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Focus, Goal and Scope

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientfific journal
published by the Croatian Statistical Association (CSA) in two issues per year, available in printed
(print ISSN 1849-8531) and electronic (online ISSN 2459-5616) versions. The online version is
available at the publisher De Gruyter Open website: https://www.degruyter.com/view/j/crebss.

Why subscribe and read

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientfific 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.

Why submit

The CREBSS journal is a good opportunity for publication of research focusing either on
statistical 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,
polifics, opinion polling, government, education, biomedical and physical sciences, health
and medicine, pharmaceutics, kinesiology, ecology, environment, tourism, sports, leisure, ICT
and quality issues are welcome. Statistical 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 statistical approaches are of special interest. It is
expected that papers are methodologically well sounded, and that real life problems are
freated, showing novel solutions.

Our policy is to give feedback to authors as fast as possible. After receiving the paper that is
prepared according to Author instructions, editorial board will inform the author on
appropriateness of the paper to the journal within two weeks. The first reviews will be
delivered within two months, as the latest. Reviews provided are thorough and give to
author/s clear directions on how to improve the paper.

Description

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.
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Indicators of sustainable development
performance: Case study of European Union
countries
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Dana Bucalo Jeli¢
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Abstract

A sustainable development strategy is an essential long-term strategy that aims to
bring about a balance of three key policy factors: sustainable economic growth
and economic and technological development, sustainable development of
society based on social equality, and environmental protection with a rational use of
natural resources. The sustainable development strategy is very complex and
contains a large number of indicators, so one of the statfistical methods that can be
used for this complex problem is the I-distance method. It was created as a need to
rank countries according to the level of socio-economic development and the
problem was how to take advantage of all the indicators in order to calculate a
synthetic indicator which would represent the rank. The I-distance method in this
paper is used for the ranking of 18 countries of the European Union based on ten
indicators that have been selected in accordance with the EU Sustainable
Development Strategy. The used headline indicators come from the following areas:
socio-economic development, sustainable consumption and production, social
inclusion, demographic changes, public health, climate change and energy,
sustainable transport, and global partnership. By analysing the inifial set of indicators
and their correlation coefficients with the found I-distance values, the following most
important indicators were found: official development assistance as a share of the
gross national income, employment rate of older workers, healthy life years and life
expectancy at birth (males), energy consumption of transport relative to GDP eftc.
Countries that occupied the top three places were Sweden, Luxembourg, and
Finland while Croatia, Poland, and Slovenia occupied the last three places.

Keywords: EU countries, |-distance method, ranking, sustainable development
indicators.
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Infroduction

The aim of the Sustainable Development Strategy is to lead into balance: sustainable
economic growth and economic and technological development, sustainable
development of a society based on social equality, environmental protection, and
the rational use of natural resources, in the long term. Due to the pressure made by
the ever-increasing population, in comparison with the limited natural resources and
food supplies, these problems are significant issues both at the national and
international level. For this reason the balance should be found and the two
opposing sides, the irresistible progress and ever-decreasing natural resources should
be reconciled. Therefore, it is necessary to continuously monitor indicators that
enable observation of the situation in a country, considering the field of sustainable
development.

The first significant step in terms of sustainable development was the United
Nations Conference on Environment and Development, which took place in 1992 in
Rio de Janeiro. The Commission on Sustainable Development (CSD) was founded in
1993 and its aim was to supervise the implementation of decisions taken (United
Nations, Division for Sustainable Development, 1992). For that purpose, the first set
included 134 CSD indicators. During this time, this first set of indicators was tested
several times, reviewed and adapted to the Millennium Development Goals.
Currently, the actual set of indicators includes the 96 CSD indicators, of which 50
belong to the basic set of indicators (United Nation, Department of Economic and
Social Affairs, 2007).

The EU Sustainable Development Strategy (EU SDS) was launched by the
European Council in 2001 and renewed in June 2006s. Of more than 130 indicators,
ten have been identified as headline indicators. Table 1 demonstrates ten thematic
areas covered by the EU Sustainable Development Indicators (SDI) set. In addition, it
could be seen how these themes are organised according to five dimensions of the
EU SDS.

Table 1 The headline sustainable development indicators by Eurostat

Dimension Theme Headline indicators

Socio-economic .
Economic development Real GDP per capita, growth rate
development Sustainable consumption s

. Resource productivity

and production

Social inclusion People aft risk of poverty or social exclusion
Social Demographic changes Employment rate of older workers
development PUblic health erol’rhy life years and life expectancy at

birth, by sex

Climate change and Greenhouse gas emissions

Environmental energy Primary energy cqnsumphon :
. Energy consumption of transport relative

development Sustainable transport to GDP

Natural resources Common bird index
Global Official development assistance as share

partnership Global partnership of gross national income
Good

governance
Source: Eurostat, 2015.

Good governance No headline indicator
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Due to the availability of data in this study, eight themes of EU Sustainable
Development Strategy and eighteen EU countries are included. The theme ‘good
governance’ has no headline indicator because no indicator is considered
sufficiently robust and policy-relevant to provide a comprehensive overview of the
good governance concept (Eurostat, 2015). Dimension Environmental development
consists of three themes: climate change and energy, sustainable transport and
natural resources. Data for the headline indicator of theme natural resources
“common bird index” are not available for many EU countries; hence, it is not taken
into consideration in this research.

Therefore, in this paper the headline SDI of EU SDS was observed from the
following areas: socio-economic development, sustainable consumption and
production, social inclusion, demographic changes, public health, climate change
and energy, sustainable transport, global partnership.

The aim of this research is to use the appropriate statistical procedures for ranking
eighteen EU countries according to the level of Sustainable Development Strategy
objectives achievements and thus, to identify EU countries which are lagging behind
in this regard. Due to involvement of a large number of indicators in this research
and due to the complexity of the problem, the stafistical I-distance method has
been chosen. This method was created as a tool to rank countries according to the
level of socio-economic development and the problem was how to take
advantage of all the indicators to calculate a synthetic indicator, which would
represent the rank. This method is primarily applied for ranking countries conforming
to their economic development level based on far fewer indicators (lvanovic, 1973;
Ilvanovi¢, Fanchette, 1973) than are used today. Explanation is quite simple, modern
computer technologies and adequate statistical packages provide solutions for
highly dimensional input data matrix.

The idea for this research arose from research conducted by Jankovi¢ Soja et al.
(2016) and Bljamovi¢ et al. (2015). The authors of study by Jankovi¢ Soja et al. (2016)
included 28 EU countries and ranked them according to the achieved objectives of
the 2013 sustainable development strategy on the basis of 20 CSD indicators by UN.
In other research by [ljamovi¢ et al. (2015), the authors analyzed the strategy of
sustainable development of EU countries. The analysis includes a set of indicators
that is formed on the basis of the experiences and research of the authors in the field
of sustainable development. Group of authors Radojici¢ et al. (2012) also observed
the issue of sustainable development in the EU countries, but with a set of headline
indicators from the Eurostat during the year of 2010. Our intention is to establish
whether there has been a shift in the ranking of some countries in the last five years.

Literature review

Numerous studies have recently dealt with the socio-economic development of the
European Union countries (Radojicic et al., 2012; l§ljamovi¢ et al., 2015; Jankovi¢ Soja
et al., 2016) or MENA countries (Milenkovic et al., 2014) using the I-distance method.
Furthermore, the I-distance method was used to rank the EU countries (EU-27) in
accordance with the status of their healthcare systems (Jeremi¢ et al., 2011a), as
well as the world’s universities (Jeremi¢ et al., 2011b). The I|-distance method was
used in agro-economics studies for ranking the municipalities of the Republic of
Serbia according to the level of small and medium entrepreneurship development in
agribusiness (Popovi¢, Maleti¢, 2008), or for ranking the municipalities of Vojvodina
according to their business efficiency (Maleti¢, Popovic, 2014), but also for ranking of
the districts of the Republic of Serbia (Maleti¢, Popovi¢, 2013) in line with the same
criteria.
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In the research conducted by Jankovi¢ Soja et al. (20164), the indicators that
measure sustainable development are chosen according to the instructions of the
Commission on Sustainable Development (CSD), and are prepared by the United
Nations Department of Economic and Social Affairs. CSD indicators are divided
according to their themes which covers three major problems of sustainable
development.

In research conducted by [Sljamovi¢ et al. (2015), the input data for ranking 25
EU countries was obtained from the Eurostat, world development indicators from
the World Bank, Yale's environmental performance index, ICT development index,
Global Footprint Network and Economist Intelligence Unit for the period from 2007
to 2012. The selected indicators authors are classified into three thematic groups:
economic indicators, social indicators and environmental indicators.

Considering the mentioned literature reviewed, the advantages of statistical |-
distance method can be noticed. Firstly, it brings out the significant indicators, and
then it ranks them according to the quantity and importance of the information for
the specific research. Subsequently, it converts them into a single measure that
reflects the level of the goals achieved.

Methodology

The indicators for measurement of sustainable development are chosen according
to the EU Sustainable Development Strategy from Eurostat. The analysis included only
the headline indicators from the areas of sustainable development in accordance
with how are they divided to Eurostat (Table 2).

Table 2 The headline sustainable development indicators for measurement country’s
welfare

Areas of sustainable
development

Socio-economic development Real GDP per capita, growth rate

Sustainable consumption and

Headline indicators

Resource productivity

production

Social inclusion People at risk of poverty or social exclusion

Demographic changes Employment rate of older workers

. Healthy life years and life expectancy at birth, females

Public health Healthy life years and life expectancy at birth, males
Greenhouse gas emissions

Climate change and energy Share of renewable energy in gross final energy
consumption

Sustainable transport Energy consumption of transport relative to GDP

Official development assistance as share of gross
national income

Global partnership

Source: Authors’ own work.

Due to the availability of data on the observed indicators, the following eighteen
EU countries are included in this study: Bulgaria, Greece, Croatia, Italy, Hungary,
Austria, Romania, Slovenia, Czech Republic, Slovakia, Poland, Germany,
Luxembourg, Spain, France, Portugal, Finland and Sweden. These countries are
ranked in line with the achieved objectives of Sustainable Development Strategy
under the three-year average value of the chosen indicators from 2012 until 2014.

The statistical I-distance method is applied to the selected indicators, which have
been chosen to determine the concept of sustainable development. The statistical |-
distance method is the mefrics in an n-dimensional space, (lvanovi¢, 1963) which

4
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enables ranking of countries based on a larger number of indicators according to
the development level in any field of economy and society. The advantage of this
method is its ability to synthesize a large number of indicators info one numerical
value, (lvanovi¢, 1963) which will further define the entity’s rank.

For a selected set of variables X =(X1,X2,...,Xk) chosen to characterize the
entities, the I-squared distance between the two entitiese, =(x1r,x2,,...,xkr), and
e =(x15,x25,...,xks) is defined as (lvanovic, 1977)

kd7(r,s) il
D*(r,s) = = ,1:[(1_7]%,12...]'—1)' (1)
=1 GZ' ]—1
where:
di(r;s)=x, —x;,i=12,..k, (2)

presents a discriminatory effect of the indicator X; of the observed country and the

fictional unitX; , which is, in this case, defined by the minimum values for each
observed indicator, o; is standard deviation of indicatorX;, and rji12_ -1 is a partial

coefficient of the correlation between indicators X; and X; (lvanovi¢, 1977). Due to

the definition of a fictional unit, the country with the highest value of the |-squared
distance achieved the best results in the implementation of the Sustainable
Development Strategy. A fictional unit can also be defined with maximal and the
average values of the indicators.

In practice, the I-squared distance is often used to avoid the negative partial
coefficients of the correlation. The negative sign can be the result of the opposite
direction of indicators (Jeremi¢ et al., 2011c). Thus, in this paper, ranking was
conducted by using the I-squared distance method.

The construction of the I-distance method has the following logic: the most
significant indicator ( X7 ) which is constructed to carry the most of the information for

the specific research is being chosen and its discriminatory effect is computed; then,
the next significant indicator (X, ) whose discriminatory effect is not included in the

previous indicator is involved in analysis. The analysis confinues until all observed
indicators are included.

Results

For the purpose of ranking the selected EU countries according to the level of
achievement of the goals of Sustainable Development Strategy the I-squared
distance method was applied to the indicators from Table 2. The obtained results
were further revised by iterations. Each iteration indicates that we calculated
coefficient of correlation between the obtained I-squared distance values and the
values of the indicators. The procedure is repeated until the moment when the result
can no longer be repaired. This procedure is elaborated in survey of authors
Milenkovic et al. (2014). In this research, the best result and at the same time final
one is obtained after four iterations. The explained procedure has singled out the
most significant indicator, and the rest of indicators have been ranked due to their
significance for actual research (Table 3).

Table 3 shows that the first six indicators are statistically significant (p<0.05). The
most significant indicator among them is Official development assistance as share of
gross national income with r=0.863 (p<0.01). The same result was obtained in similar
research of author Radojici¢ et al. (2012). Global partnership of the EU countries for
obtaining the goals of sustainable development and welfare of countries is being
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highlighted in line with this result. In the same research the second position is taken
by the indicator Healthy life years and life expectancy at birth, males, which
represents public health, while in this research its positioned one ranking below
r=0.625 (p<0.01). The second position was taken by indicator Employment rate of
older workers with r=0.751 (p<0.01), which represents the area of sustainable
development - demographic changes. In the majority of the papers in the field of
socio-economic development and welfare of countries, GDP played an important
role (Campisi et al., 2013; Espina, Arechavala, 2013; Mahdavi, Alanis, 2013; Markusen,
2013). However, in this research the role of indicator Real GDP per capita with
r=0.602 (p<0.01) is slightly less significant and it takes the fifth position. The group of
authors, Milenkovic et al. (2014), obtained the same result, that GDP or GNP per
capita could not be the crucial indicator that describes a country's performance,
since it cannot comprise overall country's welfare. On the other hand, an increase in
the level of GDP per capita leads to an improvement of the population standard
(Cracolici, Cuffaro, Nijkamp, 2010) and therefore the country can improve its position
in the framework of the sustainable development strategy.

Table 3 Coefficient of correlation between the headline indicators and I-squared

distance
Headline indicators R
Official development assistance as share of gross national income 0.863™
Employment rate of older workers 0.751™
Healthy life years and life expectancy at birth, males 0.625"
Energy consumption of tfransport relative to GDP 0.606™
Real GDP per capita, growth rate 0.602"
Share of renewable energy in gross final energy consumption 0.570°
People at risk of poverty or social exclusion 0.458
Healthy life years and life expectancy at birth, females 0.427
Resource productivity 0.373
Greenhouse gas emissions 0.197

Note: "p<0.01; "p<0.05.
Source: Authors' work.

Table 4 The results of the I-squared distance method for headline indicators

Country I-squared distance | Rank
Sweden 52.79 1
Luxembourg 27.06 2
Finland 17.29 3
Germany 16.62 4
Spain 16.35 5
France 16.16 6
Czech Republic 14.73 7
Greece 13.84 8
Portugal 13.22 9
Bulgaria 12.23 10
Austria 10.73 11
[taly 9.86 12
Romania 9.35 13
Slovakia 6.39 14
Hungary 5.92 15
Croatia 5.24 16
Poland 4.25 17
Slovenia 4.10 18

Source: Authors’ work.
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According to the rank of indicators shown in Table 3, I-squared distance values
have been calculated for each EU country and consequently ranking of 18 countries
has been obtained. Results are shown in Table 4.

Table 4 shows that Sweden is on the top of the list according to the I-distance
method. Radojicic et al. (2012) obtained the same result in research of the
sustainable development of the EU countries. Luxembourg takes the second place,
while in another similar study it takes the third place (Radojici¢ et al., 2012) and in
another research it is in the first place (ISliamovi¢ et al., 2015; Koster, 2014). Koster
(2014) observed the economic openness and welfare of 67 countries from different
regions of the world and he pointed out that Luxemburg should be the role model. In
this study, Luxemburg is followed by Finland, Germany, Spain, France etfc. These
results (Sweden on the first place and Finland on the third place) are not surprising
because in recent years many studies have analysed the reasons for the welfare of
the Scandinavian countries. The Scandinavian welfare model is based on direct and
positive connection between the state and its citizens, universal social rights for all
classes of society and relatively small differences between social classes (Alestalo,
Hort, Kuhnle, 2009). The countries that have recently joined the European Union such
as Romania, Slovakia, Hungary, Croatia, Poland, and Slovenia are at the bottom of
the rank list. The same result is obtained in the paper of §ljamovi¢ et al. (2015) and
Radojici¢ et al. (2012).

Conclusions

The main advantage of the I-distance method is that it enables ranking of the
observed units based on a large number of indicators whose values are given per
unit. Furthermore, it allows determination of the volume of information that each
indicator provides, in order to set the position of a certain unit, in comparison with
another unit. The |-distance method has wide practical usage and has proved to be
accurate in ranking of observed units, which was shown in the research conducted
by Jeremic et al. (2011b), for the ranking of the world’s universities or by Marici¢ et al.
(2016), for the analysis of the Quacquarelli Symonds World University Rankings by
Subject in the field of statistics and operational research.

The I-distance method has primarily singled out indicators that significantly
determine the level of achievement of sustainable development goals according to
the amount of information they have for a specific study. Then this method ranks
indicators based on their importance. The Official development assistance as share
of gross national income stands out as the most significant indicator. This result
emphasized the importance of global partnership of the EU countries to achieve
sustainable development goals.

The I-distance method has pointed out that the EU countries, such as Sweden and
Luxemburg, which took the first and second place, followed by Finland, Germany,
Spain, France, have achieved better results in implementation of the sustainable
development strategy and thus achieved good outcome. Moreover, they have
distinguished from the countries that have lower level of the sustainable
development goals achieved. Therefore, they are at the boftom of the ranking.
Those are mainly the countries that have recently joined the European Union, as
Romania, Slovakia, Hungary, Croatia, Poland and Slovenia.
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Abstract

Economic theory recognizes the importance of the firm’s balance sheet channel.
This stands in stark contrast to the neoclassical theory of investment. This paper
analyses the response of firms to the economic crisis in the sample of Croatian firms.
Our main variables of interest are investment and employment. We estimated the
OLS model that accounts for a heterogeneous response to the crisis shock of
differently leveraged firms. The empirical model is augmented so that it accounts for
industry and county effects. The robustness checks are performed for different
dependent as well as control variables and interactions. The results strongly and
robustly confirm the importance of the firm’s balance sheet channel.
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Infroduction

Using Croatian firm-level data, this paper investigates to which extent the financial
and liquidity position contributed to the development of investment and
employment at the firm-level during the period 2007-10. According to the theory of
firm’s balance sheet channel, the firm's response to demand shocks depends on the
firm’'s balance sheet characteristics. Our empirical approach aims at assessing the
extent to which the firms that were highly leveraged before the crisis reduced
investment and employment more than firms with lower leverage but otherwise
similar characteristics. Therefore, the main research questions in this paper are: 1) Did
the high-debt and/or the low liquid firms experience larger decrease of investment
and employment during the Great recession?; 2) Are the results sensitive to the
choice of balance sheet controls and different fime span of analysis?
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The rest of the study is structured as follows: Section 2 gives the literature overview
and discusses recent developments in the research on the firm balance channel.
Section 3 describes the data set, the construction of our empirical sample and
discusses the variables used in the empirical analysis. The methodology and
empirical model are explained in the Section 4. The Section 5 shows the results and
the respective discussion. The last chapter concludes.

Literature review

According to the neoclassical theory of investment, the Tobin Q@ (Hayashi, 1982)
contains the full information about investment dynamics, while financial variables,
like financial leverage or liquidity don't have any effect on firm’s investment
behaviour. Firm’'s capital structure is therefore irrelevant (Modigliani, Miller, 1958) and
capital can freely fly from unproductive to productive agents. This view implies
perfect capital markets and can be denoted as “irrelevance view” (Schularick,
Taylor, 2011).

On the other side, even before financial crisis, some papers argued that business
cycles dynamics and investment of non-financial firms might also depend on
financial variables, like firm’'s net worth or collateral (Bernanke, Gertler, 1989;
Carlstrom, Fuerst, 1997; Kiyotaki, Moore, 1997; Bernanke, Gertler, Gilchrist, 1999; Tirole,
2006). This channel is known as firm’s balance sheet channel or the investment
channel of financial frictions. In these models, investment is a positive function of the
firm’s net worth because the greater the net worth of the borrower, the more likely
she will use self-financing as a way to fund investment. At the same time, higher net
worth leads to decrease in credit rationing, so firms have easier access to external
finance.

Papers that emphasize the role of household's balance sheets or consumption
channel of financial frictions are Mian and Sufi (2010, 2014), Eggertson and Krugman
(2012). Some papers point to the role of financial intermediary balance sheets (see,
Chodorow-Reich, 2014; Gertler, Kiyotaki, 2011; Brunnermeier, Sannikov, 2014).

Many papers (see Hubbard (1988) and Stein (2003) for the literature survey)
empirically assess the degree of financial constraints for non-financial firms. This
literature usually divides firms in three groups according to some balance sheet
variable i.e. criteria, and then estimates the sensitivity of investment to cash flows for
every group. The monotonically increasing sensitivity in the balance sheet variable
than implies that high-debt firms are financially constrained. Fazzari and Petersen
(1993) were first that apply this approach to find the evidence for financial
constraints.

Many authors crificized the investment-cash flow sensitivity approach. Two
critiques are the most common: 1) endogeneity problem and 2) measurement error
in Q. The first critique is particularly important because the positive sensitivity of
investment and cash flows can be a sign of higher investment opportunities, not
financial constraints. To overcome the endogeneity problem, some authors suggest
quasi-experimental methods (treatment effects) analysing the existence of
financially constrained firms (Calomiris, Hubbard, 1995; Blanchard, Lopez-de-Silanes,
Schleifer, 1994; Lamont, 1997; Rauh, 2006; Aimeida et al., 2012; Lemmon, Roberts,
2010). An alternative approach is to use survey methods (see Campello et al., 2010;
Sonje, Kukaveié, 2014). The second critique points to the possibility of an upward bias
in Q. Namely, the estimated coefficient on Q is larger than in standard investment
regression function (Kaplan, Zingales, 1997; Erickson, Whited, 2000; Gomes, 2001; Alfi,
20083; Cleary, Povel, Raith, 2007; Farre-Mensa, Ljungqgvist, 2016).
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Our research builds on the concept of balance sheet recession and is closely
related to the empirical research of the firm’s balance sheet channel during the crisis
(Kuchler, 2015; Giroud, Mueller, 2015). According to the theory of balance sheet
recession, high levels of private sector debt change the objective function of the
corporate sector from profit maximizing to debt minimizing (paying down debt) that
cause less spending and economic growth (Koo, 2009). Firms may prefer to reduce
leverage instead of investing accordingly. On the empirical side, Kuchler (2015)
confirmed that high-levered firms in Denmark experienced higher decrease in
investment relative to low-levered firms. Giroud and Mueller (2015) showed that
establishments of firms that tightened their debt capacity in the run-up to the Great
Recession (high-leverage firms) exhibit a significantly larger decline in employment in
response to household demand shocks than low leverage firms.

Data and descriptive evidence

Our data sample consists of all joint-stock, limited liability and handicraft companies
in Croatia and is collected from the data repository of Financial Agency (FINA). We
have almost the full population of firms in the country (N=990.908, T=15) available for
our empirical analysis. We are interested in fracking firm’s change of investment and
employment behaviour throughout the economic crisis. The economic crisis
represents the biggest and longest macroeconomic shock for Croatian firms in the
last 15 years and we use it as an event that made firms behave in a non-standard
way. Since we are interested in the firm’s behaviour during the crisis, the period of
the analysis is from 2007 to 2010. The crisis effects were strongest during that period
which is confirmed by robustness tests that we run for alternative crisis years (2007-
2008 and 2007-2009).

In the construction of our empirical dataset, we exclude following sectors:
banking, financial intermediation, mutual funds, holding financial companies and
insurance, education, public sector and defence, social insurance as well as publicly
owned companies. Next, the data set was cleaned from outliers as regarding to: 1)
the firms with O HRK value of assets, sales, cash balances or employees, 2) the firms
with sales, depreciation and debt to assets ratios higher than 99 percentile, 3) the
firms where cash flow to assets ratio, investment, sales growth, value added to asset
ratio, ROA, current ratio and debt ratio are lower than 1t or higher than 99t
percentile, 4) the firms with missing observations and the inactive firms.

These exclusions reduce the heterogeneity of the sample and make the
implications of our analysis more reliable. After these adjustments, our baseline
specification (period from 2007-2010) consists of 18.235 observations for the
investment equation and 31.137 for the employment equation. We first make the
balanced panel from 2007 to 2010 and then we use the data on investment and
employment from 2007 and 2010 to construct our dependent variable: log change
in investment (employment). The statistical summary of our data set is provided in the
Appendix (Table A8).

The aim of our analysis is to compare firm’s behaviour of investment and
employment in relation to different levels of leverage and liquidity. Leverage is
defined as the ratio of debt to total assets (debt ratio) where we define three
categories of leverage, namely low-leverage firms (up to 33th percentile), medium-
leverage (between 33th and 66" percentile) and high-leverage (above 66t
percentile). The liquidity is measured by current ratfio (short-term asset/short-term
liabilities). Similarly, there are three groups of firms: low-liquid firms (up to 33th
percentile), medium-liquid (between 33th and 66" percentile) and high-liquid
(above 66t percentile).
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The main variables of our interest are the investment and employment. We define
investment as a nett difference of depreciation augmented tangible assets (MI) in
the current period and nett tangible assets in the previous period, iy = (MI; + A,) —
MI,_;. As a robustness check, the alternative measure from Croatian Bureau of
statistics is used as a measure of investment, namely the investment in new long-term
assets. Employment is equal to the log of number of employees or total hours worked
in the each firm.

Our empirical model includes the vector of control variables typically found in
investment models. The first one is the cash flow rate cf; and it is intended to proxy for
the firm’s nett value. The cash flow is defined as a sum of pre interest and tax profits
and depreciation. The second control that we include in our model is the new value
added rate nva,. The new value added controls for the general output effect on the
firm level and we calculate it as a sum of pre-tax, inferest and employee
expenditure earnings. The third variable we include in our vector of controls is the
depreciation rate dr; and is defined as the ratio of depreciation and total assets in
the previous period. The last control variable is the return on assets roa; and is
defined as the ratio of gross earnings and the price-corrected total assets. To control
for the differences in industries and counties, we include county (C.,c =1,..21) and
industry (S, s =1, ...,18) dummies in our empirical specification as well. This accounts
for the potential heterogeneities related to the type of business and geographical
factors of the sample. We use industry classification given by National industry
classification (18 industries all together).

Next, we provide descriptive analysis of variables used in the analysis. Balance
sheet recession implies the positive feedback loop between debt and business
investment in a boom phase of the business cycle and the asymmetric responses to
the negative shock (recessions) due to the different firm indebtedness.
Consequently, to get an impression of the aggregate debt and investment
dynamics, we present a time period (2000-2014) which is longer than in our empirical
model on the Figures 1 and 2. Several definitions of investment (i.e. investment
variables) are used in this paper. The first one is investment cash flow obtained from
the cash flow accounts. This variable represents both real and financial investment.
Second variable is gross capital formation derived from Croatian Bureau of Statistics.
The third variable is the nett investment and represents the nett tangible assets
change MI; — MI,_;.

All three variables show similar dynamics and statistical properties (Figure 1). All
measures of aggregate investment in Croatia exhibit typical boom and bust
behaviour, which can be seen on the Figure 1. The investment increased from 23
billion HRK in 2001 to 69 billion in 2007, which is CAGR of 20%. After the financial crisis,
investment decreased continuously to the level of 25 billion HRK in 2014, which is a
slump of 62.88%. Gross capital formation and investment flow shows a smaller
decrease (53% and 57% in period 2008-2014), but the pattern is similar.

Aggregate dynamics of capital structure for the period 2000-2014 is shown in the
Figure 2. The boom phase of the business cycle (2000-2007) is characterized by the
increase in aggregate financial leverage. The structure of debt has changed over
time as well. While short—term debt is relatively constant in the pre-crisis period, long-
term debt increases significantly. As a result, the debt ratio rose from 50% in 2000 to
55% in 2007 and 60% in 2011. It is interesting to note that the debt ratio increased
even after the crisis. However, after 2012 there is a small deleverage from 61.02% to
59.60%.

13



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. 2, No. 2, 2016, pp. 10-29

100+
80
60
40+
20+
0+ :
T T T T T T T + T T T T T T
2000 2002 2004 2006 2008 2010 2012 2014
——=—— Investment —&—— Netinvestment
—&— Investmentflow ——=—— Gross capital formation

Figure 1 Investment, gross capital formation, investment flow and net investment of
non-financial firms in period 2001-2014, in billions HRK; the period between the two
(dotted) lines is used in our empirical model since the crisis was most intense during
that fime
Source: FINA, author’s calculation.
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Capital —&— Long-term debt
———— Short-term debt

Figure 2 Capital structure dynamics from 2000 to 2014; the period between the
two (dotted) lines is used in our empirical model since the crisis was most intense
during that time

Source: FINA, author’s calculation.

It is important to mention that the short- and long-term debt includes liabilities to
related parties so that this position more resembles capital than debt. When the debt
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ratio is adjusted in a way that liabilities to related parties are subtracted from debt
and added to capital, the dynamics of debt ratio looks different. This adjusted debt
ratio is mainly unchanged from 2008 to 2014, which means that the whole increase in
the debt ratio from 2008-2014 is due to the rise in labilities to related parties. This
might imply the problem in firm’s access to finance and financial constraint.
Continuing our descriptive analysis, we split the sample by lag debt ratio, lag
current ratio, lag value added ratio and lag cash flow ratio. First group (“Low”)
includes firms, which has lag debft ratio to 33th percentile; second group (“Middle”)
includes firms from 33th to 66t percentile and third group above 6é6™ percentile. For
every group we calculate the median of investment. The same procedure for other
variables was used. We note that the percentile thresholds are imposed exogenously
(not generated from a pre-specified or data-driven approach) and are chosen so
that they follow best practices in the literature (see Tarrasow, 2015; Kuchler, 2015).

Current ratio Debt ratio
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Figure 3 Median of investment ratio dynamics for different groups of firms from
2001 to 2014
Source: FINA, author’s calculation.

All graphs in the Figure 3 show decline in investment for all groups and variables.
The first graph on the Figure 3 shows that illiquid firms invest less than middle and
high-liquid firms. Even larger difference between median of investment across
groups is visible on second graph. Firms with high debt ratio (above 66™h percentile)
have smaller investment ratio than other two groups. It is interesting to note that
median of investment for *high” group shows negative trend and settled at 0 in 2009.
Firms with “low” leverage invest more than with “middle” leveraged firms, but
“middle” leveraged firms experienced a larger decline in debt. This reflects the dual
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role of the debt, meaning that it is an important source of financing on one side and
a generator of higher risk on another side.

Last two graphs show median of investment rates for variables that reflect
demand side factors. There is a clear hierarchical structure in the investment
behaviour. The firms with “low” cash flow and low value added rates have 0
investment ratio throughout the whole period. The firms with “middle” level of cash
flow or value added shows decrease from 0.2 to 0, while “high group” exhibit highest
investment rates.

Methods

In order to determine the effects of the leverage and the liquidity on the investment
and the employment, the OLS estimator is applied to the following reduced form of
the investment equation:

AYi,s,c,2007—2010 =a+ HLLi,S,C,2007 + HHHi,S,C,2007 + QDHi,S,C,2007 ' Li,s,c,2007 + ﬁXi,s,c,2007

17 20 (] )
+ Z (psSs + Z wcCc + ei,s,c,t
s=1 c=1

where the subscripts refer to firm i =1, ...,i, industry s =1, ...,s, county ¢ =1, ..., ¢, the
subscript 2007-2010 refers to the change over the respective period and 2007
denotes stands for the value in the initial sample year. The depended variable
(AY; s c2007-2010) represents the change of net investment for each firm i, industry s
and county ¢, from 2007 to 2010. The change in the number of persons employed in
each firm from 2007 to 2010 as the dependent variable was used as well. The L and
the H are the balance sheet dummy variables denoting the debt and current ratio.
Therefore, the L and the H refer to firms having low/high debt ratio, or low/high
current ratio where the respective subscript 2007 refers to the value at the beginning
of the period (i.e. year 2007). More precisely, the dummy variable L is equal to one if
a firm's debt ratio or current ratio is inside 33th percentile (low-leverage and low-
liquid firms). The dummy variable H is equal to one if a firm’'s debt ratio or current
ratio is above 66th percentile (high-leverage and high-liquid firms). The middle-
leverage or the middle-liquid group represents the base group. The estimated
coefficients 8, and 6, contain the information about the difference in the change of
investment rates (employment) between low and medium, and high and medium
levered (or liquid) firms. Coefficient on interaction term 0 ., measures the average
difference in change of investment rates between low-leverage-high-liquid firms
relative to middle-leverage-middle-liquid (Wooldridge, 2010). The first summation
sign, Y17, ¢.S,, represents industry fixed effects.

There are 18 industries in total, where agriculture represents the base industry.
Second summation sign represents county fixed effects. There are totally 21 counties
and Zagrebacka zupanija county represents the base county. Number of industries
and counties are decreased by one due to the dummy variable trap.

The Vector X includes the set of control variables: cash flow, new value added
rate, depreciation rate, real sales growth and return on assets (see previous section
for the discussion). All control variables, except Return of Assets (ROA) and real sales
growth are normalized by total assets size for the sake of comparability.

Results and implications

The estimation results are presented in Tables 1 and 2. The Table 1 shows the results
where change in investment is used as the depended variable. The coefficients on
low-leverage and high-leverage dummy variable measure the average difference
in investment between low-leverage (debt ratio <0.49) and middle-leveraged (debt
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ratio between 0.50 and 0.76), and high-leverage (debt ratio > 0.76) and middle
leverage firms respectively, holding other firm’s characteristics fixed. There are 6017
middle, 6018 low and 6200 high leveraged firms retrospectively and 6019 middle,
6017 low, 6199 high liquid firms. On average, decrease in investment for low-
leverage firms is11.3% higher than for middle-leverage (base group), while high-
leverage experience 7.64% lower change in investment (significant at 10% level).
After including sector and county dummies (model 2), the coefficient on low-
leverage dummiy is still significant at 10% level but the coefficient on high-leverage
dummy becomes insignificant at 10% level.

Table 1 Change in investment from 2007 to 2010

Variables (1) (2) (3) (4) (5)
Low-leverage 0.113%** 0.0983* -0.160**
(0.0411) (0.0520) (0.0651)
High-leverage -0.0746* -0.0708 0.000765
(0.0415) (0.0434) (0.0708)
Low-liquidity -0.234** -0.237*** -0.260***
(0.0416) (0.0298) (0.0412)
High-liquidity 0.0351 0.0280 -0.164***
(0.0412) (0.0433) (0.0497)
L-lev*L-lig 0.252*
(0.121)
L-lev* H-lig 0.378%**
(0.0684)
H-lev*L-lig -0.0192
(0.0602)
H-lev*H-lig 0.119
(0.133)
nva 0.0694* 0.0657 0.0776** 0.0695* 0.0672*
(0.0390) (0.0411) (0.0391) (0.03%0) (0.0368)
cfl 1.385%** 1.375** 1.494%** 1.463** 1.365**
(0.402) (0.525) (0.4071) (0.542) (0.535)
ar -2.912%x* -2.969%** -2.785*** -2.897*** -2.730%**
(0.434) (0.574) (0.657) (0.606) (0.600)
rsg -0.000162 -0.000119 -0.000161 -0.000108 -9.49e-05
(0.000176) (9.83e-05) (0.000175) (9.86e-05) (9.64e-05)
roa -0.0146*** -0.0140*** -0.0160*** -0.0152%** -0.0146***
(0.00331) (0.00426) (0.00331) (0.00448) (0.00436)
Constant -0.778%** -0.480*** -0.717** -0.399%** -0.372%**
(0.0364) (0.0532) (0.0409) (0.0583) (0.0592)
Observations 18,235 18,235 18,235 18,235 18,235
R-squared 0.006 0.013 0.008 0.015 0.015
Industry effects YES YES YES
County effects YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors own calculation.

Coefficients on low- and high-liquidity, in columns (3) and (4) in the Table 1,
measure the average difference of a change in investment between low-liquid
(current ratfio < 1.07) and a middle-liquid (current ratio between 1.08 and 1.80) firms,
and high-liquid (current ratio > 1.81) and middle-liquid firms retrospectively, holding
other firm’s characteristics fixed. The results show that change in investment for low-
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liquid firms are 23% lower than the middle leverage firms on average (highly
significant), while coefficient on high-levered firms is insignificant. The column (5)
from the Table 1 includes the interaction terms between leverage and liquidity to
estimate reaction of financially distressed firms. The results confirm the importance of
the firm balance sheet channel: firms with weaker balance sheets experienced a
larger drop in investment. For example, for the low-leverage-high-liquid firms change
in investment is 5.8% higher on average, relative to middle-leverage-middle-liquid
firms do. On the other side, high-leverage-low-liquid firms invest on average 28% less
than middle-leverage-middle-liquid firms do.

Overall, the results indicate that the medium and high leveraged firms reduced
their investment more during the crisis than firms with low leverage did. The drop in
investment is even stronger if we relate low-liquid and middle-liquid (or high-liquid)
firms.

Table 2 Change in employment from 2007 to 2010

Variables (1) (2) (3) (4) (5)
Low-leverage 0.0279*** 0.0213*** 0.00807
(0.00624) (0.00394) (0.0171)
High-leverage -0.0314%** -0.0308*** -0.0101
(0.00690) (0.0104) (0.00608)
Low-liquidity -0.034 7% -0.0326*** -0.0235
(0.00696) (0.00587) (0.0225)
High-liquidity 0.0225*** 0.0162* 0.0159
(0.00634) (0.00778) (0.0109)
L-lev*L-lig 0.00888
(0.0380)
L-lev* H-lig -0.000874
(0.0177)
H-lev*L-lig -0.00951
(0.0216)
H-lev*H-lig -0.0705%**
(0.0209)
nva -0.0377*** -0.0448*** -0.0354*** -0.0434*** -0.0446***
(0.00544) (0.0116) (0.00543) (0.0113) (0.0113)
cfl 0.186** 0.181** 0.214%* 0.205** 0.179*
(0.0727) (0.0850) (0.0738) (0.0862) (0.0861)
ar 0.162** 0.149* 0.153 0.145* 0.174**
(0.0760) (0.0790) (0.107) (0.0761) (0.0737)
rsg 0.000219*** | 0.000245*** | 0.000209*** | 0.000237*** | 0.000249***
(3.14e-05) (3.80e-05) (3.11e-05) (4.10e-05) (3.82e-05)
roa 0.000785 0.000822 0.000549 0.000617 0.000748
(0.000592) (0.000575) (0.000603) (0.000590) (0.000585)
Constant -0.154%* -0.120%** -0.155%** -0.118*** -0.116%**
(0.00585) (0.00877) (0.00641) (0.0126) (0.0145)
Observations 31,137 31,137 31,137 31,137 31,137
R-squared 0.021 0.035 0.021 0.035 0.036
Industry effects YES YES YES
County effects YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors own calculation.

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. 2, No. 2, 2016, pp. 10-29

Table 2 shows the results for the model that has a change in employment as a
depended variable. The high-leverage and low-liquid firms have on average around
3% lower change of employment then the baseline group (significant at 1% level).
Again, the largest decline is characteristic for high-debt-low-liquid firms, around 4%
lower than the baseline group.

As a robustness test, we provide results for different definitions of investment and
employment variable in the Table Al and the Table A2 (see Appendix). We use the
gross investment in new long-term assets on the firm level as a measure of
investment, according to the definition in the national account statistics. The hours
worked (on the firm level) is used as a measure of employment. In the Table Al the
direction of relationship between investment and balance sheet variables is the
same for low liquid firms (around -21%), but lower for high debt firms (-4%, but
insignificant). On the other hand, the results in the appendix Table A2 are almost the
same as in the Table 2, which means that there is no difference in results when hours
worked is used as a dependent variable compared to the number of employees.

It is important to note that our results might suffer from a slight downward-bias due
to the bankruptcy rate increase after the crisis, which affects our data. Namely, the
firms that went bankrupt have not submitted annual reports after the crisis. For these
firms, the decrease in employment and investment is equal to 100%. It is reasonable
to expect that these firms belong to high-leveraged or low-liquid firms. Since they did
not submit financial statements in 2010, they are not part of our analysis.

To overcome this problem we also estimate changes in employment and
investment for periods 2007-2009 and 2007-2008. The results are given in the Table A3
and the Table A4. In the Table A3, the coefficients on balance sheet dummy
variables have the same direction and similar magnitude as the coefficients in
baseline model. The only difference comes from a somewhat lower coefficient on
low-liquid dummy variable (-15%) and higher coefficients for high-liquid firms. Again,
the highest drop in investment is present for high-leverage-low-liquid firms (-20%). The
Table A4 shows the different results relative to the baseline model (2007-2010). There
is no economically and stafistically different employment adjustment behaviour
among firms according to balance sheet variables. The reason for this is simple.
Namely, the aggregate employment levels started to decrease in 2009 and even
more in 2010, so that the effect of change in employment can be seen only after
2009.

As an additional robustness test, we estimate the equation (1) for pre-crisis periods
2005-2006 and 2005-2007 to control for more general effects (other than crisis). The
results are provided in the Table A3 (see Appendix). The coefficients on leverage
and liquidity dummy variables exhibit the similar pattern before and during the crisis,
which indicates that the frictions on capital markets may have also been present
before the crisis. On the other side, there is no significant change in employment
between high, middle and low-leverage (liquid) firms before crisis. Therefore, it is
possible to conclude that there are investment balance sheet effects in all periods
and employment balance sheet effects during the crisis.

We also did standard diagnostic and specification checks. Table A9 shows high
correlation between cash flow and refurn on assets, but there is no perfect
mulficollinearity problem. Removing roa from specification changes somewhat
coefficients on cash flows and new value added (they become insignificant) but this
doesn’t change the significance of coefficients on dummy variables. We use robust
standard errors in our empirical specification to control for heteroscedasticity, so
there is no need to conduct heteroscedasticity test. Outliers are removed by
trimming all variables (see “data and descriptive evidence”). Next, we conduct
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Shapiro-Wilk (table A10). It shows that our residuals are not normally distributed (the
peak of the distribution is higher). But, as Lumley and Emerson (2002) shows, for large
samples, t-test and linear regression coefficients are valid for any distribution.

The results have implications for economic policy. They indicate that firms respond
to economic shocks in a heterogeneous way which potentially causes protracted
recessions and changes the structure of economy. As a reaction to the economic
crisis, firms first fighten their investment which is especially the case with highly
indebted and exposed businesses. These firms also reduce the employment and add
additional pressure to the overall economy creating a negative feedback loops that
might further inhibit the economic recovery. This might destroy the equilibrium and
lower the steady state of the economy. Policy makers could respond with debt write
offs and by offering alternative credit lines (i.e. source of financing). The debt write-
offs are therefore expected to have positive effects on employment and shorten the
recession. This might be a way to deal with recessions without directly burdening the
public finances. Easier access to financing would be especially beneficial to smaller
firms and policy makers should provide options for financial inclusion and/or other
crediting channels. The policy makers should also consider labour market regulation
that preserves employment throughout the period of crisis. Namely, shorter working
hours and performance adjusted tax could be considered.

Conclusions

Economic literature recognizes the firm’s balance sheet channel as an important
propagator of macroeconomic shocks. This stands somewhat in contrast to the
neoclassical theory of investment which assumes perfect capital markets. Firms react
heterogeneously to the crisis due to different financial positions. This shows the
importance of financial frictions in amplification of negative shocks. This paper
analyses the firm’s reaction to economic crisis in general and their investment as well
as employment decisions in particular. We make use of high-quality, firm level data
where almost the whole population of Croatian firms is available for analysis. After
the data set adjustments to solve the outlier problems, we are left with 18.235 and
31.137 observations in our empirical sample, depending on the preferred choice of
variables. Therefore, we apply simple but powerful OLS estimator where the model
can differentiate between the high, medium and low leveraged firms. The model is
augmented with a set of commonly used controls as well as county and industry
dummies. Unobserved heterogeneity is accounted for with these effects. We run
different robustness tests and are able to interpret the results with significant amount
of certainty.

There is evidence that confims the importance of the firm’s balance sheet
channel. Namely, the medium and high leveraged firms reduce their investment
during the crisis more than the firms with low leveraged balance sheet. On average,
high-leverage firms experience 7.64% lower change in investment. The evidence is
even stronger for low-liquid firms when compared to high-debt firms. The results show
that change in investment for low-liquid firms are 23% lower than the middle
leverage firms on average.

This results point to the difference between financial and liquidity constraints,
which can serve as a foundation for future theoretical research that emphasizes
financial constraints. This finding also holds when the employment is used as a
dependent variable and is supported by various additional robustness tests (various
time periods, different dependent variables, various independent variables). The
analysis has implications for economic policy, especially policies that decrease firm’s
debt load through debt forgiveness or higher financial inclusion for small firms.
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APPENDIX
Table Al Description of variables used in the analysis
Variable name Abbreviation Short Description
Investment i nett difference of depreciation augmented
tangible assets
Employment e number of employees or total hours worked
within a firm
Cash flow cf sum of pre interest and tax profits and
depreciation
New value added nva sum of pre-tax, interest and employee
expenditure earnings
Depreciation rate ar ratio of depreciation and lagged total assets
Return on assets roa ratfio of gross earnings and the price-corrected
total assets
Current ratio cr Ratio of current assets and short —term liabilities
Leverage Lev Ratio of total debt and total assets
Revenue growth Rsg Deflated revenue growth rate
Table A2 Change in investment in new long-term assets from 2007 to 2010
Variables (1) (2) (3) (4) (5)
Low-leverage 0.132%** 0.129** -0.122
(0.0485) (0.0459) (0.0925)
High-leverage -0.0486 -0.0496 0.0373
(0.0492) (0.0452) (0.0714)
Low-liquidity -0.213%* -0.217%* -0.233***
(0.0491) (0.0569) (0.0721)
High-liquidity 0.0576 0.0596 0.116
(0.0487) (0.0681) (0.0877)
L-lev*L-ig 0.293*
(0.151)
L-lev* H-lig 0.339**
(0.135)
H-lev*L-lig -0.0492
(0.0927)
H-lev*H-lig 0.106
(0.155)
nva 0.315%** 0.317%** 0.331%** 0.320*** 0.319%**
(0.0450) (0.0418) (0.0452) (0.0430) (0.0407)
cfl 1.156* 1.158* 1.215%* 1.249** 1.172*
(0.598) (0.569) (0.596) (0.559) (0.566)
ar -2.692%** -2.681*** -4.269*** -2.637*** -2.500%**
(0.618) (0.577) (0.857) (0.534) (0.539)
rsg -0.00064*** -0.00062*** -0.00061** -0.00056** -0.00054**
(0.000244) (0.000201) (0.000245) (0.000193) (0.000204)
roa -0.0144%* -0.0143*** -0.0155%** -0.0156*** -0.0152%**
(0.00482) (0.00385) (0.00482) (0.00390) (0.00394)
Constant -0.807*** -0.5371** -0.667*** -0.452%** -0.448***
(0.0445) (0.0908) (0.0497) (0.0877) (0.108)
N 8,979 8,979 8.979 8.979 8,979
R-squared 0.011 0.017 0.014 0.019 0.020
Industry effects YES YES YES
County effects YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors own calculation.
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Table A3 Change in hours worked from 2007 to 2010

Variables (1) (2) (3) (4) (5)
Low-leverage 0.0230*** 0.0169*** 0.0111
(0.00605) (0.00530) (0.0161)
High-leverage -0.0309*** -0.0305** -0.0141
(0.00672) (0.0109) (0.0095¢)
Low-liquidity -0.0302*** -0.0293*** -0.0187
(0.00678) (0.00563) (0.0189)
High-liquidity 0.0206*** 0.0152** 0.0161**
(0.00617) (0.00580) (0.00573)
L-lev*L-lig -0.00679
(0.0314)
L-lev* H-lig -0.00798
(0.0148)
H-lev*L-lig -0.00742
(0.015¢)
H-lev*H-lig -0.0526**
(0.0234)
nva -0.0399*** -0.0464*** -0.0380%** -0.04571%** -0.0462%**
(0.00522) (0.00853) (0.00521) (0.00840) (0.00825)
cfl 0.151** 0.146 0.177** 0.168* 0.145
(0.0685) (0.0917) (0.0694) (0.0931) (0.0935)
ar 0.234** 0.219** 0.289*** 0.216** 0.238***
(0.0717) (0.0824) (0.103) (0.0783) (0.0791)
rsg 0.000240*** 0.000266*** 0.000232*** 0.000258*** 0.000270***
(3.01e-05) (2.91e-05) (2.99e-095) (3.21e-095) (2.94e-095)
roa 0.000997* 0.00106 0.000772 0.000872 0.000983
(0.000561) (0.000666) (0.000570) (0.000681) (0.000678)
Constant -0.145%** -0.172%** -0.150%** -0.1712%** -0.109***
(0.00568) (0.0101) (0.00625) (0.0151) (0.0150)
N 31,138 31,138 31,138 31,138 31,138
R-squared 0.022 0.036 0.022 0.035 0.036
Industry effects YES YES YES
County effects YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors own calculation.
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Table A4 Change in investment for periods 2007-2008 and 2007-2009

. (1 (2) (3) (4) (5) (6)
Variables 2007-08 2007-08 2007-08 2007-09 2007-09 2007-09
L-leverage 0.0597 -0.248%* 0.115% -0.178%+*
(0.0439) (0.0563) (0.0438) (0.0385)
H-leverage -0.0831* 0.0188 -0.0735* 0.0142
(0.0319) (0.0558) (0.0380) (0.0406)
L-liquidity -0.154%* -0.187%* -0.140%** -0.134%*
(0.0304) (0.0341) (0.0259) (0.0317)
H-liquidity 0.0869** -0.0435 0.0973* -0.118*
(0.0322) (0.0633) (0.0485) (0.0657)
L-lev*L-liq 0.228%** 0.201%**
(0.0729) (0.0631)
L-lev* H-lig 0.377%** 0.426%**
(0.0557) (0.0537)
H-lev*L-lig -0.00386 -0.0545%*
(0.0598) (0.0253)
H-lev*H-liq 0.0729 0.0712
(0.166) (0.0731)
nva 0.0354 0.0428* 00388 | 0.0975%* 0.104%* | 0.0996**
(0.0265) (0.0243) (0.0252) (0.0258) (0.0247) (0.0254)
cfl 0.834%+* 0.89 4%+ 0.825%+* 1.733%%* 1.853%%* 1.726%%
(0.274) (0.289) (0.278) (0.303) (0.302) (0.315)
dar D.245%x* 2180+ 2,034+ -3.5] 4% -3.533%* -3,309%#*
(0.411) (0.423) (0.423) (0.367) (0.381) (0.388)
rsg 723e05 | -5776-05 | -4.41e-05 2.13e-05 1.11e-05 4.19e-05
(0.00010) (0.00011) (0.00010) (0.00018) (0.00018) (0.00018)
roa -0.007%* -0.008*** -0.008*** -0.018%* -0.019%* -0.018%*
(0.00190) (0.00197) (0.00187) (0.00236) (0.00247) (0.00254)
Constant 0.275%+ 0.293%+* 0.341 %+ -0.170%* -0.141%* -0.106**
(0.0415) (0.0468) (0.0352) (0.0330) (0.0506) (0.0462)
N 17,698 17,698 17,698 17,698 17,698 17,698
R-squared 0.008 0.010 0.011 0.015 0016 0.017
Industry eff. YES YES YES YES YES YES
County eff. YES YES YES YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors own calculation.
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Table A5 Change in employment for periods 2007-2008 and 2007-2009

. (1) (2) (3) (4) (5) (6)
Variables 2007-08 2007-08 2007-08 2007-09 2007-09 2007-09
L-leverage -0.0084** -0.00859 | 0.00618* -0.000427
(0.00269) (0.00672) (0.00267) (0.0147)
H-leverage 0.00500** 0.00476 -0.0088]1 -0.00477
(0.00233) (0.00380) (0.00672) (0.00984)
L-liquidity -0.0079** | -0.0143%* -0.0103* -0.00808
(0.00341) (0.00427) (0.00420) (0.00989)
H-liquidity -0.0136** -0.0127* 0.00366 -0.00249
(0.00332) (0.00631) (0.00466) (0.00491)
L-lev*L-liq 0.00121 -0.00392
(0.0177) (0.0340)
L-lev* H-lig 0.00642 0.00908
(0.00852) (0.0109)
H-lev*L-lig 0.00600 -0.00086
(0.00400) (0.00591)
H-lev*H-liq 0.00257 -0.0155
(0.0163) (0.0206)
nva 00151 | 00156 | -0.0154** | -0.0364™* | -0.0360*** | -0.0367***
(0.00327) (0.00326) (0.00316) (0.00803) (0.00802) (0.00776)
cfl -0.00245 0.0102 -0.00355 0.128%* 0.135%* 0.125%
(0.0310) (0.0305) (0.0306) (0.0525) (0.0518) (0.0528)
dr 0.155%+ 0.167%% 0.164%% 0.104 0.102 0.115
(0.0278) (0.0280) (0.0254) (0.0729) (0.0691) (0.0683)
rsg 0.0002%* 0.0002** 0.0002%* 0.0002%** 0.0002%** 0.0002%**
(0.00001) (0.00001) (0.00001) (0.00001) (0.00001) (0.00001)
roa 0.001 1%+ 0.001 1% 0.0011** | 0.00079* | 0.00073* | 0.00078*
(0.00034) (0.00034) (0.00034) (0.00029) (0.00029) (0.00029)
Constant -0.0231* 0.0171* -0.0170* -0.054%* -0.053%* -0.051%*
(0.00853) (0.00910) (0.00793) (0.00912) (0.0122) (0.0109)
N 31,881 31,881 31,881 31,881 31,881 31,881
R-squared 0.019 0.019 0.019 0.024 0.024 0.024
Industry eff. YES YES YES YES YES YES
County eff. YES YES YES YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors own calculation.
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Table A6 Change in investment for periods 2005-2006 and 2005-2007

. (1) (2) (3) (4) (5) (6)

Variables 2005-06 2005-06 2005-06 2005-07 2005-07 2005-07
L-leverage 0.0942%+* -0.141%* 0.121 %+ 20,221 %%
(0.0208) (0.0472) (0.0250) (0.0675)
H-leverage -0.0597* 0.0922% | -0.0609*** -0.00897
(0.0282) (0.0408) (0.0160) (0.0370)
L-liquidity -0.243%+ -0.237%* -0.200%* -0.304%**
(0.0208) (0.0506) (0.0265) (0.0689)
H-liquidity 0.0246 -0.0623* 0.0610%* -0.139**
(0.0214) (0.0332) (0.0148) (0.0516)
L-lev*L-liq 0.111 0.358**
(0.0856) (0.125)
L-lev* H-lig 0.29 1%+ 0.447%%
(0.0630) (0.0978)
H-lev*L-lig 0.0969 0.0512
(0.0703) (0.0774)
H-lev*H-liq 0.321% -0.0189
(0.128) (0.0974)
nva 0.0965%* 0.103%** 0.101%+* 0.213%** 0.221 %+ 0.219%+
(0.0221) (0.0243) (0.0263) (0.0298) (0.0321) (0.0325)
cfl 0.259 0.293 0.219 0.607%** 0.660%** 0.572%+
(0.249) (0.255) (0.250) (0.148) (0.158) (0.154)
dr -1.933% _1.770%* -1.603%* 2 3644 2,008 2.044%%
(0.161) (0.170) (0.180) (0.135) (0.144) (0.154)
rsg 0.00034** 0.0004*+* 0.0004*+* 0.000142 | 0.000174* | 0.00019**
(0.00012) (0.00012) (0.00011) (0.00009) (0.00009) (0.00009)
roa -0.00337 -0.00430* -0.00397 | -0.0086*** | -0.0097** | -0.0093%**
(0.00246) (0.00238) (0.00230) (0.00154) (0.00152) (0.00145)
Constant -0.0632 0.00289 -0.00638 0.0373 0.0915* 0.128%
(0.0394) (0.0409) (0.0410) (0.0470) (0.0479) (0.0477)
N 17,254 17,254 17,254 17,254 17,254 17,254
R-squared 0.010 0.013 0.015 0.014 0.017 0.018
Industry eff. YES YES YES YES YES YES
County eff. YES YES YES YES YES YES

Note: Robust standard errors in parentheses *** p<0.01, ** 0<0.05, * p<0.1.
Source: FINA, authors’ own calculation.
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Table A7 Change in employment for periods 2005-2006 and 2005-2007

- (1) (2) (3) (4) (5) (6)
Variables 2005-06 2005-06 2005-06 2005-07 2005-07 2005-07
L-leverage -0.0713%** -0.0139* -0.0192%** -0.0244***
(0.00173) (0.00702) (0.00367) (0.00803)
H-leverage 0.00612** 0.00763 0.000543 -0.000794
(0.00236) (0.00443) (0.00254) (0.00396)
L-liquidity -0.000587 -0.00408 0.00105 -0.00518
(0.00212) (0.00796) (0.00341) (0.00754)
H-liguidity -0.0047*** 0.00549 -0.00440 0.0118*
(0.00153) (0.00345) (0.00275) (0.00621)
L-lev*L-lig 0.00141 0.00154
(0.0188) (0.0157)
L-lev* H-lig -0.00179 -0.00338
(0.00777) (0.0107)
H-lev*L-lig 2.61e-05 0.00735
(0.0101) (0.00727)
H-lev*H-liq 0.00774 -0.00272
(0.0114) (0.00902)
nva -0.0265%** -0.027 4*** -0.0262*** -0.0443*** -0.0454*** -0.0442%**
(0.00577) (0.00578) (0.00579) (0.00875) (0.00892) (0.00873)
cfl 0.0384* 0.0260 0.0406* 0.0506 0.0359 0.0514
(0.0214) (0.0211) (0.0212) (0.0496) (0.0493) (0.0485)
dr 0.116%** 0.132%** 0.118%** 0.176*** 0.194%x* 0.180***
(0.0206) (0.0191) (0.0179) (0.0445) (0.0454) (0.0431)
rsg 0.0002%** 0.0002%** 0.0002*** 0.0003*** 0.0003*** 0.0003***
(0.00001) (0.00001) (0.00001) (0.00002) (0.00002) (0.00002)
roa 0.00710%** 0.007 1*** 0.0009*** 0.0018*** 0.0018*** 0.0018***
(0.00032) (0.00032) (0.00033) (0.00049) (0.00048) (0.00048)
Constant -0.000678 0.000676 -0.000915 -0.000112 -0.00335 -0.000896
(0.00299) (0.00334) (0.00412) (0.00406) (0.00578) (0.00539)
N 28,876 28,876 28,876 28,876 28,876 28,876
R-squared 0.023 0.022 0.023 0.030 0.029 0.030
Industry eff. YES YES YES YES YES YES
County eff. YES YES YES YES YES YES
Note: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1.
Source: FINA, authors' own calculation.
Table A8 Summary statistics
Variables (1) (2) (3) (Af) (5)
N mean sd min max
employ 18,235 23.10 132.0 1 10,752
cfl 18,235 0.223 0.218 0.00213 1.807
i 18,235 0.189 0.527 4.70e-08 37.86
dr 18,235 0.0860 0.0825 0 0.487
rsg 18,235 28.93 100.6 -70.70 1,567
roa 18,235 15.09 23.55 -22.43 151.0
nva 18,235 0.594 0.565 0.0151 3.871
ten 18,235 0.622 0.274 0.00553 2.005
cr 18,235 2.017 2.073 0.110 17.99

Source: FINA, authors’ own calculation.
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Table A? Variance inflation factor multicollinearity test (1/VIF) and Shapiro-Wilk test

Variables Table 1 (5) Table 2 (5) | Table A2 (5) | Table A4 (5) | Table A5 (3)
A. VIF
L-leverage 0.1794 0.1708 0.1851 0.1795 0.1689
H-leverage 0.2823 0.2839 0.2788 0.2801 0.2846
L-liquidity 0.2624 0.2625 0.2606 0.2602 0.2634
H-liquidity 0.2049 0.1991 0.2074 0.2050 0.1968
L-lev*L-lig 0.5370 0.5348 0.5374 0.5278 0.5346
L-lev* H-lig 0.1163 0.1103 0.1198 0.1166 0.1088
H-lev*L-lig 0.1888 0.1868 0.1852 0.1861 0.1874
H-lev*H-lig 0.5854 0.5906 0.5771 0.5744 0.5866
nva 0.5556 0.6099 0.5154 0.5486 0.6119
cfl 0.0365 0.0488 0.0389 0.0399 0.0479
ar 0.2120 0.2703 0.2338 0.2351 0.2670
rsg 0.9176 0.9302 0.9241 0.9133 0.9278
roa 0.0463 0.0618 0.0477 0.0505 0.0609

Table A10 Shapiro-Wilk test for normality of residuals

Specification Observations W Vv Shapiro-Wilk
Table 1 (5) 18.235 0.9842 130.697 0.00
Table 2 (5) 31.137 0.9734 339.39 0.00
Table A2 (5) 8.979 0.9871 58.12 0.00
Table A4 (3) 17.698 0.9876 99.96 0.00
Table A5 (3) 31.881 0.8549 1891.13 0.00
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Abstract

In this study, a housing wealth effect on personal consumption is assumed and
tested on 16 selected European countries using an estimator developed for dynamic
heterogeneous panel data analysis. Empirical estimates have shown that there is a
long-run and a short-run housing wealth effect in analysed countries. The elasticity of
real private consumption to changes in real disposable income has shown to be
positive and statistically significant as well as the elasticity of consumption to
changes in real housing wealth. Therefore, the research hypothesis of this paper of a
statistically significant and positive long-term relationship between housing wealth
and private consumption in the analysed countries was confirmed.
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Infroduction

Housing wealth is an important component of total household wealth. Households
can spend or choose to save resources gained from moving from a bigger intfo a
smaller house. Empirically, housing wealth and consumption are following the
common frend, which happens for two reasons. Namely, the first reason is that some
third factor drives both variables, and the second reason is that there is a direct
effect from one variable to another (lacoviello, 2011). In this paper, the latter
approach is used, so it is assumed that there is a direct housing wealth effect on
consumer spending. Studies based on time series data, panel data or household
level data confirm that borrowing from housing wealth reflects on consumption
(lacoviello, 2011).

The connection between housing wealth and consumer spending is a key link
between the household sector and economic activity. Namely, existing empirical
literature (Paiella, 2009 gives an overview of comprehensive wealth studies)
advocates that the housing wealth only moderately affects the consumption in the
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European countries in comparison to SAD or UK, and the reason is partly the fact that
households in the euro area cannot borrow from housing wealth to finance personal
consumption. More specifically, the strong increase in real estate prices in the euro
area over the past decade has not resulted in a large increase in consumption.
Anyhow in the euro zone the aforementioned effect is heterogeneous in real estate
prices, as well as in private consumption reaction to shocks in real estate prices (ECB,
2009).

According to lacoviello (2011) the housing wealth (aggregately) measures the
market value of all residential property located in a particular state. As defined by
Eurostat (IFC Bulletin, 2009), the housing wealth of households applies to all residential
buildings/houses owned by each household, no matter if it is a primary or secondary
residence including the value of underlying or residential land. Housing wealth is
particularly important for the analysis carried out by the European Central Bank
(ECB, 2009) because it makes up a large part of the total wealth of households
(about 60%) and can have a significant impact on household consumption, their
investments, savings and portfolio decisions. Since there are no official aggregates
for the euro zone, the ECB has compiled estimates of the capital stock of the euro
zone as well as a breakdown by category of assets, including housing wealth of
households. First estimates are published in 2005 and 2006. They are based on the
available estimates of national statistical institutes and national central banks (which
cover 80% of the euro zone) and estimates of missing data from the European
Cenftral Bank. These indicators (as opposed to data on residential property prices
and the structural housing indicators) are not yet completely broken down by
countries. A household is defined as an institutional sector of the European System of
Accounts 1995 (ESA 95). It denotes individuals or groups of individuals as consumers
and as enfrepreneurs (and also private businesses, sole proprietorships and
partnerships). The net value of household sector (household net worth) is equal to
total assets less the value of total liabilities, where total assets are financial assets and
real estate (assets whose main component is housing wealth). Problems that occur
with data on housing wealth due to measurement errors of that wealth by country
may reduce the accuracy of econometric estimates that housing wealth has on
consumer spending.

Furthermore, any simulation of the wealth effects depends on the accuracy of
measurement of the ratio between wealth and consumption. Also, measurement
errors in this rafio lead fo problems in both calibrated and in the estimated models
(Labhard, Sterne, Young, 2005). The statistical discrepancy in measuring wealth will
directly affect the properties of the macro model. Differences in the measurement of
wealth between countries could occur for several reasons. According to a study
conducted by Babeau and Sbano (2002) there are three possible sources of
inconsistencies in measurement: the first lies in the concept of wealth, which in
different countries is not the same, the other source of discrepancies are errors in the
measurement of wealth in different countries and the third source is that in some
countries there is no information necessary for the implementation of general
guidelines on the measurement of wealth. In fact, in some countries there are
considerable differences in the practical implementation of the recommendations
of the ESA 95, which of course affects the published data. It follows that the
differences in the criteria used to obtain the value of household assets significantly
affect the estimates of the wealth of households. In addition, specific evaluation
methods applied in each country depend largely on the available statistical data.

Furthermore, housing wealth has several special features that complicate its
measurement and greatly affect the implementation of the research about that
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wealth, since houses are both assets and durable goods. In addition, housing wealth
is often used as collateral in financial transactions. Moreover, favourable taxation
policies allow that households in many countries replace a mortgage loan with
consumer loan or to invest in real estate instead of some other form of property.
Additionally, transaction costs and penalties for early repayment of mortgages make
the housing wealth much less liquid than some other forms of wealth. Partly because
of that, real estate generally has the largest share in the portfolio of household and
mortgage loans are the largest item of their debts. Since real estate is often used as
collateral, relatively small changes in the price of real estate can have a huge
impact on the net worth of the household sector and encourage non-repayment of
mortgage loans. Besides, large amounts of mortgage loans entail sensitivity of
households to changes in interest rates (Bucks, Pence, 2005).

When looking at the relative value of the marginal propensity to consume out of
housing wealth, it can be concluded that the main source of variation in its value
are actually house prices. Thus, the sensitivity of consumption to changes in real
estate prices may depend on how much the property is liquid and what permanent
changes in prices are expected. Furthermore, buying real estate is typically financed
with borrowed money, so an increase in property prices results in higher net return on
this investment when compared to other investments. This implies that the marginal
propensity to consume out of housing wealth may be greater than for the assets with
lower expected return. Also, in most countries housing wealth is more evenly
distributed than financial wealth. According to presented research, at the
aggregate level, the effect of housing wealth could be more significant than the
effect of financial wealth. Therefore, in this paper, only direct housing wealth effect
on consumption is estimated.

The contribution of this paper to the existing empirical literature is twofold. Namely,
the research hypothesis that there is statistically significant and positive long-term
relationship between housing wealth and private consumption in the analysed
group of European countries is empirically tested and relatively new methodology
for heterogeneous dynamic panels that gives more robust estimates in comparison
to fraditional panel methods (Pooled Mean Group estimator) is used.

The reminder of the paper is as follows. After the introduction, in section two the
data and estimation method are presented. In section three results of the empirical
analysis are given. Finally, section four concludes.

Data and methods

The theoretical framework for studying the effect of housing wealth on consumer
spending in this paper is based on macroeconomic theories of personal
consumption. Friedman (1957) observes an aggregate consumption function model
where the only determinants are household income and wealth. However, a
potential econometric problem in assessing the consumption function is the
presence of correlation between consumption and wealth. In his research, Gali
(1990) provided a theoretical approach how to test a common frend between
consumption, income and wealth. Namely, when assessing the impact of the
increase in wealth on consumption, estimated conditional correlations can actually
to some extent reflect the effect of the increase in spending on wealth, which may
result in inconsistent estimates (endogeneity bias).

That is the reason for testing whether there is a co-integrating relationship
between consumption, income and housing wealth for unbalanced dynamic
heterogeneous panel. The sample of countries consists of 11 countries which belong
to the group of developed European countries and 5 countries that belong to the
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group of post-transition European countries. In order to classify the countries of
interest according to the level of national income, the World Bank country
classification was employed. Therefore, 11 countries were grouped into developed
European countries: Austria, Denmark, France, Finland, Ireland, Netherlands, Norway,
Sweden, Switzerland, Spain and United Kingdom. Also, there were 5 countries
grouped in post-transition European countries: Bulgaria, Croatia, Czech Republic,
Estonia and Slovenia. Detailed description of analysed variables and data sources
are given in table Al in appendix.

In the last fifteen years, the literature on dynamic and co-integrated panels
significantly evolved, proposing a number of methods that are designed to handle
econometric problems such as the problem of endogeneity and serial correlation of
error terms, as well as nuisance parameters, which may occur when assessing the
consumption function. Some of these procedures are based on Vector Error
Correction Model (VEC), while others are based on individual equations (single-
equation models). In this paper, when estimating the effect of housing wealth on
consumption, a single equation model and an estimator developed by Pesaran, Shin
and Smith (1999) is used. Specifically, this estimator (i.e. Pooled Mean Group, PMG
estimator) enables very flexible assumptions in the panel framework, in particular for
joint assessment of elasticity of consumption with respect to income and housing
wealth, which is achieved by restricting the long-term parameters, and at the same
time, short-term parameters, the speed of adjustment and variances are not
restricted among countries. Thus, using Auto-regressive distributed lag (ARDL)
modelling approach developed by Pesaran, Shin and Smith (1999), PMG estimator
can jointly correct for serial correlation between the residuals and the endogeneity
of regressors based on the selection of a specific number of lags for both dependent
and independent variables.

Data were collected for 16 European countries, and the longest time-span for
some countries and variables in the panel is from 1990Q1 to 2012Q1. With regard to
the scope of this paper, there are few restrictions concerning the data availability.
Specifically, for the implementation of the empirical part of the analysis quarterly
data on personal consumption, income and housing wealth were used. Given that
in this paper the housing wealth effect on personal consumption is modelled, no
distinction between durable and non-durable consumption is made. Namely,
according to a research conducted by Mehra (2001), the variable of interest when
investigating the wealth effect is the total consumption.

Furthermore, variables for income used in this paper is the total disposable
income, since the use of total disposable income instead of just income from work
(wages) is proposed in a humber of economic theories, such as an extended version
of the life cycle theory (see Attanasio et al., 2009).

As a proxy variable for housing wealth the real estate prices are used, since the
housing wealth series are not available for some of the developed countries and for
most of the post-transition countries in the sample. Real estate prices as a proxy
variable for housing wealth are used in a number of research for instance: Aoki,
Proudman, Vlieghe (2003), Ludwig, Slak (2004), Ciarlone (2011), Ahec Sonje, Ceh
Casni, Vizek (2012), Ceh Casni (2014), Ceh Casni, Vizek (2014), to name a few.

Data on personal consumption and disposable income are taken from the
International Monetary Fund (IFS) database, and data on real estate prices are
taken from the Bank for International Settlements (BIS) house price database and
national statistics of chosen post-transition countries.

Notwithstanding the unquestionable limitations in the data, the great effort is
made in order to make the series of interest as comparable as possible. The property
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prices in national currencies are recalculated into base indices (2005 = 100). Finally,
all indices are deflated using CPI (consumer price index). In addition, data on
personal consumption and disposable income taken from the analytical database
of the International Monetary Fund (IFS) offer a certain degree of homogeneity
among the countries and therefore are preferred in the analysis, compared to the
same data from national statistics.

The variables used in the empirical analysis are expressed in logarithms (i.e. base
indices (2005=100) are recalculated to logarithms), so the parameter estimates are
interpreted as the elasticity of consumption to changes in the independent
variables. Also, variables are seasonally adjusted using the X-12-ARIMA method.

The analysis starts from the equation of personal consumption defined by the
following expression:

Cio =Voi +7uYu +7aHW, +&,,1=12,. ,Nt=12,.T. (1)
Namely, C, denofes the logarithm of real private consumption, Y, stands for the
logarithm of real disposable income, HW, is logarithm of real housing wealth, and
indices i and f indicate the country and time period, respectively. Error term (&)
denotes the effects of unanticipated fremors in consumption and y,; is the constant

term.
The equation (1) is resulting from the intertemporal budget constraint, so the
coefficients (y,;andy,; ) represent the effects of permanent changes in

consumption that have the property of elasticity and are maintainable in the long-
run. Furthermore, in the short-run there can be some deviations from long-term
relationship given in equation (1) which can happen for various reasons like the
adjustment costs, habit persistence or liquidity constraints. Therefore, the typical
ARDL consumption pattern as a function of income and wealth includes lags in order
to model the response of consumption to changes in income and wealth.
Accordingly, in this paper, econometric specification allows for different functions
of consumption by country, simply by means of specifying the lag length for each
variable using standard statistical criterion. For simplicity, here is assumed that only
the first lag of each variable is relevant in short-term in each country. Consequently,

the unrestricted autoregressive distributed lag model, panel ARDL (1,1,1) is given by
equation (2):
Cit =6 + PraiYie + PraYiea + Booi HWy + B HW ) +7,C g +75 (2)

Error term is by the model assumption independently distributed through i and t,
but the variance can be heterogeneous across countries. The model assumption of
independence through spatial units (cross-section independence) is quite strong
and restrictive, since the macroeconomic time series can, in certain cases, reflect a
significant degree of correlation among the countries in the panel. Such
dependence in the spatial components is the area of panel analyses that is rapidly
growing and primarily studies the solution of negative impacts that such
dependence causes in existing research instruments. Furthermore, by assumption,
the error term in the equation (2) is independent of all other variables. It is also
necessary to point out another problem that may arise from the equation (2).
Namely, Pesaran, Shin and Smith (1999) showed that the ARDL approach to
modelling consumption function is not acceptable in the cases where the variables
are not integrated of first order. Thus, reparametrisation of the equality given by
expression (2) in order to take into account the possibility of a long-term relationship
between the variables obtained by equation (2) in the form of a panel error
correction model is given by:
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AC, = ¢, (Ci,t—l —Yoi — V1Y —Yai H\Nit)_ﬂlliAYit = Boy AHW,, + 17, (3)
where A is the first difference operator and:
o, Bioi + B Booi + Box
¢i:_(1_7i),70i:—:71i:M172i:M- (4)
1-y 1-y 1-y,

Equation (3) allows for an ARDL (1,0,0) as a exceptional case. Namely, consumption
comes in level and with a lag, whereas income and housing wealth only come in
level.

Engle and Granger (1987) highlight in their theorem, that there is a connection
between the co-integration mechanism and the error-correction mechanism. Thus,
equation (3) is the basis for evaluating long-term connection between consumption,
income and housing wealth.

Within the defined framework, Pesaran, Shin and Smith (1999) suggest that long-
term coefficients in the equation (3) are equal across countries (i.e. long-term
homogeneity), while the constant, the speed of adjustment, short-term coefficients
and error variance may vary by country. In other words, there is a (N-1)* k restrictions
on the model given by the expression (3) for eachi.

Empirical analysis and results

With the aim of testing the research hypothesis that there is stafistically significant
and positive  long-term  relationship  between housing wealth and private
consumption in the analysed group of European countries, PMG estimator of
Pesaran, Shin and Smith (1999) is applied. According to PMG procedure, statistical
properties of the variables of interest are tested. In that sense, panel unit root tests
with  common unit root processes (Levin, Chien-Fu, Chia-Shang, 2002; Breitung,
Pesaran, 2005; Hadri, 2000) and with individual unit root processes (Im, Peseran, Shin,
2003; Maddala, Wu, 1999; Choi, 2001) are conducted and summarized in Table 1.

Table 1 Panel unit root tests results

Null Alternative p-values
Test . . Personall Disposable Gross Housing
hypothesis hypothesis . :
consumption income wages | wealth
Im- All panels Some panels 0.99 0.99 0.25 1.00
Pesaran- | contain unit | are
Shin roots stationary
PP. All panels At least one 0.18 0.00 0.04 0.99
. contain unit | panelis

Fischer .

roots stafionary
ADE- All panels At least one 0.74 0.36 0.25 0.84

. contain unit | panelis

Fischer ;

roots stationary

. All panels All panels 0.98 0.99 0.98 0.49

Levin-Lin- . .

contain unit | are
Chu .

roots stationary

All panels All panels 0.99 1.00 1.00 1.00
Breitung contain unit | are

roots stationary

All panels Some panels
Hadri are contain unit 0.00 0.00 0.00 0.00

stationary roofts

Note: Levin-Lin-Chu, Breitung and Hadri tests require a balanced panel and were therefore
applied to a tfruncated version of the dataset.
Source: calculation of the author.
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In the case of all analysed series, the null hypothesis of a unit root cannot be
rejected (and in the case of Hadri test, the null hypothesis of stationarity is strongly
rejected). Subsequently, it is confirmed that the series are non-stationary, so panel
co-integration tests are carried out.

In the empirical analysis both residual-based (Pedroni, 1999; Kao, 1999), and
likelihood-based (Maddala, Wu, 1999) tests for panel co-integration were
conducted. In addition, panel co-integration tests based on structural dynamic
(Westerlund, 2007), are carried out. The results are presented in table 2.

Table 2 Panel co-integration tests results

Test Null hypothesis Alternative hypothesis Statistics p-value
. Gt 0.085
All panels contain ECM
Ga 0.002
Westerlund | No ECM
Some panels contain ECM Pt 0.025
P Pa 0.000
Pedroni No cointearation Homogenous cointegration Panel ADF 0.000
9 Heterogeneous cointegration | Group ADF | 0.000

Source: calculation of the author.

According to table 2, the null hypothesis of no co-integration (or no error
correction in case of Westerlund tests) is strongly rejected for all analysed variables.
Accordingly, the model given in equation (3) can be estimated and it will offer
consistent estimation of the long-run and short-run impact of disposable income and
housing wealth on personal consumption. Table 3 summarizes the results of the
baseline model.

Table 3 Pooled mean group estimates

Variable Panel of 16 countries
Speed of adjustment _?61‘33]
Long-run coefficients
Disposable income 0.34***
[0.05]
Housing wealth 0.14%**
[0.02]
Short-run coefficients
Disposable income 0.16**
[0.04]
Housing wealth 0.1 7%**
[0.03]
constant 0.7*
[0.04]
Number of observations 966
Number of countries 16
Log likelihood 3941.85
Hausman test 27.07
(0.13)

Note: Estimates are performed using the PMG estimator; the presented short-run coefficients
and the speed of adjustment are simple averages of country-specific coefficients; all
equations include a constant term; standard errors are given in brackets, p values are given
in parenthesis; ***, **, * indicate significance at 1, 5 and 10 percent confidence level,
respectively.

Source: calculation of the author.

36



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. 2, No. 2, 2016, pp. 30-40

The results from Table 3, propose that the error correction mechanism is in position.
Thus, the adjustment coefficient has the expected negative sign and is statistically
significant at 1% significance level. Therefore, the long-run relationship between
personal consumption, disposable income and housing wealth is reached in
approximately eight quarters. Furthermore, in the long-run, there is a positive direct
housing wealth effect on personal consumption, statistically significant on 1% with
the elasticity coefficient of consumption to changes in housing wealth of 0.14. This
confirms the research hypothesis of the paper of statistically significant and positive
long-term relationship between housing wealth and private consumption in the
analysed countries. Also, the housing wealth effect is present in the short-run, with
somewhat smaller, but statistically significant coefficient. Furthermore, according to
estimated model, disposable income has a significant impact on personal
consumption with a positive elasticity coefficient of 0.34. In the short run, disposable
income also has a statistically significant positive influence on personal consumption
with somewhat smaller coefficient.

In the lower part of Table 3 a test of long-run homogeneity restriction and test of
endogeneity bias, which are both Hausman type tests are presented. Nevertheless,
homogeneity of long-run coefficients conditional by PMG estimating procedure
cannot be assumed in advance. Therefore, two estimators Mean Group (MG) and
PMG were compared. In the case when long-run homogeneity restriction is true,
PMG gives more efficient estimates compared to MG, but if the true model is
heterogeneous, than PMG estimates would be inconsistent. The test result suggests
that the null hypothesis of long-run homogeneity restriction cannot be rejected, so
the PMG estimator is appropriate in this case.

Conclusions
Given the fact that housing wealth is an important component of total household
wealth and it represents the key link between households and the macro economy,
in this paper the long-run as well as the short-run link among private consumption,
housing wealth, and income was examined. In the empirical analysis of direct
housing wealth effect, the pooled mean group estimator for dynamic panel data on
the sample of 16 selected European countries was used. The research hypothesis of
statistically significant and positive long-term relationship between housing wealth
and private consumption in the analysed countries was confirmed. According to the
estimated model, the long-run and the short-run housing wealth effect in analysed
countries does exist. Furthermore, consumption adjusts to its long-term equilibrium
with lags and there is a significant short-term adjustment of endogenous variables
(real disposable income and housing wealth) to their long-term relationship with
consumption.

In further research, the sample of countries could be enlarged and, also, the
different methodology might be used in order to see which variable adjusts the best
to the shocks in the real estate prices.
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Appendix

Table Al Data description and sources

Variable
Country coiifr?w';?ilon Disposable income Gross wages Housing wealth
United Nominal consumption Nominal total indifssz&%gféo Residential real-estate prices, all
Kinadom expenditures, total, IFS | personal disposable seasondll ’ dwellings per square meter,
9 indices, 2005=100 income, IFS . v indices 2005=100, BIS
adjusted, IFS
Nominal consumption Nominal fofal Gross wages in ex:’?sﬁfwldilrwglllifOsl_iistT)?Tecﬁir(leiesér
Bulgaria expenditures, fotal, IFS | personal disposable g 9 'gs In DIg ” 4
indices. 2005=100 income. IFS Euros, WIIW square meter, indices, 2005=100,
’ ' BIS
Nominal consumption Nominal fotal Gross wages Residential real-estate prices,
Denmark expenditures, fotal, IFS | personal disposable indices 2005”:] 00, | family houses. gnql dwelllngi per
indices. 2005=100 income. IFS seasonally square meter; indices, 2005=100,
! ! adjusted, IFS BIS
Nominal consumption Nominal fofal Gross wages in Real-estate prices for the whole
Estonia expenditures, total, IFS | personal disposable g prices .
indices, 2005=100 income. IFS Euros, WIIW country, Statistics Estonia
Nominal consumption Nominal total Wage indices for Real-estate prices, family
Finland expenditures, fotal, IFS | personal disposable | leading industries, houses for the whole counfry,
indices, 2005=100 income, IFS Statistics Finland Statistics Finland
Crech Nominal consumption Nominal total Gross wages Residential real-estate prices,
Republic expenditures, fotal, IFS | personal disposable | indices 2005=100, existing dwellings, per square
P indices, 2005=100 income, IFS IFS meter, indices, 2005=100, BIS
Nominal consumption Nominal total Gross wages Re:IedOe|$ls?(l;|;z?:;]e\s/tiZLengnCZi all
Austria expenditures, fotal, IFS | personal disposable | indices 2005=100, - y p_
- _ ) square meter, indices, 2005=100,
indices, 2005=100 income, IFS IFS BIS
Nominal consumpftion Nominal national Gross wages Hedonic index of real-estate
Croatia expenditures, total, IFS | disposable income, | indices 2005=100, rices, (HICN), HNB
indices, 2005=100 Eurostat IFS P ' '
Nominal consumption Nominal national Nominal wages in | Residential real-estate prices, all
Switzerland expenditures, totfal, IFS | disposable income, Euros, SW.'SS. fom|!y houses and exisfing
indices. 2005=100 Eurostat Federal Statistical dwellings per square meter,
' Office indices 2005=100, BIS
Nominal consumption Nominal total Gross wages in Quarterly indices of real- estate
Slovenia expenditures, total, IFS | national disposable Euros nglw prices for Ljubljana and the rest
indices, 2005=100 income, IFS ' of Slovenia; indices 2005=100, BIS
Nominal consumption Nominal total Gross wages Residential real-estate prices for
Sweden expenditures, fotal, IFS | personal disposable | indices 2005=100, | all existing dwellings per square
indices, 2005=100 income, IFS IFS meter, indices 2005=100, BIS
Nominal consumption Nominal total Gross wages Residential real-estate prices for
France expenditures, total, IFS | personal disposable | indices 2005=100, | all existing dwellings per square
indices, 2005=100 income, IFS IFS meter, indices 2005=100, BIS
Nominal consumption Nominal total Gross wages Residential real-estate prices for
Spain expenditures, total, IFS | personal disposable | indices 2005=100, | all existing dwellings per square
indices, 2005=100 income, IFS IFS meter, indices 2005=100, BIS
Nominal consumption Nominal fotal Average weekly Residential real- estate prices,
Ireland expenditures, total, IFS | personal disposable camings in EL.”OS’ average for existing and new
indices. 2005=100 income. IFS Statistical office, buildings per square meter,
! ! Ireland indices, 2005=100, BIS
Nominal consumption Nominal total Gross wages Residential real-estate prices for
Netherlands | expenditures, total, IFS | personal disposable | indices 2005=100, | all existing dwellings per square
indices, 2005=100 income, IFS IFS meter, indices 2005=100, BIS
Nominal consumption Nominal total Gross wages Residential real-estate prices for
Norway expenditures, total, IFS | personal disposable | indices 2005=100, | all existing dwellings per square
indices, 2005=100 income, IFS IFS meter, indices 2005=100, BIS
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Abstract

Until 2014, the sample for the statistical survey Tourist Activity of the Population of the
Republic of Croatia, shortly named as TADS, was a quota sample. The sample
selection and the data collection for the survey in the Computer Assisted Telephone
Interviewing (CATI) mode were conducted by a hired marketing research agency. In
the summer of 2014, the Croatian Bureau of Statistics (CBS) set up its own call centre
for CATI surveys. At the beginning of 2015, the CBS started developing a new
probability sample design and a weighting strategy of TADS. The surveys of all the
four quarters of 2015, fully conducted by the CBS, were freated as test surveys. The
purpose of this paper is to describe and evaluate the finally accepted overlapping
dual-frame survey design and a weighting procedure based on the sample data
collected in all the quarters of 2015. The paper shows how the new design is
incorporated in the existing circumstances in which surveys are conducted. The
overlapping dual-frame survey design of TADS produces survey estimates related to
the whole survey population based on two independent samples from two
overlapping sampling frames (the first sampling frame consists of landline phone
numbers from the phone book and the second one consists of mobile phone
numbers from the phone book). In spite of a large undercoverage of the survey
population in the phone book, using both phone types in TADS improves the fotal
coverage of the survey population and relieves a problem of coverage and
response bias. The applied weighting procedure is described systematically. The
probability sampling allows calculating quality indicators such as standard errors of
survey estimates and helps optimizing the survey process.
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Infroduction

Statistical survey Tourist Activity of the Population of the Republic of Croatia, shortly
named TADS (the abbrev. TADS comes after the previous survey name in Croatian
language: TuristiCka aktivnost domaceg stanovnistva), gathers data on national
tourism, that is, the data on participation in tourism and the characteristics of tourism
trips of the Croatian citizens aged 15 and over (15+), outside their usual environment
(Eurostat, 2015).

The goal of the survey is to assess how many of Croatian citizens are travelling,
their motives for going on a frip, where and when they travel, how long do the trips
last and what the trip expenditures amount to. Information collected by this survey is
related to overnight trips (private and business) and same-day visits (private and
business) within Croatia and abroad. While the section on ftrips includes all tourism
trips (private and business), the section on participation in tourism includes only trips
for private purposes. Since the business, trips are more difficult to recall and because
this touches the social component of tourism statistics, the trips made for business
reasons are excluded. For the surveyed citizens who did not travel, the data on the
reasons for not going on a trip are collected. Except for the previously mentioned
characteristics of trips, data are also gathered on the socio-demographic profile of
the population (age, gender, level of education, number of persons in the
household, status in employment, and county of residence). There is a high national
relevance of the survey since it is one of the main data sources for Tourism Satellite
Account (TSA) compilation.

The data on tourist activity of the Croatian population in 2015 were gathered by
carrying out four waves of Computer Assisted Telephone Interviewing (CATI) survey
on a probability sample of Croatian citizens aged 15+. Ideally, the reference period
should be one month. However, for the reason of cost-efficiency, a quarter is taken
as the reference period. A tourism trip had to end within the reference period and
could have started up to 365 days prior to its end. The characteristics of trips are
monitored on the level of three overnight stays and three same-day visits as the
upper limit.

Merging the results of four quarterly periods gave the assessment of number and
characteristics of trips in the observed year. The assessment of the number of persons
who went on a frip is calculated based on persons who were surveyed in the last
(fourth) survey wave in which the question for the whole reference year were
included.

According to Eurostat guidelines, national statistical offices in the European Union
member states tend to use probability sampling in their sample surveys. Probability
sampling means that every unit in the survey population has a known and greater
than zero (inclusion) probability to be selected in the sample. As it is known, by using
a probability sampling, a sample statistician avoids subjective judgements (bias) in
sample selection. Probability sampling and probability theory ensure proper
statistical inference from the sample to the population and possibility to calculate
quality indicators such as standard errors.

Probability sample surveys also suffer from coverage and response bias but there
are widely accepted different steps to relieve bias problem (Biemer, Lyberg, 2003).

Non—-probability sampling is a widely accepted by marketing research agencies
(Office for National Staftistics, 2015; FAO, 2016). However, national statistical offices
sometimes resort to non—probability sampling from different reasons: too high non—
response rates and costs, or no ability to conduct probability sampling (Office for
National Statistics, 2015).
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Until 2014, the sample for TADS was a non—probability quota sample. The quotas
were defined taking into account the following variables: county, size of settlement
(the measure of size was the number of inhabitants) and gender — age group of
respondents. The data collection was conducted by a marketing research agency.
The mode of data collection was CATIl. The sampled household was selected by
random selection of phone number from the landline phone book. The interviewed
person at age 15+ in the sampled household was selected using “last — birthday”
selection technique, if it was only allowed by the quota approach.

In the summer of 2014, the Croatian Bureau of Statistics (CBS) set up its own call
centre for CATI surveys. The first surveys conducted in this centre were agriculture
surveys. The phone numbers were selected from the Croatian Agriculture Register.

At the beginning of 2015, the CBS started developing a new (probability) sample
design and a weighting strategy of TADS with CATlI mode of data collection. All
survey quarters in 2015, fully conducted by the CBS, were treated as test surveys
because of the complexity of survey questionnaire, survey topics, question
difficulties, no skill interviewers and no experience in probability sampling from the
phone book.

The purpose of this paper is to describe and evaluate a new overlapping dual-
frame survey design and weighting procedure based on sample data collected in
all quarters in 2015.

The purpose is also to make potential readers of this paper more familiar with the
work in the CBS and encourage better cooperation between the CBS and
universities and other institutions. We will show why an overlapping dual sampling
frame (landline and mobile phones in the phone book) is better solution as a
sampling frame in CATI surveys than a phone book with only landline phones, even
in the case of large undercoverage of survey population and phone users in the
phone book.

The first idea about sampling frame of TADS was to take a data set of all persons in
private households at age 15+ enumerated in the 2011 Census. A person would be @
sample unit. The name and address of selected person would be linked to the
phone book to take a phone number. However, this approach was not accepted
because of many reasons. Both the 2011 Croatian Census data and the phone book
are not up-to-date. Information from the phone book is formatted in different ways
and it makes linkage difficult. Moreover, in the phone book the coverage of landline
phones is much better than the coverage of mobile phones. A landline phone is a
way to contact a household and only one name from the household is connected
with landline phone number in the phone book (Bethlehem, Cobben, Schouten,
2011). As aresult, a large proportion of sampled persons from the 2011 Census would
not be linked to the phone book.

On the other hand, a part of phone book would never be linked to the Census
data. Since the phone reached population is a target, the phone book is imposed
as a sampling frame regardless of the lack of information in it. Variables collected in
the survey, and for which distributions in the population are known (e.g., from the
Census), can also be used as auxiliary information for weighting or the analysis of
survey non-response.

After this infroduction, in the following chapter, the assessment of the coverage of
survey population and the coverage of all landline and mobile phone users by
phone book is given. In addition, differences in socio-demographic characteristics of
respondents reached by landline and mobile phones are presented. Further, new
sample design of TADS developed in 2015 and accepted weighting scheme of TADS
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are described. In addition, finally, some concluding considerations about the
influence of applied weighting scheme on final estimates are given.

Research methodology

Sampling frame coverage of survey population

The accessible phone book released by the firm “Imenik” Ltd., contains landline and
mobile phone numbers of phone ownerships (users) in Croatia with their names and
addresses and information whether the user is defined as private or not.

The target population for TADS is defined as citizens of the Republic of Croatia at
age 15+, that live in private households, excluding population living in institutional
households, citizens of the Republic of Croatia living abroad and foreign citizens
living in Croatia. The aim of this chapter is to assess the coverage of survey
population and the coverage of all landline and mobile phone users by phone
book, situation existing on last quarter of 2015. In assessment, the 2011 Census data
and data released by the Croatian Regulatory Authority for Network Industries
(HAKOM) were used.

Tables 2, 3, 4 and Table 5 show number and percentage of sample unifs
according fo unit statuses (recorded results of phone calls) after data collection
work. Abbr. TADS1501 in the following text means that data (information) are related
to the first quarter in 2015 of TADS etc. Status codes used are as given in Table 1. In
the Table 3, data for status 12 and status 13 are given together.

Table 1 Status codes

Code Status Code Status
0 Response (selected person is 7 Overcoverage - enterprise
successfully interviewed)
1 Refusal 8 Overcoverage - institutional household
2 Refusal to cooperate in any surveys 9 Overcoverage - selected person is younger
than 15 (mobile phone)
3 No time 10 Overcoverage - duplicate
4 lliness 11 Other reasons for no cooperation
5 Overcoverage - foreign citizenship 12 No answer (overcoverage?)
6 Overcoverage - craft 13 Overcoverage - Phone number is not used

At the beginning, non—private phone users, users living abroad, duplicate phone
numbers, duplicate households with two or more landline phone numbers and
duplicate persons with two or more mobile phone numbers were removed from the
phone book. After that, there were 1.666.332 phone numbers (users) in the phone
book. Thereof there were 1.078.694 landline-phone users, and 587.638 mobile phone
users. Among them, about 11% of landline phone numbers and about 30% of mobile
phone numbers do not belong to survey population (statuses 5, 6, 7, 8, 9, 10, 13 in
Table 2 - Table 5 are given for overcoverage). Considering these percentages,
landline phone numbers from the phone books cover about 960,000 private
households, and mobile phone numbers cover about 412,000 persons in private
households.

HAKOM agency releases data only about total number of landline phone users,
not about the number of private landline users.

The number of mobile phone users (post-paid subscribers — they are listed in the
phone book) given by HAKOM agency is related to the number of SIM cards. Private
mobile phone users according to HAKOM agency requested mobile phone service
for private purpose.
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Table 2 TADS1501 Sample units according to status codes
8

Status 0 1 2 3 4 5 6 7 9 10 | 11 12 13 | Totadl
Land-line| 1,315 | 561 | 349 80 | 51 2 6 3 1 1 O | 66| 426 | 293 | 3,154
phone | 41.7 | 17.8 | 11.1 25116 ]101]02]01]00]00]00]21 ]135] 9.3 | 100%
Mobile 335 | 108 49 31 | 11 1 0 0 0 2 0| 25 33 | 256 851
phone | 394 | 127 | 58 | 3.6 |13 ]0.1 |00 00|00 |02 |00 |29 | 3.9 ]30.1 | 100%
Total 1,650 | 669 | 398 | 111 | 62 3 6 3 1 3 0| 91 | 459 | 549 | 4,005
412 | 167 | 99 1287 | 1.6 101102 )01 00|01 00|23 |11.5]13.7 | 100%

Source: Author’s calculation based on data collected by CBS.

Table 3 TADS1502 Sample units according to status codes

Status 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12+13 | Total
Land-line 1,956 | 673 | 156 | 105 | 60 | 19 | 10 3 0 0 0| 88 896 | 3,966
phone 493 11701 391 271510503 |01 |00]00|0.0] 22 22.6 | 100%
Mobile 454 | 120 | 27 | 36 2 4 0 1 1 3 0 19 367 | 1,034
phone 439 | 116 | 26 | 35|02 |04 |00 |01 |01 [03 |00 18 35.5 | 100%
Total 2410 | 793 | 183 | 141 | 62 | 23 | 10 4 1 3 0 [ 107 | 1,263 | 5,000
482 | 159 | 371 28 |12 {0502 0.1 |00 ]0.1 00| 2.1 25.3 | 100%

Source: Author'’s calculation based on data collected by CBS.

Table 4 TADS1503 Sample units according to status codes
Status 0 1 2 3 | 4 [ 516 7 18 |9 [10]11 ]| 12 | 13 |Total
Land-ine | 2028 | 655 [ 135 [ 102 | 68 | 10| 3| 6| O| O] O 61 | 445 | 436 | 3,949
phone 514 166 | 34| 26|17]03]0.1]02]00[00]00]|15][11.3]|11.0/ 100%
Mobile | 482 | 119 | 18| 30| 9| 3| 0| O| O 1| O 13| 31| 338 | 1,051
phone | 46.5 | 113 | 1.7 29 09 (03|00 |00 ]00[0.1]00][1.2] 30322 100%
2517 | 774 [ 153 [ 132 | 77 | 13| 3| 6| 0| 1| 0| 74| 476 | 764 | 5000
503 | 155 | 3.1 | 26 |1.5]03|0.1]0.1]00|00/|00]|15|100 | 153 | 100%

Source: Author’s calculation based on data collected by CBS.

Total

Table 5 TADS1504 Sample units according to status codes
Status 0 1 2 3 | 4|56 7 18 19 [10][11 |12 13 | Total

Lanadine| 2,351 | 591 | 206 | 82 | 64 21 16| 7| o] 7] 67| 525 | 5924532

3

phone 519 | 180 | 46| 18 |14 101 ]05|04]02|00]02] 15116 13.1 | 100%
Mobile | 1,319 | 194 | 71 57 | 14 2
N

1 2 2| 11 1 72 47 677 | 2,470

phone 534 | 79 1 29| 23 |06 |0 00]0.1]01]05]00 | 29| 20| 274 | 100%
Total 3,670 | 785 | 277 | 139 | 78 5|1 22| 18 91 1 8 | 139 | 572 | 1,269 | 7,002
524 1112 | 40| 20 (1.1 |01 (03|03 |01 |02]|01 | 20| 82 18.1 | 100%

Source: Author's calculation based on data collected by CBS.

Table 6 shows coverage of survey population regarding landline phones, and
Table 7 shows coverage of survey population regarding mobile phones.

Table 6 Landline phone — coverage of survey population

Estimated No. of private users No. of users— | A/B | No. of private households - | A/C
(households) - phone book (A) HAKOM (B) (%) the 2011 Census (C) (%)
960,000 1,314,654 73.0 1,519,038 63.2

Source: Author’s calculation based on data collected by CBS, HAKOM.

Table 7 Mobile phone — coverage of survey population

Estimated No. of private No. of private users — No. of persons at age 15+ in
users (persons) — post-paid subscribers | A/B (%) private households — the
phone book (A) — HAKOM (B) 2011 Census

412,000 1,300,763 31.7 3,632,461

Source: Author’s calculation based on data collected by CBS, HAKOM.
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Since the number of landline phone users released by HAKOM agency is related
to all users (not only private), we can assume, from Table 6, a quite good coverage
of private landline phone users by phone book (over 73.0%) and over 63% of
coverage of survey population (private households).

Mobile phone numbers in the phone book improve the survey population
coverage.

In spite of the undercoverage of landline and mobile phone users in the phone
book, we can assume that the presence of any valid phone number in the phone
book is ‘random enough’ to prevent significant coverage bias (probably it is not
true, but coverage bias will be topic for new research in the future).

Maybe it was expected that the survey data collection in all quarters of 2015
would indicate significant differences between landline and mobile phones in the
sample, which are presented further in this chapter.

The interviewed person at age 15+ in the sampled household (landline phone)
was selected using "last — birthday” selection method.

Response rate (RR) in TADS is defined as:

AR — No. of valid units successfully interviewed Z[Status =0] 0
No. of valid contacted units > [status =0+1+2+3+4+11]
Table 8 Response rate and percentage of units, which have a trip
. Responding units
Refer_ence Phone type Response No. Qf responijlng which have a tip
period rate (%) units (status=0) NG 7
Totall 55.4 1,650 381 23.1
TADS1501 Landline phone 543 1,315 258 19.6
Mobile phone 60.0 335 123 36.7
Total 65.2 2,410 815 33.8
TADS1502 Landline phone 64.4 1,956 636 32.5
Mobile phone 69.0 454 179 39.4
Totall 67.5 2,517 1,289 51.2
TADS1503 Landline phone 66.5 2,028 1,007 49.7
Mobile phone 72.1 489 282 57.7
Total 72.1 3,670 1,421 38.7
TADS1504 Landline phone 69.9 2,351 804 34.2
Mobile phone 76.4 1,319 617 46.8

Source: Author’s calculation based on collected data by CBS.

Table 8 shows a higher response rate from the quarter to quarter of survey as a
result of improved data collection work. The response rate is higher for mobile
phones than landline phones. In addition, the percentage of interviewed persons
who have a trip in the reference period is higher for mobile phones.

Statuses 12 and 13 are not freated as valid units in formula (1). High proportion of
status 12 for landline phones (Table 2 — Table 5) could be explained with a
decreasing trend of using landline phone services and a continued growth trend of
using mobile phone services (Ekonomski institut Zagreb, 2015).

High proportion of status 13, particularly for mobile phones, indicates that the
phone book is not up-to-date.

Table 9 shows distributions of interviewed persons (status=0) according to phone
type and different socio-demographic characteristics for all quarters in 2015. This
Table again confirms that there are differences between respondents reached by
landline and mobile phone.
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Table 9 Socio-demographic characteristics of respondents

TADS1501 TADS1502 TADS1503 TADS1504
Socio- Landl. Mobile Landl. Mobile Landl. Mobile Landl. Mobile

demograph. phone phone phone phone phone phone phone phone

category (%) (%) (%) (%) (%) (%) (%) (%)
By gender
Male 38.2 50.1 40.4 51.5 35.1 51.1 36.3 52.5
Female 61.8 499 59.6 48.5 64.9 48.9 63.7 47.5
By age groups
15-29 10.8 15.5 12.3 13.0 9.5 17.4 8.3 21.3
30-49 23.3 40.3 23.7 40.5 23.7 38.2 28.7 38.4
50-64 27.6 31.1 28.6 33.0 31.3 30.7 28.9 27.3
65+ 38.3 13.1 35.4 13.5 35.5 13.7 34.1 13.0

By highest completed level of education
Primary school

or lower 25.1 8.7 24.2 8.1 24.7 7.9 17.4 7.3
Secondary

school 50.8 59.1 52.4 60.4 52.4 61.8 55.5 58.8
College 12.6 15.8 11.0 13.2 11.6 13.9 12.3 14.6
Faculty or

higher 11.5 16.4 12.4 18.3 11.3 16.4 14.8 19.3
By status in employment

Employed 28.2 54.3 35.2 54.8 30.4 55.6 34.6 53.1
Unemployed 14.7 15.2 10.8 15.0 15.4 16.8 14.2 16.7
Student 5.5 4.8 6.2 4.6 4.1 43 3.8 6.8
Others 51.6 25.7 47.8 25.6 50.1 23.3 47 4 23.4
By household size groups

1 19.5 12.5 21.5 15.0 21.1 11.5 20.3 14.0
2 30.2 23.3 28.0 22.5 29.7 22.3 28.8 24.0
3 17.2 22.4 17.8 22.9 17.2 23.7 17.9 22.8
4 19.1 22.1 18.4 24.0 18.0 25.6 19.6 23.9
5 or more 14.0 19.7 14.3 15.6 14.0 16.9 13.4 15.3

Source: Author’s calculation based on collected data by CBS.

Table 10 again shows distributions of interviewed persons according to gender
and age groups for landline and mobile phones for the last quarter in 2015. Added
distributions in the last column are taken from the 2011 Census and related to survey
population (persons at the age 15+ in private households).

Table 10 Socio-demographic characteristics of respondents — Comparison with 2011
Census data

Socio-demographic TADS1504 2011 Census
characteristics Landline phone (%) | Mobile phone (%) | Survey population (%)

By gender

Male 36.3 52.5 47.7

Female 63.7 47.5 52.3

By age groups

15-29 8.3 21.3 21.9

30-49 28.7 38.4 32.3

50-64 28.9 27.3 24.9

65+ 34.1 13.0 20.9

Source: Author'’s calculation based on collected data by CBS, Census 2011.

Distributions for landline and mobile phones complement each other. Using both
in the sample reduces undercoverage and non-response errors.

In the last quarter of 2015, interviewed persons reached by landline phone were
asked whether they had a mobile phone and interviewed persons reached by
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mobile phones were asked whether they had a landline phone. Collected
information is given in Table 11.

Table 11 Collected data on question about another phone type

Question TADS1504
Answer | Landline phone (%) | Mobile phone (%)
Do you have a mobile phone? ves 77.9 -
! Prone: No 22.1 ;
i ves - 79.0
2
Do you have a landline phone? No ) o

Source: Author’s calculation based on data collected by CBS.

According to Table 11, there is a similar proportion of users of both phone types
(dual-phone users) among interviewed persons reached by landline and reached
by mobile phone, but, according to previous tables, they are not the same
considering their socio-demographic characteristics. It is established that there are
two groups of dual-phone users: one group is prone to using landline phone and
another group is prone to using mobile phone. It was the main reason why the
overlapping dual-frame sample design described in the next chapter was finally
used in TADS.

In spite of large undercoverage of landline phone and mobile phone users and
large undercoverage of survey population in phone book, using both phone types in
TADS improves total coverage of survey population and relieve problem of
coverage and response bias.

Sample design

For the first three quarters in 2015, survey design of TADS was screening dual-frame
design (Brick et al., 2011). For the last quarter in 2015, sample design was changed to
overlapping dual-frame design. The term dual-frame means that there are two
frames: one with landline phone numbers and another with mobile phone numbers.
Usually such designs are connected with the Random Digit Dialling (RDD) technique
(Brick, 2008; HAKOM, 2015) of selecting persons by generating phone numbers at
random. We applied dual-frame design with the phone book as sampling frame
(two (sub) frames).

With the screening dual-frame design, the aim was to have the frame coverage
of survey population as good as possible and without overlapping. Non-private users,
duplicate households with two or more landline phone numbers, duplicate persons
with two or more mobile phone numbers and persons with mobile phone number
also covered by landline phone number according to the theirr names and
addresses, were removed from the phone book (screening). The frame covered
landline phone users who have landline phone number listed in the phone book and
mobile phone users who have only mobile phone number listed in the phone book.

With the overlapping dual-frame design, only non-private users and duplicate
phone numbers were eliminated from the frame. In this case, there are two (sub)
frames (landline and mobile phone frames) which cover landline phone users who
have only landline phone number listed in the phone book (landline phone frame),
mobile phone users who have only mobile phone number listed in the phone book
(mobile phone frame), and dual-phone users (overlapping part of landline and
mobile phone frames), who have landline and mobile phone number listed in the
phone book. The person with a mobile phone number in the phone book and also
covered by landline phone number in phone book could be selected by selection
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either her/his the landline or mobile phone number which makes weighting
procedure more complex.

The purpose of overlapping dual-frame survey design is to produce survey
estimates related to the whole survey population based on two independent
samples from two overlapping sampling frames.

In all quarters in 2015, the sample was a stratified random sample with
stratification of sampling frame according to phone type and county where phone
user lives. Sample allocation was proportional to the number of units in stratum. In the
first quarter, sample size was 4,005 units. Because of low response rate, in the second
and third quarters, sample size was increased to 5,000 units. In the last quarter,
sample size was 7,002 units.

There is no overlapping of sample units (phone numbers) between different
quarters of survey. A person who is multiple respondent in the survey (e.g. a person is
selected via landline phone and mobile phone, a person has more than one mobile
phone) is interviewed only once. If such person is contacted again in the same wave
of survey, he/she gets status code 10 (duplicate unit) for the second approach.

In the case of landline phone in the sample, the interviewed person at age 15+ in
the sampled household was selected using “last — birthday” selection method.

In the case of mobile phone in the sample, the interviewed person is phone user.

Calculation of weights
In sample surveys, every responding sample unit represents a certain number of non-
sampled units given by weight. The main reasons for using weights in sample surveys,
theoretical background and practical applications in the case of dual-frame survey
design are given e.g. by Barr et al. (2014), Elkasabi (2014), Foreman (1991), Gabler et
al. (2012), Kish (1965). Here, we will mention that sample units / sample data are
weighted because of different inclusion probability of units and non-response,
overcoverage and undercoverage bias. Using appropriate weighting, we produce
more accurate survey estimates of population parameters.

In this chapter, calculation of sample weights applied in TADS in the last quarter in
2015 is described.

Design weights w,, (reverse of probability that a given sample includes a

specified unit) joined to every selected unit in the sample in stratum h, h=1,..., H, are
calculated as:
o No
n=rr (2)
where N, is the number of units in the sampling frame in stratum h, n,is the number

of units in the selected sample in stratum h.

Other weights given further are calculated only for responding units (status=0). For
other units they have a value 0.

Non-response weights w,, are calculated with a stratum as a weighting class

because of lack of information from sampling frames for more sophisticated non-
response correction:

D [Status=0+1+2+3+4+11+12],
> [Status=0], '

The poststratification weights, ws,,, which relieve the problem of mobile phone
undercoverage, are calculated only for units from mobile phone frame:

Wonh =

(3)

49



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. 2, No. 2, 2016, pp. 41-54

NMPOST

Wamn = 7,

Z(Z[STOTUS: O],-)xwli X W,y
i=1

where N,,os IS the number of private mobile phone users (post-paid subscribers)
according to HAKOM Agency H,, is related to the number of strata in mobile phone
frame.

The postratification weights, which relieve the problem of landline phone
undercoverage, are not calculated because of the lack of information about the
number of private landline phone users in population.

In selected household i (landline phone), interviewed person is selected with
probability 1/p; where p.is the number of persons in household i at age 15+. Hence,

the next weight w,,,; is defined for units in stratum h in landline phone frame as

Woyrhi =0; - (5)

For interviewed person i in stratum h who has only landline phone number or only
mobile phone number listed in the landline or mobile phone frame, final weights
before calibration w,,; (landline phones) and w,,, (mobile phones) are defined as

(4)

Wihi = Wip XWop XWy i . (6)
Winthi = Wip XWop XWapy, (7)

A certain proportion of interviewed persons have both landline phone number
and mobile phone number listed in frames (because of overlapping part of sampling
frames). For those persons, the sample weights w,,. or w,,; given also with formulas

(6) and (7) were adjusted using the composite factor A set at 0.5 (Barr et al., 2014;
Brick et al., 2011). Therefore, for those dual phone-users, the composite weights (final
weights before calibration) are given by the following formulas:

Wik = AXWiyi (8)
for interviewed persons selected from landline phone frame and
Wi =@= )XWy, (9)

for interviewed persons selected from mobile phone frame.
Dual-phone users described above were identified with the following questions:
a) Do you have landline/mobile phone numbere
b) Is this number listed in the phone book?

A certain proportion of respondents do not know whether her/his phone number is
listed in the phone book and then this information is imputed randomly.

By the calibration procedure, the weights are adjusted so that they reproduce the
totals of external variables. For the calibration of weights given with formulas (6). (7).
(8) and (?2), we used SAS Macro Calmar (fruncated linear method; INSEE, 2002).

The new weights were calibrated on the number of persons in private households
at age 15+ by gender, age groups and counties and according to the highest
completed level of education. The weights of one-person households were
calibrated on the number of persons in one-person households by age groups.
External data was taken from the 2011 Census data.

Sample errors for the main estimates were calculated applying the Taylor
linearization technique (SAS SURVEYMEANS procedure, complex design).
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Results, discussion and considerations for further research
Postratification weights w,,,, for mobile phones are given with formula (4). In the

same way, we can define postratification weights w,,, for landline phones, as
follows:

NLF’OST
H, !
33 [status=0])xwy xw,, (10)
i=1
where N o5 IS the number of landline phone users according to an external source,
H, is related to the number of strata in landline phone frame.

Here, we want to show to what extent final survey estimates (estimates after
calibration of weights) depend on values of Nog anNd N,eosr iN the case of TADS
on the data from the last quarter in 2015. The weighting procedure is described in
the previous chapter. We will change only the formula (6):

Wah =

Wihi = Wip XWop XWo i XWy i - (11)

In the previous chapter, the weight w,,, =1.

In our consideration, we will distinguish the following interesting cases, as given in
Table 12, with comments.

Table 12 Considered cases

Case Weights properties Comment
A W =1, Wauy, =1 postratification weights are not applied
B Wan =1 Nyposr =1,300,763 HAKOM value for Nmpost
C  |Wap =1, Nyposr =800,000 arbifrary value for Numposr
D |Nypos =1300000, N,posr =1,300,763 |arbitrary value for Nirost, HAKOM value for Nupost
E Wan =L Wa =0 mobile phones are excluded

Source: Author's creation.

Comparison of survey estimates, TADS1504, are shown in Table 13.
Without elaborating the algorithm for truncated linear method for calibration,
Table 13 shows that postratification weights (w,,, andw,,,, ), or the extent of

sampling frame undercoverage, described above, have a small influence on final
point estimates which are close to each other (cases A, B, C, D) but influence the
coefficient of variation of calibrated weights and sample errors (the width of 95%
confidence intervals). It indicates that different sampling fractions for different frames
in dual-frame survey design should be taken into account for optimal sample
allocation.

Case E, Table 12, is related only fo landline phone sample.
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Table 13 Comparison of survey estimates, TADS1504

Cases
A B C D E

n — sample size (Status=0) 2,912 2,912 2,912 2,912 1,916
CV for calibrated weights (%) 117.0 93.1 101.9 99.3 114.7
Number of persons on trips

Estimated value 1,108,177 1,106,188 1,114,314 1,113,584 | 1,134,583
95% confidence interval - Lower limit 1,000,688 1,015,111 1,015,361 1,016,222 992,399
95% confidence interval — Upper limit 1,215,667 1,197,265 1,213,268 1,210,946 | 1,276,767

Number of persons on trips with overnight stays
Estimated value 566,162 564,850 566,316 566,251 579,077
95% confidence inferval - Lower limit 484,684 496,454 492,524 494,166 476,703
95% confidence interval - Upper limit 647,640 633,246 640,109 638,335 681,451

Number of persons on private frips with overnight stays

Estimated value 511,432 511,930 513,195 514,502 526,583
95% confidence inferval - Lower limit 432,230 445,459 441,345 444,244 426,760
95% confidence interval - Upper limit 590,635 578,401 585,045 584,759 626,406
Number of persons on business trips with overnight stays

Estimated value 72,472 73,615 72,591 71,529 66,968
95% confidence interval - Lower limit 48,244 52,109 50,652 50,155 38,419
95% confidence interval - Upper limit 96,670 95,122 94,530 92,904 95,516
Number of same-day visitors

Estimated value 643,517 632,095 642,980 638,932 652,087

95% confidence interval - Lower limit 563,744 563,236 568,626 565,619 545,802
95% confidence interval - Upper limit 723,290 700,953 717,333 712,246 758,373

Number of same-day visitors on private frips

Estimated value 597,862 587,509 597,393 594,639 610,874
95% confidence interval - Lower limit 520,134 520,293 524,816 522,921 506,482
95% confidence interval - Upper limit 675,590 654,726 669,971 666,356 715,267
Number of same-day visitors on business trips

Estimated value 82,461 74,080 78,831 74,904 77,734
95% confidence interval - Lower limit 54,928 51,619 53,921 51,945 48,120
95% confidence interval - Upper limit 109,994 96,542 102,842 97.862 107,348

Source: Author’s calculation based on collected data by CBS.

In case B, the coefficient of variation of calibrated weights is the smallest.
Weighting procedure applied in TADS, corresponds with the case B.

Conclusions

Since 2015, TADS survey has been fully conducted by the CBS with a new
overlapping dual-frame survey design and a new weighting strategy based on
probability sample of landline and mobile phone users in confrast fo quota sample
of landline phone users in previous years. Lacking better sampling frame for CATI
mode of data collection, the sampling frame is a phone book with all its limitations,
divided in two parts (two (sub) frames): landline and mobile phone numbers.

The aim of overlapping dual-frame survey design is to produce survey estimates
related to the whole survey population based on two independent samples from
two overlapping sampling frames.

This paper gives the assessment of the coverage of survey population and the
coverage of all landline and mobile phone users by phone book.

The response rate is higher for mobile phones than landline phones.

Moreover, the survey data collection in all quarters of 2015 indicates significant
differences between landline and mobile phones in the sample.
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There are two groups of dual-phone users (users of both phone types): one group
is prone to using landline phone and another group is prone to using mobile phone.

In spite of large undercoverage of landline phone and particularly mobile phone
users and large undercoverage of survey population in phone book, using both
phone types in TADS improves total coverage of survey population and relieves the
problem of coverage and response bias.

The paper describes the applied weighting procedure step-by-step, which takes
into account the main principle of weighting: a weight is a reverse of probability of
unit selection. The person with a mobile phone number in the phone book and
covered by landline phone number in phone book has multiple chances to be
selected. This problem is relieved using the composite weights.

Finally, weights reproduce the totals of selected external variables from the 2011
Census (calibration).

The paper gives the table with some survey estimates and related 95%
confidence intervals to show that estimates depend on the extent of sampling frame
undercoverage / sampling fractions.

The overlapping dual-frame survey design is used in surveys with CATI mode of
data collection in national statistical offices in many countries. This paper describes
how this survey design is applied in the CBS and gives opportunity to potential
readers to evaluate our work.
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