sample rates” (by strata), hence the sample rates as they were
infroduced by sampling. With this implementation, sample rates for take-all units are
1 and consequently these units don’t contribute to standard error, although the data
of these units were “normally” taken into account when calculating indices. By the
version 2 we used the recalculated sample rates, taking only the responding and out
of scope units as sampled units. With this implementation, also the take-all part of the
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data contributes to the standard error, if we don't get the response from all these
units.
The estimated coefficients of variation for chain indices are presented in Table 4.

Table 3 Impact of sampling approach on SPPIl indices, Architectural and Engineering
Activities; Advertising, quarterly chain indices, Croatia

. Architectural and Engineering Activities Advertising

Current period of —— — p—— —

chain index probabilistic fraditional probabilistic | traditional

PS/MW TA/BW PS/MW TA/BW

Q1 2015 97.13 98.71 99.30 99.85
Q22015 100.17 97.78 104.75 106.46
Q3 2015 100.20 102.71 99.04 98.04
Q4 2015 101.76 101.89 105.23 107.39
Q1 2016 100.38 100.16 97.21 98.03
Q22016 101.26 98.91 99.96 100.89
Q32016 100.84 101.01 98.41 98.89
Q4 2016 99.77 103.33 101.42 102.24
Q1 2017 98.87 98.68 98.56 98.10
Q2 2017 99.48 98.76 101.73 102.54
Q3 2017 100.74 101.25 99.82 99.35
Q4 2017 99.30 99.85 100.18 101.40

Source: authors’ calculations based on CBS, 2015, 2017.

Table 4 Coefficients of variation by two different schemes of sample rates

Architectural and Engineering -

Current period of Activities Advertising
chain index Coefficients of variation Coefficients of variation

Version 1 Version 2 Version 1 Version 2
Q12015 2.9% 2.8% 1.2% 1.1%
Q22015 1.9% 1.7% 1.2% 0.8%
Q32015 1.9% 1.6% 2.1% 1.8%
Q42015 3.1% 2.8% 1.5% 1.2%
Q12016 0.8% 0.2% 1.6% 1.6%
Q22016 0.8% 0.3% 1.5% 1.5%
Q32016 0.8% 0.2% 1.0% 0.9%
Q42016 1.3% 0.3% 1.2% 1.1%
Q12017 1.4% 1.1% 2.7% 2.6%
Q22017 0.8% 0.6% 1.4% 1.3%
Q32017 0.9% 0.6% 1.3% 1.1%
Q4 2017 1.0% 0.6% 0.5% 0.5%

Source: authors’ calculations based on CBS, 2015, 2017.

We calculated lower and upper limit of 20% confidence interval for the regular
SPPI chain indices (PS/MW), by using version 1 of standard errors and taking z-score
of 1.645. Although we consider version 2 as more correct procedure for standard
error estimation, we opted here for version 1. The reason is that we want to present
only impact of sampling procedure, ignoring the impact of the phenomenon of non-
response, which would occur and should be dealt with in both sampling scenarios.
We plotted the time series of chain indices with confidence intervals together with
the time series of take-all indices. The graphs for both activity groups are presented
in Figure 1 and Figure 2.
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In the case of ARCH/ENG, tfraditional ‘take all’ (TA/BW) SPPI fluctuates notably
from quarter to quarter, indicating large volatility of the estimates. On the other
hand, probabilistic SPPI (PS/MW) exhibit smoother price changes, indicating larger
stability of the estimates.
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In ADV, both SPPI show very similar price movement, but practically in all periods
PS/MW is below TA/BW, indicating that there could be slight overestimation due to
the omission of the sub-population of small enterprises.

Conclusion

In the paper we present the usage and consequences of the usage of the
probabilistic sampling approach in the case of service producer price indices at the
Croatian Bureau of Statistics. In the first part of the paper we described the main
methodological aspects of the indices calculation procedure, focused especially on
those, induced by the random sampling approach. The second part of the paper is
dedicated to the analysis of the impact of the sampling selection method on
statistical results. The analysis gives some tentative conclusions that are summarised
below.

The impact of introduction of the random sampling is much more evident at the
level of chain indices in the case of activity 71.1 (ARCH/ENG). We see two main
reasons for that. The first reason is the fact that the population is more “scattered” in
the case of activity 71.1, meaning that “small units” have larger impact in this
activity. The second reason is larger variability of prices in this activity, meaning that
the observed phenomenon is more sensitive on the method, used for selection of
observed units.

Contrary to ARCH/ENG, inclusion of small units by random sample does noft re-
shape price movement in ADV, but it signals the upward bias of take all approach
indices for the whole period. On the other hand, index series of both industries,
obtained on the basis of the random sample approach shows lower volatility than
the series obtained on the basis of the “take-all approach”.

The take-all indices fall out of the confidence interval of the random sample
indices in the cases, when there is a slightly more pronounce oscillation of the prices.
This indicates that the significant bias of the take-all sample could occur in the case
when we face the more dynamic price movement.

These findings show that in industries with low concentration the ignorance of
service prices of small units could distort price indices notably. We have to stress out
that the analysis focuses only on empirical results of two service industries.
Generalisation of the results would require extension of empirical research on other
industries and longer time series and verification of findings by index numbers theory.
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Abstract:

Based on previous research it can be stated that modelling sport economics related
demand curves (e.g. demand for sport events and athletes) is different from other
types of modelling. The difference lies in the fact that some parts of the demand
curves are nearly horizontal in case of sport goods and nearly vertical in case of
athletes, because the price of sport events is inflexible and at the same time, salaries
of top athletes are extremely flexible. This study investigates parameter estimation
methods appropriate for the relevant demand functions of sport economics. In this
cases the generally used ordinary least squares estimator is less robust, so the
weighted least squares estimators are able to handle heteroskedasticity. If the
distribution of the variables is known, the Newey-West heteroscedasticity corrected
estimates give even stronger results. The empirical study analyses footballer transfer
fees in top European leagues and identifies a threshold at which the tfraditional
supply-demand functions are not appropriate. According to the results, word class
athletes, in a way, can be considered prestige goods for which demand may be
irrational.
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Introduction

It is a well-known fact in economics that a match between demand and supply
leads to a state of equilibrium. This principle is applied throughout the literature
concerning job markets in general, where one of the most important tools that are
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used in order to achieve or manipulate this state — besides the duration of shifts, the
work environment, the overall state of the economy, work experience and talent —is
monetary compensation.

Historically, job market analyses have had a primary focus on situations in which
supply exceeds demand, resulting in unemployment. Recently, however, the topic
of talent scarcity has gained substantial atftention. This implies that economic
development has been held back by the lack of relevant supply in terms of labour
(Davidson, 2009), among other possible factors. From an econometric perspective,
this meant the reappearance of disequilibrium models, a concept that seemed to
have been extinct for decades. Sports leaders, club owners, coaches and
managers, often speak of talent scarcity yet the literature on sports specific job
market modelling has not given a satisfactory, in-depth response to this
phenomenon to this day. This is especially surprising as it has been almost two
decades since Kahn (2000) has labelled this particular job market a textbook
example of a laboratory.

This study attempts to describe the unique characteristics of the demand function
that is specific to the job market for athletes, and to specify a model that allows its
deeper analysis. This involves empirically driven parameter estimations (despite the
limited public access to data) and references to some of the unique characteristics
of the athletic job market that any industry specific model should incorporate.

Relevant characteristics of the job market within the Sports

Industry

According to Primault (2006), approximately 0.7% of the employed population in the
European Union earns their income from sports, including those who are routinely
referred to as professional athletes. The number of those who are relevant to this
analyses is estimated to be around 20,000. This figure calls for a theoretical analysis of
the challenges that are triggered by the unique characteristics of the sports industry
and the job market within, in particular.

In neoclassical economics, the mechanisms of how equilibrium wages arise and
how effective demand appears are explained with the intercept of the demand
and supply functions, an approach coined by Alfred Marshall. Figure 1 is a
representation of such mechanisms that take place in the job market when there is a
shift in aggregate demand. (L is a quantitative representation of labour, and w
denotes wages. The numbers in this figure are fictional. Supply (L_S), original and new
demand (L_D1, L_D2) can be interpreted as the number of players who signed over
from one club to another within a given season).

According to Figure 1, if the demand function (L_D1) is shifted upwards, it only
results in a minor increase in wages, where the new demand function (L_D2) is
associated with a new equilibrium pay. Such an upward shift can be a result of
improved budgetary circumstances, including additional sponsorship, or the
infroduction of new tax laws subsidizing the industry.

Given the unique characteristics of the job market for athletes, the classical
analysis that is based on the intercept of the supply and demand curves may not be
appropriate, as it ignores the possibility that the supply curve can become quasi-
vertical under realistic conditions (Kesenne, 2014). Figure 2 represents this scenario.
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This explains the phenomenon where supply is absorbed by demand and virtually
no upward shift of the demand curve enables new employment, regardless of
budget. This, from the reverse perspective, explains how athletes respond to bids in
the same scenario.

Figure 3 represents how the vertical segment of the labour supply function — the
segment of low talent supply elasticity with respect to pay — can cause talent
scarcity; in other words, how new jobs cannot be added at virtually any pay rate.

This has consequences even severadl levels, including the sports clubs, as it can
lead to unrealistic salaries, which North American major leagues attempt to fight
against with pay caps. Other consequences include a phenomenon where new
contracts may not be solely signed with the intent of strengthening one’s own club,
but also with the purpose of weakening the outlooks for other clubs in terms of their
odds of winning. For more in-depth analyses on this phenomenon, see Andreff (2015)
or Rosen, Sanderson (2001).
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Figure 3 The effect of an upward shift of the demand curve on wages and supply
Source: Authors’ creation.

Naturally, it also has unique effects from an econometric perspective, and poses
certain challenges in creating well-specified disequiliorium models with the purpose
of analysing the labour market in the sports industry. In order to highlight this fact, let
us consider the generic structure of disequilibrium models:

D, =aX? +u
S, =pBX>+u;
Q, =min(D,,S,)
W, =W, + 7(Dr-1 _51—1)

(1)
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Here D, means demand for athletes at time t, S, supply of athletes at time 1, Q,
number of transactions where athletes sign over to a club at time t, X,LD,X,LS
explanatory variables of the demand and supply functions, W, average pay at time

t (wage), a.f.y are model parameters, and U,D,Uf are residuals.

The most substantial challenge in the process of parameter estimation of
disequilibrium models is that demand and supply are not directly observable, as all
figures are anficipated. The only observable endogenous variable is the number of
transactions, which is always the smaller value of the two. (This statement assumes
that the market and the conditions it operates under enable at least one of the
two.)

Goldfeld, Quandt (1975) discuss the challenges of model specification and
estimation in more detail in Rosen, Quandt (1978).

This study is built on the assumption that any new employment (transaction) is
agreed upon near an equilibrium state of supply and demand. It is, in fact, a
generous assumption given certain real-life examples; however, it has proven to be
a simplification that is acceptable for modelling purposes (Andreff, 2015). From an
econometrist’s perspective, the real interest lies within the challenge of overcoming
the fact that any regression based model that attempts to explain the number of
transactions is bound to be heteroskedastic, as talent scarcity increases the chances
of unredlistic bids in terms of pay. These figures, therefore, tend to show extreme
variability. The empirical section of this study is dedicated to tackling this problem in
more detail.

Empirical Demand Curves in the Sports Indusiry

For the previously discussed reasons, let us assume that demand can be considered
a bottleneck in the segment of the job market that is relevant to this analysis, and
that the number of new employments (contracts, fransactions) between athletes
and clubs is near the equilibrium. This, through scarce supply, means that there is a
high level of variance in terms of pay, which is what this analysis attempts to model.

Rottenberg (1956) was the first known author to publish about the specifics of the
function representing the demand for athletes. Since then, several empirically driven
papers have been published with the purpose of refining its specifications (Sloane,
2006), each of which include

- pay (wages), and proxy or surrogate variables that represent

- experience and

— talent (giftedness, skillset),
among the explanatory variables.

Within the last two decades, a number of papers have started to list certain "soft”
factors on the right hand side of the equation, such as legal stipulations, pay caps, or
racism (Kahn, 2000). Even though these are beyond important variables, their
inclusion is not necessary from a modelling or methodological perspective.

The demand function, given the specifics of the industry, can be written as:

D. =f(w,.ex.tal)+e,, (2)
where ex. represents experience, tal. is a proxy variable for talent (giftedness), and
the residuals are denoted by ¢,. (Each variable is specific to club i.) The next step

raises two important questions:
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— What surrogate variables can be chosen in order to quantify experience and

talent, and

— What type of function can be used in order to realistically map these

variables?e

Proxy variables are primarily selected based on the types of measurable
information that is publically available or accessible. In this study, following the
typical choices of such variables, were included

— purchasing price, instead of wages (p. in million Euros)

— the age of the athlete, instead of their direct experience (age, in years), and

— the number of times a given athlete has been chosen to play on the nation

team, as a proxy for talent (NTP, as an integer).

Undoubtedly, these may not be the ideal candidates to account for or mediate
the actual variables. For example, experience could be measured by the number of
years that a given athlete has spent on a champions’ league, or by the number of
"highly ranked” international games they participated in. Moreover, zero counts in
this regard require special attention. (The use of a heckit model would also be a
reasonable choice.)

On the other hand, access to such data is either restricted, involve subjective
judgement, or are not measured systematically.

Regarding the type, shape and the characteristics of the demand function, the
literature is quite heterogeneous, but most authors agree that the relationships
between demand and experience and between demand and giffedness are non-
linear. It is generally accepted to describe these relationships with logarithmic or
power functions where the exponent is less than 1. Moreover, NTP may not fulfil ifs
purpose as a proxy for giftedness, but it is reasonable to infroduce a binary variable
in order to distinguish between those who had never been on the national team,
and those who had.

These considerations lead to a more refined demand function:

D. = B, +ydum/® + Bp, + B,g,(age; ) + 8,9, (NTR ) + &, (3)
where dum,.’o’ is a binary variable that takes up the value of 1 if a given athlete has

ever been hired on to the national team and zero otherwise; g,(.) and g,(.) are

concave functions to be determined during model specification, and Sy, B,, 5, BV
are the parameters that are to be estimated.
In this modelling experiment, two g;(.).g,(.) transformations were applied, and

therefore the empirical study ended up testing four different types of demand
functions:

a) D, =B, +ydum® + Bp, + B,Jage, + B JNTP + ¢,
b) D, =, +ydum® + Bp, + 5, Iog(oge,.)+/i’3 NTP +¢,

c) D =B, +ydum + Bp, + B,\Jage; + B,log(NTP) +¢,
d) D, =B, +ydum + Bp, + B,log(age; )+ B;10g(NTP) + ¢,

The data source for this experiment was based on the number of tfransactions that
took place within the TOP50 European football clubs within the last ten seasons. Data
are from Transfermarkt (2018). For the list of these teams, see the Table Al in
Appendix. That would be interesting to identify different demand functions in case of
different positions (e.g. goalkeeper, defender, striker), but the sample size is not
sufficiently large enough to do so.
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The empirical results are to be interpreted as aggregate (in this case, average)
values: accordingly, the dependent variable is the sum of all players who signed
over within the last ten seasons; wages are replaced with average purchasing price,
and the binary variable represents the number of athletes who have been on their
own counftry’s national team. Similarly, NTP and age are the corresponding average
values.

The focus is the extent to which the efficiency of the Ordinary Least Squares (OLS)
method decreases as the demand function becomes quasi-vertical and causes the
residuals to show heteroskedasticity. This latter phenomenon was handled with two
well-known methods, the Weighted Least Squares (WLS) method (see Greene, 2008)
and the Newey-West estimator (see Newey, West, 1987). Table 1 gives a summary of
the estimating functions applied in this analysis.

Table 1 Summary of estimating functions
Methods of Estimation Estimators

Ordinary Least Squares (OLS) B= (XTX)_1 X'y

p=(X"Q'X) X'Qly
Weighted Least Squares (WLS)

(Therefore, 0<dum, <D,) ol o2 o2 o2
012 ] 022 ey af

f=(X"QX) X'l
Newey-West Heteroskedasticity Corrected (NWHC)

Q= <§T£>

Source: Authors’ creation.

Using the sample, all parameters were estimated with each of the three methods,
and each estimate has undergone the White test (White, 1980), as well. According
to this test, the level of heteroskedasticity is considered excessive, if the p value
suggests that it is reasonable to reject the null hypothesis or if there is substantial
difference between the estimates delivered by the individual methods. Table 2 gives
an overview of these estimates and the corresponding tests.

As expected, the White test indicates heteroskedasticity for all OLS estimates. The
three methods of estimation, however, do not imply noticeable differences between
the models in terms of their goodness of fit or the corresponding F statistics and their
p-values. Even though there is little difference between the standard deviations of
the parameters, there are substantial gaps between the point estimates provided by
the WLS and NWHC methods. It is a notficeable and important result that there are
few instances where a significant association could be found between pay and
demand, which is likely to be caused by heteroskedasticity. In the rare instances
where the estimated f, parameter is significantly different from zero, its positivity
contradicts the expectation that demand elasticity with respect to price would be
negative.

Overall, the best fitting model was d) where the estimates were a result of NWHC,
yet the explanatory power is only 8%, and certain parameters were only significant
at p=0.05. Based on this model, the top clubs are expected to hire 14 new players
within a five-year period, and prefer younger athletes, but are not dedicated to only
hiring athletes with experience on a national team.
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Table 2 Models, methods and estimates

Method Parameter/indicator
Moae! Z)scﬁmoﬁon ,30 7 ﬁl /;’2 Ba R? F 4

OLS 12.74** 1.07** 427 | -2.02** 0.81** | 0.065 3.37 | 54.2**
a) WLS 43.97** 5.83 1.45 | -7.14* 2.45% | 0.057 | 2.99

NWHC 0.90** 7.65* 4.60 | -1.22** 0.75** | 0.060 | 3.06

OLS 17.39** 1.08** 4.31 | -10.58** 0.80** | 0.066 3.38 | 53.8**
b) WLS 6.09** 6.26 1.47 | -37.65** 2.45* | 0.057 | 292

NWHC 11.69** 7.84%* 4.58 | -6.27** 0.75** | 0.060 | 3.06

OLS 15.92%* | -3.13* 484 | -1.92* 3.89** | 0.076 3.97 | 53.1**
c) WLS 53.96** | -14.57** 1.56 | -6.57**| 12.28* | 0.062 | 3.20

NWHC 11.46** | -1.97** | 587* | -1.13** 2.91* | 0.080 | 4.19*

OLS 20.27** | -3.10** 4.87 | -10.00** 3.67** | 0.076 3.98 | 52.8**
d) WLS 69.53** | -14.45** 1.58 | -35.05%* | 12.25** | 0.063 | 3.21

NWHC 13.94* | -1.94* | 587*| -5.82** 2.91* | 0.080 | 4.20*

Note: Parameters and test functions marked with ** and * represent that the null hypothesis
(by the parameters: the null hypothesis claims that the coefficient is zero, F-test: the null
hypothesis claims that the model is not valid, White-test: the null hypothesis claims that the
model is homoscedastic) is to be rejected at p=0.01 and p=0.05, respectively.

Source: Authors’ creation.

Conclusions

The labour market within the sports industry shows different mechanisms and logic
compared to the traditional job markets in the manufacturing or service industry,
including how the state of equilibrium is reached. Because of talent scarcity, there
may be disproportionate demand for athletes who specialize in popular tfeam sports,
which can lead to extreme figures on their paychecks. This analysis had a focus on
the challenges of modelling this segment, particularly the implications of the often
atypical (horizontal and vertical) shapes of the demand function. It seems that
demand models specific to the sport industry need to be capable of handling
heteroskedasticity, and that parameter estimates should only be provided after
variance reducing fransformations. It may be the case that the Newey-West
correction is an effective method in this respect. According to the results, word class
athletes, in a way, can be considered prestige goods for which demand may be
(seemingly) irrational, which may become more explicable if certain causes, besides
the traditional logic of economics and market mechanisms, are involved.
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Appendix

Table A1 TOP50 European football clubs

Juventus
AS Roma

Inter Milan
Udinese

VFB Stuttgart

FC Liverpool

AC Milan

FC Sevilla

ACF Fiorentina
AS Monaco
Manchester Unit.
Atlefico Madrid

Tottenham Hoftsp.

Borussia Dortmund
FC Chelsea
Olympique Lyon
Olymp. Marseille
Werder Bremen
AFC Sunderland
Bayer Leverkusen
Real Madrid

FC Schalke 04

FC Valencia

FC Villarreal
Manchester City

SSC Napoli

FC Arsenal

Spartak Moscow
Eintracht Frankfurt

FC Paris Saint Germain
Newcastle United
West Ham United
Torino FC

FC Barcelona

FC Bayern Munchen
OGC Nizza

B. Mbnchengladbach

Espanyol Barcelona
FC Getafe

FC Southampton
Galatasaray Istanbul
FC Nantes

SS Lazio

FC Bordeaux

FC Everton

Leicester City

Zenit St. Petersburg
CSKA Moscow
Fenerbahce Istanbul
FC Girona

Source: Transfermarkt (2018).
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Abstract

Although energy efficiency is a hot topic in the context of global climate change, in
the European Union directives and in national energy policies, methodology for
estimating energy efficiency still relies on standard techniques defined by experts in
the field. Recent research shows a potential of machine learning methods that can
produce models to assess energy efficiency based on available previous data. In this
paper, we analyse a real dataset of public buildings in Croatia, extract their most
important features based on the correlation analysis and chi-square tests, cluster the
buildings based on three selected features, and create a prediction model of
energy efficiency for each cluster of buildings using the artificial neural network
(ANN) methodology. The main objective of this research was to investigate whether
a clustering procedure improves the accuracy of a neural network prediction model
or not. For that purpose, the symmetric mean average percentage error (SMAPE)
was used to compare the accuracy of the inifial prediction model obtained on the
whole dataset and the separate models obtained on each cluster. The results show
that the clustering procedure has not increased the prediction accuracy of the
models. Those preliminary findings can be used to set goals for future research,
which can be focused on estimating clusters using more features, conducted more
extensive variable reduction, and testing more machine learning algorithms to
obtain more accurate models which will enable reducing costs in the public sector.

Keywords: artificial neural networks, clustering, energy efficiency, machine learning,
prediction model.
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Infroduction

Scientific efforts in predicting energy efficiency and consumption align with the
European Commission directives about reducing greenhouse gas emissions,
increasing energy efficiency and using 20% of energy from renewable resources until
2020. The largest individual energy consumer is the building sector, which contains
40% of total primary energy consumption (Tommerup et al., 2007). That stresses out
the importance of creating efficient models that will be able to extract features and
predict the energy efficiency level of a building according to its characteristics and
planned reconstruction measures. This work deals with creating such prediction
model by using data from Croatian Agency for Legal Trade and Real Estate
Brokerage (APN), which maintains the cenftralized information system of energy
efficiency in public buildings (ISGE). In order to create prediction models, the
machine learning methods were used such as clustering and artificial neural
networks (ANN). The real dataset of Croatian public buildings with a large number of
attributes, which were reduced in pre-modelling phase. The aim of this research was
to investigate the effect of a clustering procedure on ANN model accuracy. For that
purpose, the symmetric mean average percentage error (MAPE) of an initial
prediction model obtained on the whole dataset is compared to the MAPE of
separate models obtained on each cluster, and the results were discussed. Due to a
lack of approaches, which integrate clustering and neural networks in modelling
energy efficiency, the scientific conftribution of this paper is in providing such an
approach and in analysing its effects to modelling accuracy. Guidelines for using the
model as an approach for saving costs in public sector are also given.

Literature Review

One of the earliest research in methods used to predict energy efficiency is given by
Patterson (1996) who defines energy efficiency, and describes its concepts,
indicators and methodological issues. Since then, previous research shows a number
of efforts to predict energy consumption and cost by mathematical, statistical
methods, machine learning and simulations.

An overview of prediction models in the area of energy efficiency of public
buildings is conducted by Zeki¢-Susac (2017). It reveals that regarding input variables
the most of the authors use data on previous consumption, weather data, and
building characteristics available in energy certificates or data collected by their
own surveys. However, several authors emphasize the importance of occupancy
and usage data (Wang, Ding, 2015, Mangold et al., 2015).

Among methodology used in modelling energy efficiency, operations research
and statistical methods prevail, while machine learning methods have been only
recently tested in this area (Kalogirou, 2006).

Previously, the authors emphasize the potential of integrating statistical,
mathematical and machine learning methods, as well. Sabo et al. (2011) have
suggested several mathematical models of natural gas consumption. Hsu (2015)
used integrated clustering methods for predicting energy consumption of buildings,
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using cluster wise regression, k-means and model-based clustering. Naji et al. (2016)
used several machine learning methods, such as support vector regression (SVR),
adaptive neuro-fuzzy inference system (ANFIS), and applied them in Energy Plus
simulation program to predict energy consumption of residential buildings. However,
the efficiency of machine learning methods integratfion in this area is sfill not
investigated enough.

Data and methodology

Data and sampling procedure

The total dataset used in this research consisted of 3659 buildings that had their
geospatial, construction, heating, cooling, meteorological, occupational, and
energetic characteristics available in the database of the Information System for
Energy Management managed by the Agency for Legal Trade and Real Estate
Brokerage (APN) in Croatia. Those were the spatial data collected in 2017. In order
to create prediction models for estimating energy efficiency level of buildings, only
655 buildings, for which the real output variable was available could be used. After
removing outliers, the final data sample consisted of 621 cases. Each sample was
divided into the frain data (70%) and test data (30%) for modelling purposes. The
structure of the samples is presented in Table 1.

Table 1 Sample structure

samole No. of cases in No. of cases in No. of cases in
P the sample train subsample | test subsample

To‘rql sample before removing 655 (100%)
outliers
Total sample after removing
outliers used in clustering 621 (100%) - -
procedure
Sample used for NN modelling -
all buildings that had available 621 (100%) 434 (70%) 187 (30%)
output variable
Sample used for NN modelling 322 (100%) 225 (70%) 97 (30%)
on cluster 1
Sample used for NN modelling 109 (100%) 76 (70%) 33 (30%)
on cluster 2
Sample used for NN modelling 190 (100%) 133 (70%) 57 (30%)
on cluster 2

Source: Authors.

The total number of 141 input variables were initially available, while for clustering
procedure the 3 most important continuous afttributes of buildings were selected by
using Pearson correlation. The variables used to cluster buildings and their descriptive
statistics are shown in Table 2. The output variable was the relative value of yearly
energy needed for heat (QHNDREL) in percentages, which can be used for
calculating energy efficiency levels (A, B, C, D, E, F, and G). Due to a large number
of variables, the descriptive statistics is shown only for the variables that had the
highest correlation with the output and were therefore used for clustering.

Due to a large number of variables, a reduction procedure was conducted in the
pre-modelling phase by using correlation coefficients for continuous variables and
the chi-square test for categorical input variables. The variable reduction extracted
81 continuous and 18 categorical variables (99 in total) out of 141 initial variables.
The input space of 99 input variables was used in ANN modelling.
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Table 2 Variables used for clustering procedure and their descriptive statistics

Variable Variable description Correlation W'Th the Descriptive statistics
code output variable
H1TRND (H1 max. allowed .
_ . Min.: 0.0, Mean:
V84 coefficient of transmission heat 0.3941 0.5595. Max.: 1.6500
loss per surface)
annual thermal energy needed Min.: 0, Mean: 41784,
V86 for heat 0.9425 Max.: 3945170
. . Min.: 0, Mean: 110.5,
V93 object construction surface d1 0.5057 Max.:18850.3
Output relative value of yearly energy i Min.: 0, Mean: 24.33,
variable | needed for heat (QHNDREL) in % Max.: 955.51

Source: Authors.

Data pre-processing and clustering
In the pre-processing stage, it was evident that the data contained missing values
and outliers. Due to existence of different methods for replacing missing values and
removing outliers in the literature, it was necessary to select the most appropriate
ones that will enable the minimal information loss in the clustering procedure.
Previously to optimal partitioning, the data were normalized. The following steps of
the data pre-processing conducted in conjunction with the clustering procedure
were suggested and performed using Mathematica software:
(1) Data normalization
(2) Replacement of missing data using the Least Squares (LS) distance-like
function and [;-metric function
(3) Elimination of outliers using DBSCAN algorithm
(4) Clustering procedure using the combination of Incremental and k-means
algorithm with application of the Davies-Bouldin and Calinski-Harabasz index
to optimize the number of clusters.

In step 2, an algorithm proposed by Scitovski et al., (2018) detect missing values of
features and put the arithmetic mean of known values in their places. By using
minimal distance principle with the Least Squares (LS) distance-like function
d;s(a,b) = |la — bl|3, and the [;-metric function d,(a, b) = |la — b||; it is shown that this is
the best possibility. Following that suggestion, the dataset of public buildings was
reconstructed to be used for clustering.

In order to eliminate outliers in step 3, the DBSCAN algorithm was applied
according to Viswanath and Babu (2009) using Mathematica software tool. First, for
each data point a radius of the circle with MinPts elements of data set is defined.
After that, the generated set of radii is grouped intfo two clusters: a cluster with
relatively small and a cluster with relatively large radii. The smallest interval
containing 95% elements of the cluster with relatively small radii was determined,
and the elements outside of that interval were identified as outliers and removed
from the dataset. Figure 1 shows the normalized data after removing outliers. The
optimal partition of the dataset with the most appropriate number of clusters was
conducted in step 4 by the combination of the Incremental Algorithm (Bagirov et al.,
2011, Scitovski, Scitovski, 2013)) and the classical k-means algorithm (see e.g. Kogan,
2007).
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10 0.0

Figure 1 Normalized data after removing outliers
Source: Authors calculations in Mathematica software.

The most appropriate number of clusters is determined based on the Davies-
Bouldin index and the Calinski-Harabasz index (Scitovski, Scitovski, 2013). The clusters
were further used in ANN modelling.

Neural network methodology

As one of the machine learning methods, ANN has shown its success in solving
prediction, classification and association problems (Prieto et al., 2016, Zeki¢-Susac et
al.,, 2016). The most common type of ANN is the multilayer perceptron (MLP)
suggested by Werbos in 1974 and improved by Rumelhart et al. (Masters, 1995). An
MLP network used in this paper had a three-layer structure, with an input layer, a
hidden layer, and an output layer. The computation in the hidden layer includes a
summation function, which sums weighted inputs from the input layer units, and an
activation function, which computes the output of the hidden layer by using a linear
or a nonlinear function. The computation can be summed into:

Y. = f(iwixijr (1)

where Yy, is the computed output, X;are the elements of the input vector, w, are the

elements of the weight vector (values of the weights are initially randomly
determined from the interval [—1,1] and later adjusted by the error term) andnis the

number of units in the layer. In this paper, the nonlinear logistic and tangent
hyperbolic activation functions have been used. In the output layer of a neural
network, the local error € is calculated as € =y, —y;, where y,is the actual (target)

output. In the next iteration another input vector is loaded into the input layer, the
weight values are adjusted according to a learning rule (Masters, 1995), and the
above process of computing the output is repeated. This learning process is
conducted in a cross-validation procedure, where the neural network was frained
on the training sample for a k number of iterations, than tested on the test sample,
and the process is repeated unftil the error on the test sample stops decreasing. The
maximum number of iterations in the experiments was set to 100000. The number of
hidden units varied from 1 to 15, the learning rate was set to 0.01. The four ANN
models were created: (a) model with all buildings, (b) model with buildings in cluster
1. (c) model with buildings in cluster 2, and (d) model with buildings in cluster 3. The
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accuracy of the models is evaluated by using SMAPE objective functions according
to (Tofallis, 2015):
sMAPE —1001 S Ve ¥l (2)
=g VARSV'A
The ANN models’ calculations and graphs were generated by using R software
tool, and the results of ANN models before and after clustering were compared by
the statistical t-test of equality of means for independent samples, also conducted in
R software tool.

Results

In the clustering procedure, Davies-Bouldin index and the Calinski-Harabasz index
have extracted 3 clusters as the most acceptable option of partitioning. The number
of elements in each cluster, the standard deviation of the clusters, which shows the
intensity of dispersion, as well as the centres of clusters are given in Table 3. The
number of elements in each cluster equals the number of cases in the ANN samples
(Table 1).

Table 3 Properties of optimal partition clusters

Cluster Number of elements Cluster center ¢/
Cluster 1 — center ny 322 c; ={54570,13.0891, 1.22424}
Cluster 2 - center n; 190 ¢;={210433, 21.2811, 1.20905 }
Cluster 3 - center n3 109 c; ={ 434672, 34.3106, 1.18908 }

Source: Authors' calculations in Mathematica software.

It can be seen in Table 3 that the first cluster is the largest one with 322 elements.
The suggested 3 clusters of buildings are graphically presented in Figure 2. The points
of each cluster are shown in different colour.

100000 é‘;w + |+ 72000
200000 <. ¢ | 7
300000 24

Figure 2 Clusters of public buildings (cluster 1- blue dots, cluster 2 —red dots, cluster 3
— green dofts), x axis = annual thermal energy needed for heat, y axis= HITRND, z axis
= object construction surface d1

Source: Authors' calculations in Mathematica software.

It can be seen (Figure 2) that the centre of cluster 1 has smaller values of the first
two attributes (annual thermal energy needed for heat and HITRND, and the largest
value of the third attribute (object construction surface d1). The centre of cluster 3
has the highest values of the first two attributes but the smallest value of the third
attribute.
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The results of the ANN prediction models obtained on the test samples before and
after clustering are presented in Table 4. Since the logistic function has outperformed
the tangent hyperbolic function in all four models, only the results obtained by that
function are shown. The most accurate prediction model is obtained for all available
buildings (SMAPE error of 35.48%).

Table 4 Results of ANN models before and after clustering

Model ANN structure | Activation function | SMAPE (%)
a — All available buildings MLP 180-3-1 Logistic 35.48
b — Buildings in cluster 1 MLP 180-2-3-1 Logistic 35.87
¢ — Buildings in cluster 2 MLP 165-2-1 Logistic 36.59
d = Buildings in cluster 3 MLP 180-2-1 Logistic 37.26

Source: Authors' calculations in R software.

Table 4 shows the optimal structure of each of the three ANN models obtained in
a cross-validation procedure, activation functions tested, and the accuracy of each
model expressed as the symmetric mean square error (SMAPE). Due to the fact that
there were 81 continuous and 18 nominal (categorical) variables in the input space,
and that the each category of a nominal variable requires an input unit, there were
180 input units in all ANN models. The output layer consisted of one unit (continuous
output variable), while the optfimal number of hidden units varied. In the most
accurate ANN Model a, the optimal number of hidden units was 3, in Model ¢ and
Model d it was 2. The only model where the two hidden layers were required was
Model b (for buildings in cluster 2), which consisted of 2 units in the first hidden layer
and 3 units in the second hidden layer. The ANN model obtained on cluster 1 has
produced the SMAPE of 35.87%, while the SMAPEs of cluster 2 (36.59%) and cluster 3
(37.26%) were a little higher. Therefore, the accuracy of the ANN models was not
improved after clustering. In order to test our hypothesis, the t-tests of equalities of
variances and means (two-way) for independent samples were performed. The
results of the t-tests are shown in Table 5.

Table 5 Results of the one-way test of difference in model accuracy

Comparison Test of equdlities of variances Test of equalities of means
Model a vs. Model b F=0.89826, p = 0.5321 p=0.9138
Model a vs. Model ¢ F=0.79049, p = 0.3402 p=0.8413
Model a vs. Model d F=3.0199, p = 5.23%e-06 p =0.5585

Source: Authors' calculations in R software.

The results of t-tests have shown that the variances of errors between Model a and
Models b and c respectively are equal, while the variances of errors between Model
a and Model d are not. The test of equalities of means shows that there is no
significant difference between SMAPEs of Model a (with all available buildings) and
any of the models obtained on separate clusters (Model b, ¢, and d).

Thus, it can be concluded that the clustering procedure did not improve the
accuracy of energy efficiency prediction for buildings after clustering. An insight into
the characteristics of buildings in each of the clusters has shown that cluster 1
contains buildings with a high dispersion of energy consumption (mean QHNDREL of
112.3365 and standard deviation of 106.51621), that buildings in cluster 2 have a
higher mean value of energy consumption with smaller deviation (mean QHNDREL of
128.0911and standard deviation of 67.6094), while buildings in cluster 3 have the
highest mean QHNDREL of 168.0902 and standard deviation of 75.3624. The results
indicate that a lower accuracy of prediction in cluster 3 could be influenced by
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higher values of output in that cluster comparing to other two clusters. It implies that
some other attributes should be included in the clustering procedure to obtain
partition that will enable more accurate later prediction.

Model implementation as a cost-saving approach

The implementation of the created models in public sector energy management
can have significant economic effects in saving costs in energy consumption. Sajter
(2017) suggests a framework for evaluating long-term financial effects of energy
efficiency projects. One of the possibilities is using the ANN models based on
clustered data in such framework in the process of planning investments in
reconstruction measures. Since public buildings are owned or rented by the state,
the state bodies could use models to simulate the efficiency of reconstruction
process by the following steps:

(1) changing input variables by entering new measures that are planned for
reconstruction of buildings,

(2) running ANN models to observe the change of the values in the output variable
(energy efficiency) as the effect of reconstruction measures,

(3) identify buildings, for which the change of the output variable is the most
significant, and

(4) allocate their resources in the selected buildings to optimize the efficiency of
reconstruction measures,

(5) use ANN models to predict the future energy consumption with the allocated
resources in reconstruction and estimate the total savings by taking prices into
account.

An advantage of the Croatian public sector is its information system for energy
management (ISGE) with a centralized database, which is an appropriate platform
for integrating ANN models. Therefore, the created machine learning models based
on clustering and ANN could improve the efficiency of decision making process
during allocating resources in reconstruction measures in public sector and increase
the total savings.

Conclusion

The aim of the paper was to investigate if a clustering procedure would improve the
accuracy of a neural network prediction in modelling energy efficiency of public
buildings or not. A real dataset of Croatian public buildings was used with a large
number of building attributes describing geospatial, construction, heating, cooling,
occupation, and other characteristics. The total dataset is preprocessed using an
algorithm, which replaces missing data and removes outliers in conjuction with
clustering procedure based on Davies-Bouldin index and the Calinski-Harabasz
index. Three important clusters of public buildings were identified using the
combination of the Incremental algorithm and the k-means algorithm. The ANN
methodology is then used to create prediction models of energy efficiency for all
available buildings and separately for each cluster of buildings. The results show that
the clustering procedure has not increased the prediction accuracy of ANN models
in any of the three building clusters, showing that a neural network is a robust
method that benefits more from the size of the total dataset than from its partition.
The limitations of this research are in a small number of attributes used to generate
clusters as well as in using only three and four-layered ANN architectures, which is
planned to be improved in future research by using more features for clustering and
test deep learning ANN.
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The main confribution of the paper is in a special approach to integrate data pre-
processing, clustering and ANN in modelling energy efficiency, which was not
suggested before. Those preliminary findings can be used to create a
methodological framework for obtaining more accurate models with an ability of
saving costs and planning investments in energy management in public sector.
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Abstract

If there are no heavy sanctions in place to prevent it, the problem of the
cancellation of appointments can lead to huge economic losses and can have a
significant impact on underutilized resources of healthcare facilities. A good model
to predict the appointment cancellations could be an effective solution to this
problem. Therefore, a new Bayesian method is proposed to estimate accurately the
probability of the cancellation of visits to healthcare institutions based on specific
factors such as age. This model uses the regression for binary variables, linking the
explanatory variables to the probability of appearance at a previously made
appointment with a new weighted function and estimating the parameters with the
Bayesian method. The goodness of the new method is demonstrated by applying it
to a real case and by comparing it to other methodologies. Therefore, the
advantages of the proposed method are exposed and possible real-world
applications are described.

Keywords: Bayesian method, binary variables, cancellation prediction, heath care,
link function.

JEL classification: C11, C50, C51, 111.
DOI:10.2478/crelbss-2018-0014

Received: June 12,2018
Accepted: October 25, 2018

Infroduction

A problem in the health sector is represented by too many cancellations and by the
absence of the patient to the medical visits, which cause huge economic losses to
the organization and the underutilization of the structure. Often, indeed, the
cancellation is foo close to the date of the appointment, which enables clinics to
replace the patient (Alaeddini et al., 2015). One possibility to solve this problem is
open access, which schedules the appointment on the same day of the call
regardless of the reason for the visit (O'Hare, Corlett, 2004). Another possibility is
overbooking, which establishes an additional number of patients every day based
on the rate of cancellations or absences recorded in the organization (Daggy et al.,
2010, LaGanga, Lawrence, 2007). According to Lee et al. (2013), overbooking
performs better than open access in general. However, overbooking leads to
patient dissatisfaction, caused by the increase in the waiting time, and to the
increment of the costs for clinic overtime. The choice of the number of appointments
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to be added in excess and their most profitable temporal collocation are essential to
optimize the ftfrade-off between the number of additional patients and the
consequent increase in the waiting fimes and in the costs. LaGanga and Lawrence
(2007), starting from the rate of presence of patients, analyse various overbooking
policies so as to decide how many appointments have to be inserted and how they
have to be included in the program of visits, considering the waiting time and the
reduction of the costs. Their analysis points out that the "interappointment fimes"
method works just as well as other methods, which are more complex but more
attractive for the clinics interested in minimizing overtime to the detriment of patient
waiting times. However, as evidenced by Daggy et al. (2010), although some studies
have examined the factors, which lead to the cancellation of the visit or to the
absence of the patient, few infroduce the probabilities, so obtained, in the system
for planning clinical visits so as to improve them further. For example, LaGanga and
Lawrence’s paper considers the average rate of presence in the organization but
without considering the peculiarities of the patients. Instead, an example of
improvement of the system for planning clinical visits linked to the personal
characteristics of patients is the work proposed by Samorani and LaGanga (2015).
Indeed, they study the optimal overbooking using the prediction of an absence
based on the individual characteristics of the patient and on the date of the
appointment. Therefore, an accurate prediction of no-show and cancellation
probability becomes fundamental for any scheduling system (Alaeddini et al., 2015)
and for this reason, this paper proposes a new method to predict the probability of
presence based on the age of the person, one of the individual factors, which
mainly influences it. The factors, which influence the no-show rate, vary across clinics
(Kopach et al. 2006), but if their and other studies are considered, age remains
always one of the fundamental factors. This new method, improving the estimation
of the rate of presence, improves the scheduling methods making them more
accurate.

New link function and parameters estimation
When a researcher analyses a dichotomous response variable Y, i.e. which can take
only the values 0 or 1, he assumes that it is distributed as a Bernoulli with probability p
of having success, therefore he will have Y = 1 with probability p. In general, the best
way to understand and to estimate p is to assume that it is a function, called link, of
other variables, defined as explanatory. In traditional models the function, which links
the explanatory variable X to the probability p, is monotone. The logit link function is
the most used in many fields of applied statistics because the interpretation of its
parameters is simple and straightforward (Ntzoufras, 2008). When the value x; of the
explanatory variable X is observed, the probability of having a success is given by
the following logit function:
e Xt Bx; (] )

pi = 1+ea+Bx;
where the subscript i defines the i-th observation and the parameter 3 determines if
the probability is increasing or decreasing with respect to the explanatory variable X.
If the parameter gis positive, the function is increasing, if it is negative, the function is
decreasing. In this paper a new function, which links the probability to the variable
age in a non-monotone way, is proposed because many empirical analyses of data
find that the trend, based on age, of the probability of being present at the clinical
appointment is not monotone, but it follows an irregular tfrend (Davies et al., 2016,
Gebhart, 2017, Chua, Chow, 2018). This non-monotone function is the following
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with the parameters 5, o between 0 and 1 and r greater than 0 and with the
constraint that p is between 0 and 1, including the extremes. The weight W depends
on the explanatory variable X and therefore w; is the weight associated with the
observed value x;. The weight determines the importance of the function 1 (f;) and
of the function 2 (f,) and with the increase in the variable X the weight of the first
function increases (0 W/2 X>0) and that of the second decreases. For example, if
x;=0 is observed, the probability p; is exactly f,.

In the case where the variable X is always greater than or equal to 0, the relation

(2) can be simplified by removing some absolute values:
2

p; = (L) o-latpail | ( 1 )( 2% + @ ) _
oMty ——— \4yx/ ' +T+1 (3)
wi 1-w; f2

Both functions are not monotone. For example, if the parameter gis greater than
0 and the parameter «is less than 0, the function f; is increasing for the values of the
regressor X between 0 and -a/f and decreasing for the values greater than -«/p. The
function f, is increasing for the values of the regressor X between 0 and g, while it is
decreasing for the values greater than g. Therefore, the value g results as given in (4):

g = —w+J W%+ 4(t+1) (4)
> :

Estimation method
The Bayesian method, which considers the parameters as random variables, is
recommended to estimate the parameters of formula (3). Similarly, to the classic
Bayesian model, a prior distribution is assigned for the parameters. From the dataq,
the researcher obtains a posterior distribution, from which it is possible to calculate
the average, which represents one of the punctual estimations of the parameter,
together with the mode and the median. A very simple example is used tfo
remember the Bayesian operating method. If the researchers want to estimate the
probability p directly from the observed data of the variable Y, without considering
any explanatory variable X, generally they assume that Y has a Bernoulli distribution
with parameter p and that this latter follows the Beta distribution with parameters
(a,b), where a and b are selected by them on the basis of their knowledge and on
the basis of readings of previous studies. Then, in Bayesian theory the Beta distribution
(a,b) becomes a prior distribution. To find an estimation of the parameter p, it is
necessary to calculate the posterior distribution, which is proportional fo the product
of the likelihood function and the prior distribution. Under the assumption of having I
observations y; of the dichotomous variable Y, the posterior distribution of p is
proportional to:
I ] . pa—l(l_p)b—l
[, p¥i(1—p)t7 @b

SN~———— —_—
prior distribution

(3)

likelihood function

and then it is equal to:
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In general, the punctual estimation of the parameter is set equal to average, to
median or to mode. The prior distribution and the likelihood are conjugated if the
posterior distribution has the same form as the prior distribution (Gill, 2002). In general,
the researchers can find exactly the posterior distribution analytically only if the
conjugacy subsists. When the posterior distribution is difficult or impossible to handle
analytically, the Monte Carlo method is among those advisable, in particular in its
form called Markov Chain Monte Carlo (MCMC), also implemented by Winbugs
software (Gill, 2002, Carlin, Louis, 2008, Kery, 2010). This methodology creates a chain,
sequentially sampling the parameter values from a stationary distribution, which
corresponds to the posterior joint distribution of interest (Carlin, Louis, 2008). The state
of the chain after a large number of iterations (2n = number of iterations) is used as a
sample of the searched distribution.

A problem of MCMC is the number of iterations necessary to achieve the
convergence to the stationary distribution. Therefore, one of the essential analyses is
to test that the values come from a stationary distribution, i.e. that the Markov chain
is convergent (Kéry, 2010). In the empirical analyses, one of the most frequently
applied controls is the test proposed by Brooks, Gelman and Rubin (Brooks, Gelman,
1998, Gelman et al., 2004), which can be used only if two or more chains are
available (m = number of chains >2). The statistic of this test, called corrected scale
reduction factor, is based on “between chain variance” (B/n) and “within chain
variance” (W) and is equal to:

14
n-—1 m+1B
df+3——W+ df+3 (7)
CorrectedSRF = L3~ mn _ Y3 popp,
df+1 w df+1
where df = 2V /var(V). The convergence is demonstrated if the square root of the
statistic is less than 1.2 or more restrictively less than 1.1. In the multivariate case, i.e. in

presence of several parameters to be estimated, the test can be performed by
calculating both the corrected SRF for each factor and the following summary

statistic:
\%4
n—-1 m+1B
e'(TW+—m n)e (8)

e'we

To use the Bayesian method, it is necessary to select the prior distributions for the
parameters of the new link function to calculate the posterior distributions. The
parameters « and B have a prior distribution, which is not very informative so as not
to add a priori information, while the parameters w and y have a Beta, since their
values are between 0 and 1, and the parameter r a Gamma, being always greater
than O

MultivariatePSRF = max,
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a~flat prior

B~ flat prior

y~Beta(2,2) (9)
w~Beta(0.5,0.5)
1~Gamma(1,0.5)

The prior distributions of the parameters ¢ and g are flat priors, which in Winbugs
can be approximated by a Normal distribution with mean 0 and variance 1,000,000.
Very often, the Bayesian logistic regression requires a flat prior, used to provide as
little information as possible on the parameters (Gill, 2002). In my model, as in the
traditional Bayesian logistic regression, the calculation of the posterior distribution is
not simple and it requires the use of the Markov Chain Monte Carlo method.

Empirical analysis

The new method is demonstrated using 691 appointments observed in a hospital
clinic in the second quarter of 2016. The distance to clinic does not affect the
probability of being present at the visit because all of the patients, analyzed in this
paper, belong to the same neighbourhood. Figure 1 describes the non-monotone
trend of the probability of being present based on age groups.

0,45 -
0,40 -
0,35 ~
0,30 -~
0,25 -~
0,20 ~
0,15 ~
0,10 -~
0,05 -~
0,00

Probability of presence

ng-5"
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"11-15"
"16-20"
"21-25"
"26-30"
"31-35"
"36-40"
"41-45"
"51-55"
"56-60"
"61-65"
"66-70"
71-75
"76-80"
81-85
86-90

"46-50"

Age

Figure 1 Empirical probability of presence

This paper analyses how age affects the probability of being present at the
medical examination. Therefore, the variable of interest Y is dichotomous and it
assumes value 1 if the patient is present and value 0 otherwise. The explanatory
variable X, which may influence the probability of being present, is represented by
the factor age. The probability p is linked to the explanatory variable age by function
(3), being X, by its very nature, greater than or equal to 0. The zero represents the
children until 12 months. The parameters «, S 7 ® and r are estimated using Winbugs
software. The Markov Chain Monte Carlo method is used to obtain the posterior
distributions from the prior distributions and the likelihood function. Two Markov chain
are calculated such that Brooks-Gelman-Rubin test can be applied. For any chain, it
is necessary to select the initial values of the parameters, which are respectively (O, -
0.1,0.5,0.5, 20) and (0.5, -0.6, 0, 2, 10). They are chosen considering the proprieties of
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the link function and the prior distributions. The number of analysed iterations are
respectively 10000, 15000, 20000, 40000 and 50000. The average is used as punctual
estimation of the parameters. The estimations of the parameters for the various
iterations are shown in Table 1. Before interpreting them, it is necessary to study if the
Markov Chains have reached a stable distribution, using Brooks-Gelman-Rubin

diagnostic stafistics. For example, the number of iterations necessary for
convergence depends on the complexity of the model.
Table 1 Estimated parameters
iterations
10000 15000 20000 40000 50000
o -1.05 -1.033 -1.015 -1.031 -1.038
B [-0.01129 |-0.01157 | -0.01182 | -0.01154 | -0.01142
Y 0.4853 0.4764 0.4676 0.4739 0.4779
o | 0.7134 0.7171 0.7175 0.7185 0.7192
T 3.251 3.273 3.28 3.271 3.271
Table 2 vCorrectedSRF
iterations
10000 15000 20000 40000 50000
o 1.012582 1.021191 1.03211 1.000087 1.0008
B 1.005074 1.014746 1.015258 0.999997 | 1.000528
Y 1.001081 1.000516 1.000685 1.000026 | 0.999995
® 1.00017 1.000382 1.000415 1.000141 1.000046
T 0.999975 0.999995 1.000042 1.00002 0.999999
Table 3 Multiple PSRF
iterations
10000 15000 20000 40000 50000
Multiple PSRF 1.005031 1.005492 1.009169 1.000621 1.000162

The chains reach the stationary already at 10000 iterations, indeed the square
root of the corrected SRF is less than 1.1 (Table 2) and also the multiple PSRF is less
than 1.1 (Table 3).

The new methods and others present in literature

The goodness of the model developed in this paper is proved by its comparison with
the some models present in the literature. The new method is compared to the
following methods: the traditional Bayesian logistic regression, in which the
parameters of the link function (1) have a flat prior distribution; the traditional
Bayesian probit regression, in which the prior distributions are flat distributions; the
Frequentist logistic and probit regressions (McCullagh, Nelder, 1989), in which the
parameters are estimated from the maximum likelihood; and the Bayesian logistic
and probit regressions proposed by Gelman (Gelman et al., 2008), in which the prior
distributions are Cauchy distributions.

The difference between the regression described in this paper and the traditional
Bayesian logistic one consists exclusively in the function, which links the probability p;
to the explanatory variable x;, which is represented by the patient age in this
specific case. The link function of the new method is represented by formula (3),
being x; = 0, while the corresponding of the traditional logistic regression from (1).
Both models use the Bayesian estimation method and they choose a flat prior
distribution for the common parameters, i.e. for « and . In the estimation process,
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the same initial values of the parameters ¢« and g are chosen for both of the
methodologies.

The difference between the new method and the Frequentist logistic one consists
both in the chosen link function and in the estimation method. In the Frequentist
logistic regression, the link between the probability of being present at the visit p; is
linked to the variable age by equation (1). In the Frequentist theory the parameters
are considered unknown fixed values and therefore in the logistic Frequentist
regression the parameters o« and g of equation (1) are estimated maximizing the
likelihood function as givenin (10):

likelihood function = Hf:l p;Yi(1—p)t™i, (10)
where the probability p; is given by function (1). The frequentist probit method differs
from the frequentist logit only for the following link function:

_ 1 f_ao:BXiB_szZ, (11)

Pi = Tor
while the estimation of the parameters « and gis obtained again by maximizing the
likelihood function (10) where, however, p; is given by equation (11) rather than by

(1). In both of the frequentist models, the parameter B is significant (its p-value is less
than 0.05 in both cases) and therefore the variable age affects the presence of the
patient at the visit.

As in the Frequentist method, also in the Bayesian one the difference between the
logit and the probit regressions consists only in the link function, which in the first is
represented by function (1), while in the second by (11). The prior distributions of the
probit model remain flat as in that logit and the initial values for the parameters are
the same chosen for the logistic one. The standardization of the explanatory variable
is used to avoid overflow in the estimation of the fraditional Bayesian probit model.
The methods proposed by Gelman differ from the new method for the link function
and for the choice of the prior distributions of the parameters « and g, which have
two Cauchy distributions. In Gelman's methods, the link function is represented by
equation (1) in the logit regression and by (11) in the probit one, while in the new
model by function (3). In the logistic model proposed by Gelman, the intercept a
follows a Cauchy distribution with center O and scale 10, while the coefficient of the
regressor, i.e. B, follows a Cauchy distribution with center 0 and scale 2.5. Instead, in
the probit model proposed by Gelman, the prior distribution of the intercept is a
Cauchy with center O and scale 16, while the parameter B follows a Cauchy
distribution with center 0 and scale 4. Gelman chooses the distribution of Cauchy,
because he considers it better than the normal for its characteristic shape. In a
Normal, the values around zero are more probable and the extreme ones are less
probable if they are compared to those of a Cauchy (Gelman et al., 2008).

Comparison
The comparison among the methods is developed using the mean square error of
the predictor ¥, given by
Is (5. 232
MSE = M’ (12)
S

where j; is the estimated value and y; is the observed value. In the regressions with
binary Y, y; is exactly the same as p; and therefore the MSE is called Brier score
(Rufibach, 2010). This statistic is chosen to compare the different methodologies
because it measures the difference between the observed value and the estimated
one. The MSE values of the various methods are shown in Table 4, but only for the
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new method and the fraditional Bayesian ones (logit and probit) the MSE values are
calculated using the different numbers of MCMC iterations.

Table 4 MSE
iterations
10000 15000 20000 40000 50000
New method 0.154564 | 0.154576 | 0.154604 | 0.154585 | 0.154579
Bayesian Logistic 0.155365 | 0.155366 | 0.155366 | 0.155367 | 0.155367
Bayesian Probit 0.155352 | 0.155351 | 0.155351 | 0.155351 | 0.155351

Frequentist Logistic | 0.155373
Frequentist Probit 0.155355
Gelman's Logistic | 0.155373
Gelman'’s Probit 0.155355

The convergence test proposed by Brooks, Gelman and Rubin (Brooks, Gelman,
1998) shows that the parameters estimated by the traditional Bayesian models come
from a stationary distribution already with 10000 iterations, indeed the square root of
the corrected SRF is less than 1.1 for both parameters and also the multiple PSRF is
less than 1.1 (Table 5 and Table 6).

Table 5 vCorrectedSRFand MultiplePSRF for traditional Bayesian logistic model

iterations
10000 15000 20000 40000 50000
v CorrectedSRF
o 1.000801 1.000051499 1.00008 1.00002 1.000014
B 1.00072 1.000219976 1.000176 1.00006 0.999992
MultiplePSRF 1.001557 1.000547 1.000295 1.000038 | 0.9999807
Table é VCorrectedSRFand MultiplePSRF for fraditional Bayesian probit model
iterations
10000 15000 20000 40000 50000
VCorrectedSRF
o 1.000082 1.000145 1.000235 1.000025 1.00004
B 1.00007 1.000039 1.000135 0.999992 | 0.999992
MultiplePSRF 1.000199 1.000383 1.000529 1.000054 | 1.000064

The Frequentist logit regression and the Gelman’s logit method have the same
MSE approximated to the sixth digit after the point, the same equivalence is frue for
the Frequentist probit, and the Gelman’s probit. The parameters of the two methods,
indeed, are very similar as shown in Table 7. The new method has always a lower
MSE and therefore it estimates better the variable Y, i.e. the presence at a clinic
appointment.

Table 7 Estimated parameters

a p
Frequentist Logistic -1.020047 -0.009556
Gelman’s Logistic -1.019845 -0.009555
Frequentist probit -0.627001 -0.005556
Gelman's probit -0.626984 -0.005556

The MSE statistic evaluates the model fit. From a Frequentist perspective, the new
model has 3 extra parameters and then it is more complex than the others present in
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literature. However, according Gelman et al. (2014), in a Bayesian analysis the
number of parameters of a model can be different from the effective one, called pp,.
which depends on data.

To explain this concept better, the example made by Gelman et al. (2014), is
reported below. A model yy, ...y, ~N(8,1) with I; large and 6~U(0, o) is analyzed. This
prior distribution can be considered as a non-informative uniform prior distribution.
The number of parameters is 1 but the effective one depends on the data. If y is
close to O, pp is approximately 0.5 but if y is positive and large, the effective number
of parameters increases approximately to 1. Then, in Bayesian analysis, to compare
more models considering also the complexity, it is advised the use of the DIC statistic
because it considers both the model fit and the complexity measured by the
effective number of the parameters (Spiegelhalter et al., 2002). The formula of the
DIC is givenin (13):
where D is the posterior mean deviance and p;, the effective number of parameters
(Spiegelhalter et al., 2002). The DIC is not a good measure when any parameter has
a posterior distribution, which is substantially skewed (McElreath, 2016). In the new link
function only t has a skewed distribution while the parameters w and y have a
symmetric distribution Beta. In the new method and in the Bayesian models the
parameters o and g are distributed as a Normal (0, 1,000,000), while in the Gelman's
models they are distributed as a Cauchy. These distributions are always symmetric.
The values of the DIC are showed in Table 8. Here presented new method has the
smallest DIC, then it perform to be the best in results.

Table 8 Comparison using Deviance information criterion (DIC)

Method DIC

New method 683,713
Bayesian Logistic 685,498
Bayesian Probit 685,311
Gelman’s Logistic 688,213
Gelman's Probit 688,123

Table 9 Comparison between the estimated probability and the observed one (EP)

iterations
10000 15000 20000 40000 50000
New method 0.036443 0.036446 0.036464 0.036457 0.036455
Bayesian Logistic 0.036953 0.036944 0.036943 0.036933 0.036934
Bayesian Probit 0.036909 0.036907 0.036908 0.036908 0.036908

Frequentist Logistic | 0.036883
Frequentist Probit 0.036862
Gelman’s Logistic | 0.036883

Gelman's Probit 0.036862

The comparison between the estimated probability and the observed probability
is used to analyze further the different methods

EP =

Is
Y2,Bi-p)?

Is

(14)

The EP values of the various methods are shown in Table 9. The new method
continues to have the lowest error (Table 9), resulting better.
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Conclusion

For a medical structure, it is fundamental to be able to predict the presence of a
patient at an appointment or at a health check, and to determine the optimal
number of visits to be included in a day. As showed by many empirical studies, a
factor, which influences the rate of presence or absence of the person in a non-
monotone way, is age. Consequently, this work proposes a new link function, in
which the probability of being present at the visit is linked to the explanatory variable
age in a non-monotone way. The parameters of the new link function are estimated
using the Bayesian method. The goodness of this new model is demonstrated by
applying it to a real case and comparing it to other statistical methods. The new
model estimates both the response variable and the probability of presence in a
more precise way than the other compared methods. The goals of the future work
are to refine further the new link function, for example by considering multiple
explanatory variables together and by improving the estimation process of its
parameters so as to lower further the MSE or EP statistics, and then to infroduce the
probabilities estimated by the new method in a system for planning visits.
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Abstract:

This paper aims to evaluate the relationship of real exchange rates of domestic
currencies with macroeconomic variables in Macedonia, Croatia and Serbia by
using econometric approaches. Macedonia is characterized by the regime of a
fixed exchange rate, Croatia is characterized by a managed floating exchange
rate, while Serbia is characterized by the regime of a floating exchange rate. The
choice of an exchange rate regime is an important aspect of economic
management, in order to ensure competitiveness, macroeconomic stability and
development. Evaluation of the relationship of Croatian, Macedonian and Serbian
real exchange rates is performed by employing the consistent methodology of
vector error correction modelling (VECM). According to the results of the analyses of
the real exchange rates on the long run, the selected independent variables have
long-run causdality in case of the real exchange rate of Croatian Kuna. In case of
Macedonian Denar and Serbian Dinar the VECM is inappropriate.
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Intfroduction

Real exchange rate plays a crucial role in open economy. Real exchange rate
represents the relation between nominal exchange rate and prices between two
countries. Real exchange rate is more complex that nominal exchange rate,
because this exchange rate could be explained as number of foreign goods that
could be received in exchange for domestic goods. In addition, this exchange rate
represents the exchange between typical basket of goods in one country and
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typical basket of goods in another country. When in one country the real exchange
rate is raising, this indicates that the goods in this country become more expensive in
relation to the goods of other country. As a crucial macroeconomic variable the real
exchange rate shows the international competence of the country, which means
that the real exchange rate has an effect on the trade balance.

What are the determinants of the real exchange movements in different time
frames is a question that should be always answered. Models of the real exchange
rates (Chinn, 2006) can be classified according to which specific price is object of
focus. The focus can be put over traded goods or non-tfraded goods.

Modeling of the exchange rate determinants as a function of economic variables
can be divided in two categories (Chinn, 2006). The first category is consisted by real
exchange rate models of the nominal exchange rates that are based on the
assumption of sticky prices. In the second category are models that are focused on
a long run real exchange rate. In this category, the long-run relationship is direct or
indirect in accordance with the monetary model. Here the main hypothesis is that a
long-run exchange rate is determined by domestic prices relative to foreign prices.
The long-term values of the real exchange rates may change according to the
changes in the world demand for the output of a given country. Increasing the
relative global demand of a country's output creates a long-term real appreciation
of its currency against another currency from a foreign country, which means the
real exchange rate falls. The decline in the demand for products from one country
causes a long-term depreciation of its currency against the foreign one, which
means the real exchange rate is growing. Prediction of the effects (Farugee, 1995) of
exchange rate changes over the trade balance is difficult. If there is a lack of
information regarding the shock, it may be quite misleading to view the real
exchange rate as an isolated measure for external competitiveness.

Other thing that must be taken into consideration is the behavior of the real
exchange rate under different nominal exchange rates, such as fixed or within
narrow bands and floating exchange rate. Countries with similar or moderate
inflation rate (Mussa, 1986), but two different nominal exchange rate regimes has
substantial and systematic differences in the behavior of the real exchange rate
regimes. Adjustments in the relative prices of the outputs of different nations, that are
response of some actual or anficipated changes in economic conditions, could be
one of the reasons for greater short-term variability under floating exchange rate
regimes, than under fixed exchange rate regimes. The cause of greater short-term
variability under floating exchange rate regimes could be because countries with
fixed exchange rate regimes arfificially impede necessary and desirable
adjustments. Other reason for greater short-term variability of the floating exchange
rate could be the differences in actual or perceived conduct of economic policies.
Commitment of the authorities to the policies consistent with the maintenance of
fixed nominal exchange rates plays a crucial rule in stabilizihg the movements of
nominal and real exchange rates under fixed exchange regime.

The paper has the following structure. Next section has more detailed literature
review on this topic, and associate the author’'s conclusions to our contribution. Data
and the econometric model are described in the Methodology section. The Results
section displays the findings, and in the last section is devoted to Conclusion of the
research.

Literature review
The topic of the determinants that cause the value movements of currencies has
been present in literature after leaving the gold exchange standard. Countries
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began printing more of their national currency, after abandoning the gold standard.
This resulted in creatfion of higher economic growth and higher inflation. For
developing countries (Ghura, Grennes, 1993) in Sub-Saharan Africa and Latin
America chronic misalignment in the real exchange rate has been a major source of
slow growth.

Depending on the development of the country and its exchange regime,
different determinants can cause the movement of the real exchange rate on short-
run and log-run period. Analysis of long-run determinants of USA dollar real
exchange rate (Farugee, 1995), had identified that the current and capital accounts
based on country’s net trade and net foreign asset positions, jointly determine the
long run sustainable real exchange rate. After Broda (2004), fluctuations of the Gross
Domestic Product (GDP) in developing countries with fixed regime are caused by
terms of trade disturbances. In developing countries with floating regime, only 10% of
the fluctuations of GDP are caused by terms of frade disturbances. This difference
can be explained because of larger real exchange rate volatility that exist in floats
than in pegs. Some researches indicate that the exchange rate has a key role in
explaining different observed real GDP responses. In panel research of 14 Sub-
Saharan African countries (Greenaway, Bleaney, 2001) volatility of the real
exchange rate has a negative impact on investments. This panel research shows
that incorporation of the trade liberalisation causes elimination of real exchange
rate overvaluation.

In Serbia (Josifidis et al., 2009), current monetary and exchange rate regimes offer
more discretionary space for monetary authorities to influence over the exchange
rate fluctuations in idirect way via interest rate or directly through foreign exchange
interventions. If the foreign currency inflow from the government borrowing is
replaced with either the inflow of foreign investments or the current account surplus,
than the real exchange rate could be sustainable. In Croatia (Bukovsak et al., 2017),
the structure of capital flows has proved to have an important role for Kuna
exchange rate developments, which should be taken into account in the future
design of monetary policy instruments and macroprudential measures. In
Macedonia, (Bogoev et al., 2008) the appreciation or depreciation of the real
exchange rate is associated with an increase or a decrease of productivity
variables.

Research methodology
This part of the paper aims to identify the variables, which cause long run
movements over Croatian, Macedonian and Serbian real exchange rate?¢ s it
possible that the same variables affect the movement of the real exchange rate of
different currencies on long run, no matter of the type of the exchange rate regime?
Following variables movements are examined: the index of the real exchange rate
of the Dinar against the euro with the CPI deflator, the index of the real exchange
rate of the Denar against the euro with the CPI deflator and the index of the real
exchange rate of the Kuna against the euro with the CPI deflator. Variables that
examine the movements of the real exchange rates in the current country are: gross
reserves of the Cenftral Bank (including gold); average paid gross salary in Euros, total
monthly export in the current period, total monthly import in the current period,
consumer prices index in the current period, currency in circulation, money supply
MT, money supply M2.

Formally, Macedonia is characterized by a regime of fixed exchange rate,
Croatia is characterized with managed floating exchange rate, while Serbia is
characterized by a regime of floating exchange rate. In order to be able to identify
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the variables that affect the movements of the real exchange rates in the long run, it
is necessary to create VECM models.

Data

Time series of the variables are monthly time series with 150 observations or 150
months. The analysed period is from the first month of 2004 until the sixth month of
2016. The data are taken from the Vienna Institute for International Economic Studies
(2018) database.

Methods

As previously mentioned, to analyse the potential relationship between the variables
we use the consistent technique of vector error correction modeling (VECM)
developed by Johansen. In detail, a set of variables that have the property of non-
stationarity at levels, integration of the same order and share a cointegration
relationship(s), form a VECM, under which the short and long run relationships are
modelled together. The advantage of VECM over other statistical methods is its
consistent and robust estimates. Cointegration between two or more variables exist
when their linear combination has a stationary random error. The stationarity of the
error term means that the estimates are consistent, in fact “any omitted non-
stationary variable that is part of the cointegrated system enters the random error
thereby producing nonstationary residuals and leading to a failure to detect
cointegration and producing spurious results”, (Herzer, Volmer, 2012, Brooks, 2014).
Additionally, if cointegration exists, then it also exists in the extended variable space,
thus making VECM estimators robust to omitted variable bias (Johansen, 2000).
Formally, a Vector Error Correction Model is described with the following equation:
AY, = Y;_y + LAY,y + LAY, 5+ + GioqAY o) + U, (1)
where Y= [agross_wages, consumer_pindex, currency, exports, gross_reserves,
imports, m1, real_exg] is a vector of dependent variables, A is a notation for first
difference, t and k respectively denote time and lag; and u; is the error term. In EqQ.
(1) I is a matrix, in which each row forms the implicit form of a cointegration
relationship among the variables, and [Irepresents the vector autoregression
coefficient matrix for the i -th lag.

Results and discussion

All data are seasonally adjusted, using Census X-12 method. As a means to control
for the potential bias due to using the current prices, a trend is added in each
statistical test and equation estimation.

The first step towards estimating a cointegration, respectively a vector error
correction model (VECM), is formally testing the stationarity properties of the
variables. In particular, each variable should include a unit root at their level and be
integrated of the same order. Testing the stationarity of real exchange rates of the
currencies and other macroeconomic variables is by employing the Augmented
Dickey Fuller test, (Brooks, 2014). Each variable has fixed lag length up to 13.
Additionally, in each level specification is used category ,None", also in the
differences is used ,,None". Table 1 presents the results for the stationarity tests. They
suggest that, at 5% significance level, all variables are nonstationary at their levels
and integrated of order one. Exception was money supply M2, which needs two
differentiations to become stationary for each country, so this variable was excluded
for the following analyses. The next step is testing the cointegration relationship
between the relevant variables.
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Table 1 Stationarity test calculation

Variable Level for Level for Level First First First
Macedonian | Croatian for difference difference | difference
Denar Kuna Serbian for for for
Dinar Macedonian Croatian Serbian
Denar Kuna Dinar
agross_wages 3.0946 27112 0.4805 -12.7123 -8.2033 -4.7112
consumer_pindex 0.1773 -0.0281 -0.2586 -12.6072 -11.9117 -12.4779
currency 3.7737 4.0002 2.4683 -14.0419 -4.1516 -13.7042
exports 1.3532 1.3306 2.3217 -18.5371 -15.1846 -16.9021
gross reserves 1.4291 1.2922 1.0446 -11.2370 -14.6399 -10.1697
imports 1.3488 0.6846 0.9173 -13.5791 -7.7021 -20.9585
M1 6.1683 3.3478 6.0059 -4.2855 -11.7492 -4.1892
M2 5.5962 49933 7.1834 -1.4701 -1.37414 -1.0381
real_exg 0.2909 -0.1579 -0.1080 -11.1633 -11.8210 -12.6570

Notes: T- statistics for Augmented Dickey Fuller tests for each variable. In the levels, category
+~None" was included for each variable, also for the difference category ,,None" was
included. Lags length was fixed to 13. * p<0.05.

Source: Brooks, 2014,

Existence of cointegrating vector between the real exchange rate of the country
and other variables implies that the variables share an equilibrium relationship that
on the long run is independent from the short run shocks. Testing the presence of
cointegration is by using Johansen cointegration tests, which differ two tests: i) the
Maximum Eigenvalue; ii) Trace test, both described in Johansen.

Table 2 Cointegration tests calculation

Johansen test - Com‘regro;on Vectors =
1. Serbia
Maximum Eigenvalue 156.0397 111.9759 70.5068
Trace test 44.0637 41.4690 27.0438
2. Croatfia
Maximum Eigenvalue 146.6282 98.2629 54.9309
Trace test 48.3652 43.3319 22.8492
3. Macedonia
Maximum Eigenvalue 132.9625 82.7337 56.1643
Trace test 50.2287 26.5693 23.5120

Notes: Lag length was fixed between 1 and 4.* p<0.05.
Source: Johansen, 1988.

The statistics for all tests are shown in Table 2. At 5% significance level, both, the
Maximum Eigenvalue and Trace fests indicate that there is three cointegrating
vectors between the variables in case of Croatian Kuna and 2 cointegrating vectors
between the variables in case of Serbian Dinar and in case of Macedonian Denar.

Since variables has unit root, they are integrated of same order and cointegrated
we proceed to estimation of the vector error correction model. We study the
cointegrating, long run dynamics of vector error correction model (VECM).

Table 3 provides the results for the cointegration relationship. According to the
results presented in Table 2, the independent variables: gross reserves of the Central
Bank (including gold); average paid gross salary in Euros, total monthly export in the
current period, total monthly import in the current period, consumer prices index in
the current period, currency in circulation, money supply M1 does not have long run
causality with real exchange rates in case of Serbian Dinar and Macedonian Denar
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because p value is higher than 0,05 and their VEC models are not suitted. In case of
vector error correction model of Croatian Kuna, the Error correction term has
negative sign, also the p value is smaller than 0,05, so the independent variables
jointly affects the movement of real exchange rate of Croatian Kuna.

Table 3 Vector error correction model — VECM calculation

Real exchange

Real exchange Real exchange
. ) rate of
rate of Serbian | rate of Croatian .

. Macedonian
Dinar Kuna

Denar
Error correction term (ECT) -0.3586 -1.0213 -0.7342
p value of ECT 0.0637 0.0000 0.0906
R squared 0.3141 0.5470 0.4862
Durbin — Watson stat. 2.0068 1.8674 2.1959

Notes: Lag length was fixed between 1 and 2. * p<0.05.
Source: Johansen, 1988.

Between this real exchange rate and independent variables has long run
causality. One unit of change of the independet variables, jointly will cause change
of the real exchange of Croatian Kuna for 0.358629 units. The R squared in the
Croatian model, shows that the selected variables explain 54.7% of the movement of
the real exchange rate of Croatian Kuna on a long run. Also, the R square is lower
than Durbin — Watson statistic and we don't need to worry for this model that could
be spurious.

Conclusion

In this paper is addressed the issue of the unknown relationship among the real
exchange rates of Serbian Dinar, Croation Kuna and Macedonian Denar and
macroenomic variables in corresponding economy. This relationship is analysed by
constructing a vector error correction model, especially suited for evaluating the
long run dynamics of an econometric system.

According to the results of the analyses it was found out that on the long run, the
selected independent variables have long run causality in case of real exchange
rate of Croatian Kuna. Croatfion Kuna characterized with managed floating
exchange rate and one of the reason for appropriate VECM might be that in
selected independent determinants has monetary determinants such as money
supply M1, currency in circulation and gross reserves of the Central Bank (including
gold), that can conftribute in good long run model. Another reason can be stability
of the consumer price index in analysed period and partfial stability of the average
gross wages after the world economic crises in 2008. Some other research papers for
the exchange rate development of the Croatian Kuna, prove that the capital flow
structure has an important role.

In case of real exchange rate of Serbian Dinar, it was found out that the selected
variables create inappropriate VECM. This might be a result of the current monetary
and exchange rate regime in Serbia, where monetary authorities can influence over
the exchange rate fluctuations indirectly via interest rate or directly through foreign
exchange interventions.

In case of real exchange rate of Macedonian Denar, the inappropriate real
exchange rate VECM is outcome because in the research variables such as
productivity, government consumption and openness were excluded. This variables
are fairly robust in terms of sign and size.
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According to the research findings it can be concluded that different variables
cause the movement of the real exchange rate on long run for different exchange
rate regimes. In case of fixed exchange rates, commitment of the authorities to the
policies consistent with the maintenance of fixed nominal exchange rates, plays a
crucial rule in stabilizihg the movements of nominal and real exchange rates under
fixed exchange regime. Also, the level of economic development of the countries
has an influence over the movements of the real exchange rates. Croatian
economy has higher level of economic development in comparison with
Macedonian and Serbian economy.
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Abstract

The expansion of the Internet has radically changed the way in which citizens travel,
book and organise travel arrangements. Since innovation and new information
technologies have become crucial determinants to encourage competitiveness in
the tourism sector in Europe, this article investigates how selected development
indicators influence the Percentage of individuals that use Internet for travel and
accommodation services. Eurostat data for 34 European, European Union (EU-28)
and selected EU candidates, countries for 2017 were analysed. It has been
presented that (1) Gross Domestic Product per capita in Purchasing Power
Standards; (2) Percentage of population aged 15 to 64, by tertiary education; as
well as (3) Percentage of individuals aged 16 to 74, who have basic or above basic
overall digital skills, all correlate positively and strongly with the main variable under
study. The conducted regression analysis has shown that variable digital skills has the
greatest impact on the main variable under the study. The K-mean clustering of
countries resulted with four clusters. The Western Balkan countries can be found in a
cluster which has in average the lowest values of all four variables in compare to the
averages of other three clusters.
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Infroduction

According to Mondekar (2017), who analysed the Digital Economy in Southeast
Europe, emphasizing opportunities and challenges, the digital economy is a part of
the World's global tfrends. Internet changes introduce prosperity to mobility in
general, but especially to tourism, education, financing, living and Transportation,
becoming a great test for traditional business models, changing the lives of the
citizens.

European Commission (2017) reported on Special Eurobarometer on "attitudes
towards the impact of digitisation and automation on daily life”, based on a large
scale survey research of EU citizens, who were interviewed in March 2017. Three
quarters of Europeans think that digitisation effects the economy positively, replacing
more jobs than it creates, and two thirds of Europeans think that it influences
positively on the society. More than 40% of respondents who are employed think that
their jobs could partially be replaced by artificial inteligence or a robot. According
to European Commission (2018a), the Digital Economy and Society Index (DESI),
which is an online tool to measure the progress of EU Member States towards a
digital economy and society, considers Europe’s current digital policy mix. It includes
five main dimensions, among which use of Internet for e-commerce (online selling,
cross border selling).

Tourism sector plays a significant role for the whole Europe, as the most important
World destination. Being a major economic activity in the European Union, tourism
impacts widely on growth of the economies, social development and employment.
It appeared to be a prevaiing means against unemployment and economic
weakening. Nowadays the tourism sector has a number of challenges. The European
Commission works to address these with policies and actions. In European
Commission (2018b) overview of EU tourism policy is presented. Besides economic
competitiveness, growing demand of new products, security and safety issues of the
European tourism industry, as the most challenging factor technological issues are
focused, such as keeping up to date with IT developments caused by the
globalisation of information and advances in technology, IT tools for booking
holidays, social media providing advice on tourism services, etc.

Not only the European Union member states (EU-28), but candidate countries from
the Western Balkans are pushed by the tourism sector, and especially Croatia and
Montenegro. The Institute of Economics Zagreb (2018) SEE-6 Economic Outlook gives
an outline of economic trends and short-term forecasts for the six countries of
Southeast Europe: Bosnia and Herzegovina, Croatia, Macedonia, Montenegro,
Serbia and Slovenia. It has been discussed the economic trends in the mentioned
countries providing the analysis of the Global Competitiveness Index (GCI), indicator
infroduced in 1979 by World Economic Forum, which measures the driving factors
long-term growth and prosperity. In line with the overall GCI index, the most
competitive SEE-6 country appeared to be Slovenia, ranked as 48th in the World in
2017, whereas Bosnia and Herzegovina rank has been ranked 103rd, being the
lowest as compared to the remaining five SEE countries. The other SEE-6 countries
have the rank close to each other: Macedonia (68), Croatia (74), Montenegro (77).
and Serbia (78). Recently, Serbia and Slovenia approaches the competitiveness gap
to the most competitive economies of the World. Croatia is ranked with no specific
trend, more or less stable. Bosnia and Herzegovina and Montenegro have got
negative frend. Macedonia, showed a positive trend up to 2015, but slightly
declined in 2016.
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The authors of this paper were curious about digitalisation and economic
development impacts on booking for travel and accommodation. So, in this paper,
two research hypotheses have been defined. In the first hypothesis it is stated that
the highest importance on online booking for travel and accommodation should
have variable digital skills. The second research hypothesis assumes that the Western
Balkan (WB) countries have undeveloped online booking for travel and
accommodation level in compare to the other European countries. The hypotheses
have been tested for the WB countries with the available data.

The paper is organized as follows. After the brief infroduction, in the second
section literature review is provided. In the third section attention to used data and
methods is given. Following three sections are dedicated to data analysis. Firstly, the
data are described by using different descriptive statistics methods. After that the
correlation and regression analysis was applied. Finally, the clustering analysis was
conducted. The final section of the paper concludes it.

Literature review

The rise of the internet usage has visibly changed the way of travelling and booking
accommodation and arrangements, as well as the manner the enterprises are doing
business in tourism. The European Commission (2010) promoted Europe as the world's
No 1 tourist destination, defining the mainstream and a new political framework for
tourism in Europe, highlighting that innovation and new information technologies
have become responsible features to encourage competitiveness in the European
tourism sector. After the 2008 crisis, European tourism is by the strategic means
strongly encouraged towards an increase.

Minghetti and Buhalis (2010) are emphasizing Digital Divide in tourism and
proposes an incorporated theoretical framework to discover the main aspects,
which lead to equal access and use of ICTs for both tourists and destinations. It treats
all social, and motivational concerns, as well as technical aspects, resulted from
various digital divide analysis with the goal to recognize how these features influence
the markets’ and destinations’ capacity to act together effectively within a tourism
background globally.

The authors studied the Eurostat online booking indicator, using variety of
statistical methods, mostly with data form 2013 for EU-28 and candidate countries.
So, Zmuk, Dumici¢ and Mihajlovi¢ (2014) perform descriptive and cluster analysis of
European countries regarding online booking of individuals for travel and holiday
accommodation and selection of development indicators. Firstly, positive correlation
with four independent variables, GDP per capita, Public expenditure on education,
Internet penetration rate and the Individuals' level of Internet skills, was recognized.
Further, hierarchical clustering gathered in the same cluster Bulgaria, Romania,
Turkey, the Former Yugoslav Republic (FYR) of Macedonia and Serbia. In the same
time, Croatia did not join the cluster of these SEE countries, even though having an
under-average percentage of individuals who are booking online, similarly to those
countries, but it joined the cluster of the developing EU countries, respecting
variables under study.

Dumici¢, Zmuk and Ceh Casni (2015, 2016) analysed online booking for travel and
holiday accommodation, as the main variable under study using more multivariate
methods. In Dumici¢, Zmuk and Ceh Casni (2015) authors conducted multiple
regression modelling, when analysing the impacts on online booking for travel and
holiday accommodation in 2013 for selected South-East European (SEE) countries,
the European Union (EU28) countries and EU candidates, Turkey, the FYR of
Macedonia and Serbia. The influence of Internet penetration rate and ICT skills on
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the percentage of individuals who booked travel and holiday accommodation
online was studied. Authors applied hierarchical and non-hierarchical clustering
methods, as well. The SEE countries, and Turkey, the FYR of Macedonia, Serbiaq,
Bulgaria and Romania were gathered in the same cluster. Other more developed
SEE countries joined the other EU countries.

Later on, Dumici¢, Zmuk and Ceh Casni (2016) performed regression analysis
based on two recognized factors resulting from the factor analysis of determinants of
internet booking usage for the same selection of countries, but with more variables.
Online booking as the main variable under study was regressed on these two factors.
Factors were extracted using the principal component analysis, the first, Economic
Factor, was comprised of Gross Domestic Product (GDP) per capita in Purchasing
Power Standards (PPS), the share of GDP given for education and the Internet
penetration rate. The second was Internet Skills Factor. Both recognized factors
influenced online booking for travel and holiday accommodation, as the
dependent variable.

Dumici¢, Zmuk and Mihajlovi¢ (2016) conducted a panel analysis for 31 selected
European countries, from 2003 to 2014, with the goal to determine the individual and
the common impact of the development indicators on online booking. The analysis
has shown that the share of GDP for education, an individual's wealth and the
Internet penetration rate have a positive influence on online booking, though the
percentage of individuals with low level Internet skills has a negative influence.

Mihajlovi¢ (2014a) analysed the influence of global trends on of travel
infermediaries’ transformation at the of macro environment level, focusing Croatia.
In Mihajlovi¢ (2014b) new challenges for intermediaries influenced by new trends in
consumer behaviour and new ICT solutions were studied.

Mihajlovi¢, Mili¢ Beran, and Krzelj Colovic (2014), analysed the role of
technological innovations as a prerequisite of the communication efficiency
between service providers and tourists who need to decide about travel, while
Mihajlovic, and Raguz (2018) recognized the key drivers of business tfransformations in
the travel infermediaries environment.

Data and methods

In the paper overall four carefully chosen variables will be observed. The main
variable under the study is variable INTBOOK which represents percentage of all
individuals that use Internet for tfravel and accommodations services. According to
the literature review following three variables have been chosen as the most
appropriate to describe changes in the variable INTBOOK: gross domestic product
(GDP) per capita in purchasing power standards (PPS) given as indices where
EU28=100 (GDPpc_PPS); percentage of population with tertiary education aged
from 15 to 64 years (EDUC_L5-L8); percentage of individuals aged from 16 to 74 years
who have basic or above basic overall digital skills (DIGSKILLS). Data for all data was
collected from Eurostat database (Eurostat, 2018a-d).

The data were collected for the following 34 European countries: Belgium;
Bulgaria; Czech Republic; Denmark; Germany; Estonia; Ireland; Greece; Spain;
France; Croatia; Italy; Cyprus; Latvia; Lithuania; Luxembourg; Hungary; Malta;
Netherlands; Austria; Poland; Portugal; Romania; Slovenia; Slovakia; Finland; Sweden;
United Kingdom; Iceland; Norway; Switzerland; Montenegro; the Former Yugoslav
Republic of Macedonia; Turkey. The first 28 listed countries are current European
Union member states whereas the other countries are closely related or are even
European Union candidate. All collected data contained information about the
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variable values related to 2017. However, due to missing value, the DIGSKILLS
variable value for Italy was estimated by taking value from 2016.

In the first step, the descriptive statistical analysis of all four observed variables will
be conducted. On that way the main characteristics of variables will be revealed
and possible outliers will be detected. In order to detect presence of outliers in the
datasets Grubbs' test or the maximum normed residual test and standardized
variable approach will be used. If there are found out to be some outliers, they will
be excluded from the following analyses.

After descriptive statistics analysis, correlation and linear regression modelling will
be applied. The relationship of the variable INTBOOK, the main variable under the
study, with other three variables will be inspected separately by forming simple linear
regression models. Multiple linear regression modelling will be applied as well but only
statistically significant and valid regression models will be shown.

In order to group countries according to their characteristics, the cluster analysis
will be conducted. K-means clustering approach will be applied. The contents of
resulting clusters will be commented and discussed with special focus on the WB
countries.

Exploratory data analysis

In order to reveal the main characteristics of the observed variables the descriptive
statistical analysis was conducted and the results are given in Table 1.

Table 1 Descriptive statistics results for all four observed variables, n=34 countries,
data for 2017

Statistics varicbles

INTBOOK | GDPpc_PPS | EDUC_L5-1L8 | DIGSKILLS
Mean 37.94 99.41 28.48 57.24
Median 40.00 90.50 29.85 55.50
Mode 57.00 77.00 Multiple 50.00
Frequency of mode 3 3 2 4
Sum 1,290.00 3,380.00 968.40 1,946.00
Minimum 10.00 37.00 15.30 29.00
Maximum 71.00 253.00 39.60 85.00
Lower Quartile 23.00 68.00 20.90 48.00
Upper Quartile 56.00 123.00 35.30 71.00
Range 61.00 216.00 24.30 56.00
Quartile Range 33.00 55.00 14.40 23.00
Variance 320.84 1857.76 56.86 242.06
Standard deviation 17.91 43.10 7.54 15.56
Coefficient of var. 47.21 43.36 26.47 27.18
Skewness -0.08 1.54 -0.25 0.03
Kurtosis -1.22 3.76 -1.37 -0.70

Source: authors.

According to the results from Table 1, the average percentage of individuals that
use Internet for travel and accommodation services is 37.94%. Median value shows
that in 50% of observed countries 40% or less individuals use Internet for travel and
accommodation services whereas in 50% countries there are 40% or more such
individuals. The range at variable INTBOOK is 61 percentage points which suggests
that there are great differences of percentage of individuals that use Internet for
travel and accommodation services between the countries. Coefficient of variation,
of 47.21%, confirms that there is present high level of data variability.
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The variable GDPpc_PPS is given as index variable where EU28 average is set to
be 100. The median value indirectly shows that there are more than 50% of countries
in the sample that have GDPpc_PPS value below that average. In addition, the
range shows that the difference between the developed and the undeveloped
countries is huge. The great variability of variable GDPpc_PPS is confirmed by
coefficient of variation value (43.36%). The variability levels at variables EDUC_L5-L8
and DIGSKILLS are not as high as at previous two variables but the ranges reveal that
there are great differences between countries with the highest and the lowest
values of the observed variables.

Table 2 Grubbs test results for n=34 and for n=33 countries

Variable n=34 copq’rries n=33 coprﬁries
Grubbs test statistic | p-value | Grubbs test statistic | p-value
INTBOOK 1.8456 1.0000 1.5667 1.0000
GDPpc_PPS 3.5633 | 0.0023 2.6244 | 0.1865
EDUC_L5-L8 1.7482 1.0000 1.7141 1.0000
DIGSKILLS 1.8148 1.0000 1.9079 1.0000

Source: authors.

The Grubbs test was applied to detect whether an outlier is present in the dataset.
The null hypothesis of the Grubbs test has a statement that in the dataset are no
outliers whereas the alternative hypothesis contains statement that there is present
one outlier (Zmuk, 2017). According to Table 2, when all 34 countries are observed,
the conducted Grubbs test shows, at significance level of 5%, that there is an outlier
at variable GDPpc_PPS. The standardized variable has shown that the lowest z-score
at variable GDPpc_PPS is -1.45 whereas the largest is 3.56. Accordingly, it can be
concluded that the highest value at variable GDPpc_PPS can be considered as an
outlier. Consequently, Luxembourg, which has the highest value at variable
GDPpc_PPS, is omitted and therefore in all further analyses 33 countries are
observed.

In addition, the Grubbs test was conducted again after omitting Luxembourg. The
results from Table 2 are suggesting, at significance level of 5%, that there are no
more outliers present in the datasets.
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Figure 1 Profile diagrams of observed Western Balkan countries
Source: authors.
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In the dataset it can be found four WB countries: Croatia, Montenegro, the Former
Yugoslav Republic of Macedonia and Turkey. Unfortunately, for other WB countries
data was unavailable. In Figure 1 profile diagrams based on the standardized values
of observed variables of the four WB countries are shown. The profile diagrams
reveal that the observed WB countries are really below the average at all four
observed variables. In addition, the Former Yugoslav Republic of Macedonia and
Turkey have the lowest values of variable INTBOOK among all observed European
countries.

Regression modelling for explanation of online booking
According to the conducted literature interview, there should be statistically
significant correlation of the main variable under the study, INTBOOK, with each of
the other three observed variables separately. In order to inspect that, the
correlation matrix was calculated and presented in Table 3.

Table 3 Correlation matrix, n=33 countries

Variables INTBOOK | GDPpc_PPS | EDUC_L5-L8 | DIGSKILLS
INTBOOK 1.0000 0.8100*** |  0.6746*** | 0.9096***
GDPpc_PPS | 0.8100*** 1.0000 0.6539*** | 0.7156***
EDUC_L5-L8 | 0.6746*** 0.6539*** | 1.0000 0.6512%**
DIGSKILLS 0.9096*** 0.7156*** | 0.6512*** | 1.0000

Note: statistically significant at significance level of: *10%, **5%, ***1%.
Source: authors.

According to results from Table 3 variable INTBOOK has statistically highly
significant linear, positive and strong correlations with each of the other three
variables. Therefore it makes sense to believe that simple linear regression models,
where INTBOOK has role of dependent variable and the other three variables have
roles of independent variables, will be statistically significant as well. The main results
of the conducted simple linear regression modelling are shown in Table 4.

Table 4 Main results of the simple linear regression models, dependent variable
INTBOOK, n=33 countries

Statistics Model 1 Model 2 Model 3

Independent variable GDPpc_PPS | EDUC_L5-1L8 DIGSKILLS

Intercept (,@ ) -1.8720 -6.3157 -21.8918***
0 (5.3531) (8.7936) (4.9880)

Slope (ﬁl) 0.4096*** 1.527 6*** 1.0432***
(0.0533) (0.3003) (0.0856)

Standardized slope 0.8100%** 0.6746*** 0.9096***
(0.1053) (0.1326) (0.0746)
R-squared 0.6561 0.4550 0.8274
Standard error of regression 10.2460 12.8973 7.2574

F-statistic 59.1298*** 25.8831*** 148.6473***

Durbin-Watson statistic 1.6395 1.2700 1.6400
Breusch-Godfrey serial correlation LM test stat. 1.1457 5.9635* 1.2725
Jarque-Bera test statistic 4.8224* 0.2427 0.9371
Breusch-Pagan-Godfrey heterosked. test staf. 5.9367** 0.0018 0.0190

Note: statistically significant at significance level of:

Source: authors.
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The results from Table 4 confiirmed assumption that all three simple linear
regression models will be statistically significant. Furthermore, the results presented in
Table 4 show that all prerequisites of simple linear regression model are fulfilled at all
three observed models. At all three linear regression models it has been shown that
one unit increase of independent variable will result in increase of the dependent
variable as well. However, it has been shown that the highest absolute impact on
dependent variable INTBOOK has variable DIGSKILLS. Namely, it has been shown
that one standard deviation increase of variable DIGSKILLS would in average result in
0.9096 standard deviations increase of variable INTBOOK.

Table 5 Main results of the multiple linear regression model, dependent variable
INTBOOK, the first independent variable GDPpc_PPS, the second independent
variable DIGSKILLS, n=33 countries

Statistics Model 4
. GDPpc_PPS (X1)
Independent variables DIGSKILLS (X2)
A -22.4249%**
Intercept (B,) (4.2436)
B 0.1648***
1 (0.0459)
A 0.7757***
B, (0.1042)

. 5 0.3259%**
Standardized f; (0.0908)

. 5 0.6764***
Standardized f, (0.0908)
R-squared 0.8793
Adjusted R-squared 0.8712
Standard error of regression 1,142.260
F-statistic 109.2521***
Durbin-Watson statistic 1.5007
Breusch-Godfrey serial correlation LM test stat. 2.1837
Jarque-Bera test statistic 0.4563
Breusch-Pagan-Godfrey heterosked. test stat. 1.8301

Note: statistically significant at significance level of: *10%, **5%, ***1%.
Source: authors.

Despite the full multiple linear regression model, where variable INTBOOK is
dependent and variables GDPpc_PPS, EDUC_L5-L8 and DIGSKILLS are independent,
turned to be in general highly statistically significant (F=70.99, p-value<0.0001), it has
been shown that variable EDUC_L5-L8 is not statistically significant (t=0.4597, p-
value=0.6492). Because of that in the Table 5 the main results of the multiple linear
regression model, where dependent variable is INTBOOK and independent variables
are GDPpc_PPS and DIGSKILLS, is only shown. The standardized coefficients have
shown that variable DIGSKILLS again has the highest relative impact on variable
INTBOOK. On that way it can be concluded that variable digital skills is the most
important in describing of changes in variable Internet use for travel and
accommodations services.

K-means clustering of countries
In the following analysis, all four observed variables will be used together to group
observed countries according to values of those variables. On that way different
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groups of countries with unique characteristics will be observed. In order to group
countries, k-means clustering algorithm will be used. Squared Euclidean distances will
be used as a distance measure whereas the maximized initial distance between
cluster centres is chosen as well. According to the rule of thumb the number of

clusters should be equal to /n/2 (Hair et al., 1987, Wooldridge, 2013). In the analysis

data for 33 European countries is observed and because of that it has been
decided that the clustering procedure should result in four clusters solution.

In order to validate successfulness of clustering, results from analysis of variance
table are observed. The results have shown that all four included variables can be
treated as highly statistically significant in the clustering process (all corresponding p-
values are smaller than 0.0001).

Table 6 Cluster members, k-means clustering, squared Euclidean distances, g=4
variables, n=33 countries

Cluster 1 Cluster 2 Cluster 3 Cluster 4
Belgium; Cyprus; Bulgaria; Croatia; Austria; Czech Denmark; Finland;
Ireland Greece; Hungary; Republic; Estonia; Iceland;

[taly; Latvia; France; Germany; Netherlands;
Lithuania; Malta; Slovakia; Norway; Sweden;
Montenegro; Poland; Slovenia; Spain Switzerland; United
Portugal; Romania; Kingdom
The Former Yugoslav
Republic of
Macedonia; Turkey

Source: authors.

In Table 6 the cluster members of the clusters are shown. The Cluster 1 has only
three countries whereas the Cluster 2 is the largest with 13 countries. The Cluster 3 is
consisted of 9 countries and in the Cluster 4 can be found 8 countries. According to
Table 6 all four observed WB countries (Croatia, Montenegro, the Former Yugoslav
Republic of Macedonia and Turkey) can be in the same cluster (in the Cluster 2).

Table 7 Cluster means, k-means clustering, squared Euclidean distances, g=4
variables, n=33 countries

Cluster Variable
INTBOOK GDPpc_PPS | EDUC_L5-L8 DIGSKILLS
1 42.33 128.33 37.70 53.00
2 18.23 64.92 22.54 42.62
3 43.44 96.78 27.08 59.56
4 58.00 128.38 35.58 76.50

Source: authors.

In Table 7 cluster means of the four observed variables for the countries in the
clusters are provided. It has been shown that countries in the Cluster 2, among which
can be found WB countries, have the lowest average values at all four observed
variables. On the other hand, countries which can be found in the Cluster 4 have the
highest values of averages at almost all four variables. Only countries from the
Cluster 1 have slightly higher EDUC_L5-L8 average than the Cluster 4 countries. It is
interesting to observe that countries from the Cluster 1 and the Cluster 4 have almost
the same GDPpc_PPS and EDUC_L5-L8 averages, but countries from the Cluster 4
have higher DIGSKILLS average and therefore higher INTBOOK average as well. In
order to better describe differences between the clusters, normalized cluster means
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are shown in Figure 2 whereas graphs of distributions for observed variables are given

in Figure 3.
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Figure 2 Normalized cluster means, k-means clustering, squared Euclidean distances,
g=4 variables, n=33 countries

Source: authors.

INTBOOK GDPpc_PPS
0.20 0,030
0.18
0,025
0.16
> =
< 0,14 2 0,020
& 0,12 3
o >
g 0.10 E 0,015
Q O
8 008 5 0010
2 006 o
0,04 0,005
0.02 — Cluster 1 0,000 — Cluster 1
0,00 — Cluster 2 -100 0 100 200 300  — Cluster2
-10 0 10 20 30 40 50 60 70 80— Cjuster3 -50 50 150 250 350 — Cjuster 3
INTBOOK —— Cluster 4 GDPpc_PPS —— Cluster 4
EDUC_L5-L8 DIGSKILLS
0.22 0.10
0.20 0,09
0.18 0,08
> 016 Z 007
‘@ C
é 0.14 L 006
> 0,12 :;‘ 0,05
5 0,10 B 004
O Q
g 0,08 QQ_ 0,03
< 0,06 0,02
0,04 0,01
002 — Cluster 1 0,00 — Cluster 1
0,00 — Cluster 2 0 20 40 60 80 100 — Cluster 2
0 5 10 15 20 25 30 35 40 45 50 — C|uster 3 10 30 50 70 90 — Cluster 3
EDUC_L5-L8 —— Cluster 4 DIGSKILLS — Cluster 4

Figure 3 Graphs of distributions for observed variables, k-means clustering, squared
Euclidean distances, g=4 variables, n=33 countries

Source: authors.

95




Croatian Review of Economic, Business and Social Statistics (CREBSS)

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) Vol. 4, No. 2, 2018, pp. 86-98

The results from K-means clustering of countries show that the WB countries belong
to a group of European countries with the lowest levels of the observed variables.
Figures 2 and 3 clearly show that countries from the Cluster 2, where WB countries
can be found, have convincingly the lowest values of variable INTBOOK. On that
way it can be concluded that the WB countries have really undeveloped online
booking for travel and accommodation level in compare to the other European
countries.

Conclusions

The development of Internet has changed many things in everyday life of
individuals. One of such thing is ability to use Internet for tfravel and accommodation
services. By using Internet individuals can easily make their travel arrangement and
book accommodation at a location of their choice. Nowadays the tourism got very
important position in the development of each country. Consequently, the
importance of the possibility to use Internet for travel and accommodation services
increases as well.

The research has shown that digital skills have greater relative impact on use
Internet for tfravel and accommodations services than the development variables
like GDP per capita or share of highly educated individuals. That finding suggest that
individuals should be more taught about how to use Internet and to develop their
Internet and digitals skills.

Unfortunately, the research has shown that the WB countries are way back in
compare to the other European Union when use Internet for travel and
accommodations services is observed. Not only the WB countries lagging behind
other European countries according to that, but they fall behind according to values
of other development variables which are crucial for use Internet for travel and
accommodations services development.

The main limitation of the paper can be found in the fact that not all WB countries
are observed. On that way somewhat limited conclusions could be made. Because
of that, it is recommended to, for the purpose of future research, try to collect data
for all WB countries.
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