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Abstract: The living cost gap refers to the differential amongst income, expenditures, and poverty
lines. It is important since it addresses a number of aspects that point towards historic and continued
living standards. The purpose of this study is to identify, measure, and compare the living cost
gap in the Europe Union member states. Twenty-nine indicators/criteria from Eurostat and World
Bank, covering the period 2008-2017, are employed. In order to rank and compare living cost gap
by countries, objective functions for each criterion are defined and applied. The importance of each
criterion is assessed independently. The composite living cost gap indicator for each MS is calculated
using multiple criteria decision support methods. The relationship between the compound annual
growth rates of this indicator and each single criterion is estimated and evaluated. The findings of the
study suggest that living cost gap is higher where unemployment rates and households” expenditure
on basic needs (housing, food etc.), are larger, while living cost gap is lower where households’ income
and expenditure on optional needs are higher. The living cost gap in the majority of countries tends
to narrow/decrease, along with the increase in the household income and expenditures. Our research
highlights the need to mitigate unemployment and households” low net income in order to alleviate
living cost gap. The analysis and assessment of living cost gap might help identifying the most
vulnerable social profiles and groups, and hence might contribute to the adequate formulation
and implementation of targeted policy responses and interventions at European Union, national,
and regional level.

Keywords: household; income; expenditures; multiple-criteria decision making; compound annual
growth rate

1. Introduction

Territorial inequalities have long been studied and dealt with in the literature and in policy [1-8],
but still many research questions remained unanswered and many issues unsolved [9]. Therefore,
there is historical and continuous interest to analyse territorial disparities through new lenses and
produce knowledge useful to understand the cost of living combining the characteristics of places and
social connections [10]. By definition, the cost of living is the amount of money needed to sustain a
certain standard of living by affording basic expenses. An increasing divergence in living standards
and costs is being recently observed across Europe, partially because much of Europe’s economic
growth has been uneven, mostly occurring in larger regions [8,11].

The notion ”Living Cost Gap” (LCG) refers to the differential amongst income [12,13],
expenditure [14,15], employment [16-18], and poverty [19,20], usually aggravated by economic
crises and recessions [20-23].
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The LCG challenge is important since it addresses a number of aspects that point towards a
historic and continued living standards and expected stress-related behaviour when the living cost
burden occurs [20,24-27].

The most attractive places to live are generally defined by the optimum ratio between income
and expenses [28,29]. Other factors such as housing conditions and life satisfaction [25], personal
safety and security [26], availability of good transport infrastructure [30], education [28], attractive
labour market [31], and reduced risk of poverty [20,32] might be considered as additional benefits for
the households.

Due to a generally favourable combination of those factors, people tend to live in urbanised areas
(cities, towns, or suburbs). Consequently, the non-urbanised (rural) areas are becoming less populated.
Amongst others, this is due to the consolidation of innovation-driven and efficient production toolsets
in the primary sector (agriculture, forestry and fisheries) that largely dominates the economy of rural
areas. This phenomena reduces the labour demand, resulting in declining employment and retarded
growth of rural income [33]. It is not very likely that growth in secondary and tertiary sectors of
economy in rural areas can solve poverty problems in the foreseeable future, especially in many
backward regions [34]. On the other hand, the negative impacts in large cities, such as labour crowding
and elevated cost of living, may boost the appeal of smaller urban centres and rural regions [11].

It is therefore important to monitor the evolution of those factors taken altogether, i.e., territorial
volatility, while urban areas expand and population increases. In such a way, one prevents attractive
areas to transform into less attractive or unattractive ones due to fewer and/or poorer job offers, higher
risk of poverty, and less affordable living cost. The lack of job opportunities and thus sufficient income
to guarantee a minimum standard of living or even—-minimum level for surviving, leads to poverty,
deprivation, and ultimately boosts LCG.

The rising awareness of the negative effects from urban poverty, followed by LCG, has resulted in
a rapidly increasing number of requests for new policy incentives aimed at reducing the risk of poverty
and vulnerability, more affordable living cost costs, more and better opportunities for employment,
and income earning [19,35]. In a broader context, there is growing demand for comprehensive scientific
knowledge and tools to enhance environmental, economic, and social values of separate processes
by managing them in accordance with the principles of integrated sustainability [36]. However,
decision-makers often deal with problems that involve multiple conflicting criteria [37—40]. Closing or
at least narrowing the LCG is a challenging and complex process that requires evaluation of many
diverse criteria, alongside with geospatial analysis. The identification of the living cost component of
LCG is the first step in tackling the LCG challenge. Comprehensive studies to detect LCG in the EU
Member States (MS) seem to be largely missing.

The multi-criteria spatial decision support techniques have been chosen for the purpose of this
study, since they allow multiple criteria-based ranking of MS by using tightly integrated [37] geographic
information systems (GIS) and multiple criteria decision-making (MCDM) approaches, along with
general decision support input concerning analytical approaches and interpretations.

The overall purpose of this study is therefore to:

1.  Develop flexible LCG identification framework, which could help decisions-makers in preparation
of LCG mitigation measures;

2. Identify LCG change trends across MS;

3. Provide solution to identify which criterion (and under which circumstances) become more
important for identification of LCG;

4.  Estimate and evaluate relationship between compound annual growth rates (CAGR) of LCG and
CAGR of each criterion, across MS.
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2. Materials and Methods

2.1. Study Area and Source Data Preparation

Open and publicly available data from Eurostat and World Bank for the period 2008-2017
(Table A1) were used for the identification of LCG in the 28 MS, assessed in this study and to create the
composite LCG indicator.

The methodology comprised of 27 Eurostat [41-53] and 2 World Bank [54] indicators (called
“criteria” in our study) at national level that were aggregated and processed in order to assess the LCG
in the MS and consequently, to allow for comparison of LCG across MS.

For further analysis, all criteria were grouped based on criteria relationship with the households.
Four criteria and household relationship types were defined and applied for grouping;:

e  Hypothetical distance from household: adjacent, neighbouring, and distant;
e  Economic decision scale relationship with household: micro, mezzo, macro;
e Location effect on household: local, national, international;

e Impact of decision makers on household: individual, external.

Criterion and household relationship type can be described by spatial-temporal means. The criteria
that might be impacted by decisions made at household level (e.g., net income, savings) are more
adjacent than the criteria that cannot be impacted by decisions made at household level with immediate
effect (e.g., labour market, gross domestic product (GDP), trade flows, etc.) on living standards.

Based on the relationship type, we grouped these determinants (criteria) into three categories
(Table A2), as follows:

e  Adjacent-micro-local-individual (e.g., household net earnings, savings);
e  Neighbouring—mezzo—national-external (e.g., GDP, labour market, housing availability);
e Distant-macro—-international-external (e.g., migration, remittance flows, trade flows);

Adjacent-micro-local-individual group was subsequently broken down into further three
sub-categories (Table A2), as follows: income, basic, and optional expenditures;

Criteria grouping enabled separate evaluation and objective function definition (addressing the
highest LCG) for each criterion (Table A2).

The overall input data preparation was orchestrated in order to find the highest LCG across MS,
detect changes in LCG between 2008 and in 2017 respectively (Table A2), and find the indicators that
impact LCG the most.

2.2. The LCG Assessment Framework

The objective criterion importance [55] has been calculated based on selected
minimization/maximization functions. The function to maximize/minimize has been called “objective
function.” Criterion importance values (Table A3) have been then used as an input for the ranking
of MS using simple additive weighting (SAW) and technique for order preference by similarity to
ideal solution (TOPSIS) techniques [38]. The two methods have been applied for result validation
reasons and also because they employed the same inputs, but via two different ranking approaches.
The ranking outcomes have been considered reliable if both methods had generated similar results.
The final SAW and TOPSIS values ranged from 0 (worst) to 1 (best) and altogether built the so-called
composite LCG indicator. A higher rank value means higher LCG. The SAW and TOPSIS values for
each MS have been separately calculated for 2008 and 2017 (Tables A4 and A5) and later compared
with each other.

The so-identified composite LCG and LCG changes were visualized on a map by using quartile
mapping technique to facilitate LCG comparisons amongst countries. In order to better understand
which criterion had the strongest impact on LCG change, we calculated compound annual growth rates
(CAGR) [56] of SAW (Table A4), TOPSIS (Table A5), and for all criteria (Table A6). Finally, we checked
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the relationship (Pearson correlation) between CAGR of each criterion and CAGRs of SAW (Table A4)
and TOPSIS (Table A5) across MS (Table A6).

A Unified Modelling Language [57] based sequence diagram illustrates workflow and describes
all data and information flows within the framework (Figure 1).

sd LCG framework
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Figure 1. Decision flowchart for multiple criteria analysis of LCG.

The advanced level license of ArcGIS Desktop version 10.6 software developed by ESRI
Inc., Redlands, CA, USA, has been applied for data analyses and mapping. To calculate the
objective importance of criteria and country’s LCG ranks, a custom SDSS [58], MC-SDSS for ArcGIS
software extension [55], has been used (Figure A1). This extension implements full decision-making
workflow (Figure A2) including calculation of criteria importance, SAW, and TOPSIS values within
GIS environment.

2.3. Definition of LCG Using Objective Functions

A Unified Modelling Language [57] based sequence diagram illustrates workflow and describes
all data and information flows within the framework (Figure 1).

Household management decisions are typically guided by multiple objectives measured in a
range of financial and non-financial criteria. In order to perform ranking of MS, the importance of
every criteria has been calculated (Table A3) based on the defined objective function that addresses the
LCG issue (Table A2).
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We assume that LCG is the highest where the following criteria (Table Al) and its objective
functions (minimization/maximisation) have been presented simultaneously across the MS (criteria
grouping according Table A2):

i Households with lowest (minimisation) net income and lowest savings;

ii. Households with highest (maximisation) expenditures on basic needs (housing, food,
and transport) to maintain a minimum level of survival only;

iii. Households with lowest (minimisation) expenditures on optional needs (education, health,
clothing, other miscellaneous goods, etc.);

iv. Households that are exposed to few employment opportunities and low GDP. MS where
unemployment, low work intensity, and income poverty rates are the highest (maximisation)
and GDP is lowest (minimisation);

V. Households that are exposed to housing gap issues. MS where the housing cost overburden
rate and the prevalence of rented houses are the highest (maximisation) and home ownership
is the lowest (minimisation);

vi. Households exposed to socio—economic challenges that only partially depend upon MS.
MS where immigration, import of goods (MS expenditure) and remittance inflow (households
demand for external support) are the highest (maximisation) and where emigration, export
of goods (MS income), and remittance outflow (support capacity for households outside the
country) are the lowest (minimisation).

The detailed description of each indicator and its objective function (focusing on the “highest
LCG”) is provided in Table A2. To test the objective functions and the linkages amongst the criteria,
a criteria importance calculation algorithm [55] has been applied.

2.4. Calculation of Objective Criteria Importance

Before calculating the criteria importance, we normalised the source data (Table A1) by adjusting
values measured on different scales to a notionally common scale using objective functions. The higher
the importance value g; [55], the more important the criterion is. All resulting criteria importance
values (Table A3) then have to be tested. The sum of importance values for all criteria has to be equal
to 1. This is a mandatory condition for further ranking via SAW and TOSPIS methods.

In order to assess agreement (regarding LCG) amongst all criteria we used Kendall’s [59] coefficient
of concordance (Kendall’s W or W). W ranges from 0 (no agreement) to 1 (complete agreement). If W =1,
then all the criteria are unanimous. If W = 0, then there is no overall agreement among the criteria
regarding LCG and criteria values may be regarded as random. Intermediate values of W indicate
greater or lesser degree of unanimity among various criteria considered (Table A3).

In our study, W = 0.001 (for all criteria in Table A3) shows that criteria are still valid, but, there is no
overall agreement among the criteria regarding LCG. All criteria selected are essentially random (might
be also conflicting) and can be used for LCG identification across MS using SAW and TOPSIS methods,
because these two different methods are dedicated to cope with conflicting criteria. The calculation
of objective criteria importance values (including data normalisation and W) for each period was
performed using original objective criteria importance calculation algorithm [55] implemented within
custom made MC-SDSS for ArcGIS extension [55].

2.5. Calculation of LCG Using SAW Method

The SAW method [38,60] is a multiple-criteria decision-making technique consisting of assigning
to each alternative a sum of values, each one associated to the corresponding evaluation criterion,
and weighted according to the relative importance of the corresponding criterion. The final SAW value
is calculated by summing up all the weighted criteria for certain alternatives. The input data used
for SAW calculations: MS as alternatives, normalised Eurostat, and World bank data as criteria and
criteria importance values (Table A3).
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The alternative (certain MS amongst all MS) that best fit the objective function (highest LCG) is
the one with the highest SAW value. MS with the lowest SAW values fit objective function (highest
LCG) the least, which means that such MS have lowest LCG (Table A4).

2.6. Calculation of LCG Using TOPSIS Method

TOPSIS [38] defines a “similarity index” (relative proximity) by combining the geometric proximity
to the positive-ideal solution and the remoteness of the negative-ideal solution. The alternative that fits
the objective function (LCG) the best should have the shortest distance from the positive-ideal solution
and the longest distance from the negative-ideal solution. The input data used for calculations is the
same as in case of the SAW method that is described earlier.

The alternative (certain MS amongst all MS) that best fit the objective function (highest LCG) is the
one with the highest TOPSIS value. MS with the lowest TOPSIS values fit objective function (highest
LCG) the least, which means that such MS have lowest LCG (Table A5).

The calculation of SAW and TOPSIS values for each period and for each MS was performed
using SAW and TOPSIS calculation algorithms [38,60] implemented within custom made MC-SDSS for
ArcGIS extension [55].

3. Results

LCG and LCG Change Trends

The analysis was focused on identifying the temporal LCG change within and across MS. In order
to address the LCG changes, we identified the LCG for the MS within the 2008-2017 period (Tables A4
and A5) by calculating SAW and TOPSIS values on annual basis. The maps show the SAW and TOPSIS
values (composite LCG indicator) for the baseline year 2008 (Figure 2A,B) and for the final year 2017
(Figure 3A,B).

According the findings from (Figure 2A,B), the highest LCG in 2008, estimated along both methods,
was observed in two geographical parts of the EU—the Baltic Sea area (Latvia, Lithuania, and Poland)
and the Black Sea area (Romania and Bulgaria), while the lowest LCG was revealed in a more scattered
pattern, namely in Finland, Ireland, the Netherlands, Luxembourg, Austria, and Cyprus. It is worth
nothing that Belgium, Germany, Hungary, Croatia, and Greece appear also as countries with rather high
LCG. Combined with the results for the very high LCG, these observations mean that the whole Eastern
wing of the EU (except Cyprus), generally suffered of substantial LCG pressure in 2008. On the other
hand, Spain, Malta, Italy, Slovenia, and Denmark were peculiar with relatively low LCG. The picture
for the remaining EU countries assessed—Sweden, Estonia, Czechia, Slovakia, France, the United
Kingdom, and Portugal—was mixed. The following additional conclusions about LCG by 2008 could
be thereby revealed:

e Estonia was more similar to Finland, rather than to the other two Baltic States;

e  The situation in the Benelux area was very diverse;

e (Czechia and Slovakia were rather similar;

e  The Southern layer of the EU, which in other contexts is often put together and demonstrates
similarities, was very distinct.
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Figure 2. Quartile map of composite LCG indicator expressed in SAW (A) and TOPSIS (B) values for
2008 within the EU. Map labels display: MS name abbreviation, SAW value (A), and TOPSIS value (B).
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Figure 3. Quartile map of composite LCG indicator expressed in SAW (A) and TOPSIS (B) values for
2017 within the EU. Map labels display: MS name abbreviation, SAW value (A), and TOPSIS value (B).
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In 2017, the group of the countries with the highest LCG (Figure 3A,B) did not undergo major
modifications and again the two Baltic States (Latvia and Lithuania) and the two Black Sea EU members
(Romania and Bulgaria) landed there. Poland improved a little bit and went up to the group of high
LCG, but Greece and Croatia worsened and joined the club of the MS with the highest LCG. In such a
way, the very high LCG class got concentrated in the South-eastern wing of the EU, located on the
Balkan Peninsula. At the other end—the group of the lowest LCG—there were no major changes either.
Ireland, the Netherlands, Luxembourg, and Austria retained their membership. The downward LCG
change for Finland and Cyprus was negligible, while another small MS, Malta, substituted Cyprus
in this group. The LCG situation on the Iberian Peninsula (Portugal and Spain) worsened, while it
improved in Belgium, Germany, Poland, Hungary, Sweden, and to some extent in the United Kingdom.
The remaining MS assessed (France, Italy, Slovenia, Czechia, Slovakia, Denmark, and Estonia) did not
change much their relative LCG ranking.

Besides the above relative ranking, the absolute LCG values, revealed along both SAW and TOPSIS
methods, suggests a more balanced situation across the EU. No extreme values (0 or 1) were ever
detected in any MS. The LCG values ranged between 0.38 and 0.66 both for 2008 and 2017, i.e., around
the mean of 0.5 (—0.13 and +0.16 respectively to the mean). This observation means that LCG existed
as a phenomenon even in the best performing (in terms of LCG) countries, but, on the other hand,
there were no MS really facing a dramatic LCG challenge. The similar ranges of SAW and TOPSIS
values also indicates that that so-revealed results are reliable, especially in the extreme cases, while
the sensitivity is obviously greater in the middle of the sample. Altogether, these findings imply with
quite some certainty that the LCG issue was relatively moderate in the EU both in 2008 and 2017.

4. Discussion

4.1. Possible Framework Advantages and Drawbacks

Combining 29 indicators from different sources (Table A1) into a single multidimensional composite
indicator allows identifying the LCG, which otherwise would not be feasible by analysing those 29
indicators separately. The composite LCG indicator therefore reveals more comprehensively the critical
LCG across the EU than the separate statistical indicators alone.

The basic variable inputs for both methods were the same, but different standardization/weighting
techniques might have led to slightly different results [61]. Ranking process could have resulted in
situations where certain criteria might have increased ambiguities in the decision-making process due
to insufficient information or contradicting judgments [61-63].

The application of SAW and TOPSIS techniques should be more careful when a large number of
criteria are used. A high number of criteria in one assessment reduces and somehow equalises criterion
importance. In such a case, the solution matrix might become very sensitive and the results—not
plausible, since a small change in weighting and/or an error in observation data might result in very
sensitive ranking and consequently—alter the whole evaluation and ranking.

In our study, LCG was calculated by employing the SAW and TOPSIS methods. Both methods
are fairly simple and appear as the most widely used multi-attribute decision techniques. The tightly
integrated GIS and MCDM components [40] allowed to run calculations simultaneously, share a
common database (Figure A2), and perform immediate analysis because the programme control
remained within the GIS when performing the MCDM analysis.

We found that both SAW and TOPSIS methods were most accurate for the MS with the highest
and lowest LCG. In the remaining, more moderate cases, the LCG, calculated via SAW, was always
increasing (Table A4), while the LCG calculated along TOPSIS was decreasing (Table A5). It was
because the TOPSIS method is generally more accurate than the SAW method in calculating distances
from the extreme (best or worst) options [61].

The results from our study can be interpreted at the national level only. The proposed
framework can be applied in the future also for LCG analyses at finer disaggregation (regional,
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local, city/urban) level by ingesting additional socio-economic historic data and projections from the
European Commission’s LUISA Territorial Modelling Platform [64], backed up by the Urban Data
Platform (UDP) [65] and/or other relevant data and information sources available at a more local level.
The corresponding results and interpretation will obviously depend on the input data scope, coverage,
quality, respective modifications and adjustments of the objective function, temporal accuracy and
coherence, and finally-disaggregation levels.

4.2. Criteria Importance Definition and Assessment

In order to address the LCG, we computed objective criteria importance based on input data
distribution and scattering [55]. It is recommended to exclude similar indicators from the same
assessment. Strongly or perfectly positively correlated (Pearson) criteria might also be redundant and
should be excluded from multi-attribute analysis, because they may lead to misleading interpretations,
especially when the same objective function is applied for perfectly correlated criteria. In our case,
we used (with few exceptions) indicators that had negligible or moderate correlations. The strongest
(indeed—perfect, r = —1) negative correlation was found between homeowners and home tenants,
followed by household expenditure on food and net household income (r ~ —0.9). The strongest positive
correlation was revealed between household net income and GDP (r ~ 0.9). We further analysed those
three indicators because we assumed that LCG could not be evaluated without household income and
basic expenditures, while GDP was the only macro-economic criteria in the overall assessment. For the
contradictory indicators with tenure status (tenants vs. homeowners), we applied different objective
functions. The other indicators demonstrated negligible-moderate relationships.

4.3. Detailed Analysis of Changes in LCG

The minimum and maximum SAW and TOPSIS values in 2008 and 2017 from (Figures 2 and 3)
are depicted in Figure 4.

0.7 4 066
& 0.62
0.58 050
x
[
2
- 0.5 - OMin
3 0.49 0.47 o Max
)
038 0.39
0.3 - : T
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SAW TOPSIS

Figure 4. Minimum and maximum SAW and TOPSIS values of LCG in the EU by MS in 2008 and 2017.
Black lines illustrate distances between highest and lowest values.

Based on our findings (Figure 4), the following conclusions at EU level can be drawn:

e  With one single exception (the maximum value for 2017), the SAW method tended to generate
lower minimum value and higher maximum values than the TOPSIS method. As a result, the gap
between minimum and maximum values under the SAW method was constantly larger than the
one under the TOPSIS method.

e Under both methods, the gap between minimum and maximum values got smaller in 2017
compared to 2008. This means that the LCG divergence across the EU decreased, i.e., some kind
of pan-EU LCG convergence occurred. Under the SAW method, the convergence was due to a
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significant decrease in the maximum LCG value, which compensated for the slight increase in
the minimum LCG value. Under the TOPSIS method, the shrinking gap was due to a parallel
moderate decline in both minimum and maximum LCG values.

At the country level (Figure 5), the detailed results indicate that within 2008-2017 the LCG
definitely shrank in ten assessed MS: the United Kingdom, Belgium, Luxembourg, Germany, Poland,
Latvia, Hungary, Romania, Bulgaria, and Malta. The LCG cutback was particularly important for
Latvia, Romania, and Bulgaria, which countries ended up in the group of the largest LCG both in 2007
and 2018. This means that although the LCG remained a significant challenge for those countries,
some improvements took place between 2008 and 2017. With regard to the other MS in this group,
it is worth also noting the substantial improvement of LCG in Germany, which made it up from the
third (high LCG) and even the fourth (very high LCG) quartile in 2008 to the second (moderate LCG)
quartile in 2017.

2008-2017 living cost gap (LCG) change, by EU MS
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LCG increase (SAW and TOPSIS values increase) é
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Figure 5. Change of LCG (2008-2017) across the EU MS. Map labels with Roman style numerals display
SAW and TOPSIS quartile values for 2008 in the left and for 2017 at the right side of the hyphen (-).
Quartile I-means the lowest LCG while quartile IV means the highest LCG. Red arrows A show increase
and green arrowsY show decrease of both SAW and TOPSIS values (LCG) in 2017 compared to 2008.
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At the other end, i.e., the group of MS where the LCG clearly expanded over the period 2008-2017,
landed Greece, Italy, and Spain, the countries that were hit maybe the most by the financial and
economic crisis in 2008-2009. The LCG values from Figures 2 and 3 suggest that the LCG expansion
was the most pronounced in Spain, which shifted from the second (moderate LCG) quartile in 2008
to the third (high LCG) and the even fourth (very high LCG) quartile in 2017. Spain was followed
by Greece that descended from the third (high LCG) quartile in 2008 to the fourth (very high LCG)
quartile in 2017. Amongst those three MS, Italy was the least affected by the downward trend in LCG,
because the LCG levels were relatively low in both 2008 and 2017 and hence, in 2017 the country firmly
landed in the second (moderate LCG) quartile.

4.4. The LCG Roots

The calculations showed that the objective criteria importance did not change much over the
years, considering that input data distributions remained uniform/constant (Table A3). The indicator
on household savings turned out to be the most important one (g; = 0.036) for LCG (Table A3) during
the period 2008-2017. This is because household savings criterion values were the most scattered [66]
compared to the other criteria values included in the LCG assessment.

During the 2008-2011 period, the immigration criterion was equally important (g; = 0.036) as
household saving. The importance of immigration in that period was higher compared to the one
in the following period 2011-2017. The objective function on immigration was set to minimisation,
i.e., we looked for the MS with the lowest immigration rates. The reasoning of this objective function
suggested (Table A2) that the economic situation in MS (to host the migrants) was tough and migrants
(especially the economic ones) could not earn decent income and savings (Table A2). The high initial
importance of that criteria could be possibly explained by the financial and economic crisis of 2008-2009
and the following recovery in the MS, which had little to offer to the migrants, especially to the
economic ones. Consequently, the criterion indicated higher LCG, but it did not explain the driving
reasons behind.

Indicators of relatively lower importance (medium scattering) were revealed: net household
income, GDP, remittances, migration (except, as already explained, the migration in the
initial period 2008-2011), imports, and optional household expenses on education, restaurants,
and miscellaneous goods.

Least important (least scattered) criteria were identified: exports, low work intensity, risk of
income poverty, unemployment, tenure status, and household expenditure on other needs (besides
education, restaurants, and miscellaneous goods) Table A3.

In order to comprehensively address the LCG, we introduced all indicators (Table A3) and their
importance into multi-criteria analyses.

4.5. LCG Drivers

We did not aim to measure income inequality [67], poverty [68,69], the households” quality of
life [70], or other phenomenon describing social and economic well-being [71] across the MS. The goal
of the composite multidimensional LCG indicator was to identify core criteria impacting living cost
gap across the MS. This indicator shows how large/small the living cost gap is (distance wise), but it
does not explain how good or bad the living cost situation is.

Following our results, SAW and TOPSIS outcomes suggested that ranking results (Tables A4 and A5)
were ambiguous and inconclusive for the second and third quartiles (Figure 5). The correlation
between CAGRs of SAW and TOPSIS values was moderate (r = 0.72) and thus, it could be considered
as moderately reliable for the highest (fourth quartile) and lowest (first quartile) ranks (Figure 5) where
both methods had shown the same results.
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In order to understand how criteria changes were relating with LCG change across MS, we analysed
the relationship between CAGR [56] of each indicator with CAGRs of SAW (Table A4) and TOPSIS
(Table A5). The CAGR is defined as:

V(tn) )tn—to 1 )

CAGR (to,tn) = (V(t())

where V(tg) is the initial value, V(t,) is the end value, and t,—t( is the number of years. The actual
values have been used for calculations.

The value of r (Pearson correlation index) lies between (—1) and (1), inclusive (Figure 6). That is,
-1 <r < 1. If r took positive value, the variables were positively correlated. If ¥ took negative value,
the variables were negatively correlated. If r took the value 0, then there was no relationship between
the CAGRs of indicators and CAGRs of SAW and TOPSIS (LCG). In our study, we used interpretation of
r as: 0—no association; 0 to 0.25 (0 to —0.25)—weak association; 0.25 to 0.50 (—0.25 to —0.50)—moderate
association; 0.50-0.75 (—-0.50 to —0.75)—strong association; 0.75 to 1.00 (—=0.75 to —1.00)—very strong
association; and 1 (—1)—perfect association [72].

Unemployment rate, aged 15-74 - o>
Housing cost overburden rate | <—0
Food and non-alcoholic beverages { O—0O
Households with very low work intensity - o>
Housing, water, electricity, gas and other fuels <>—0
Alcoholic beverages, tobacco and narcotics - o>
Tenants, 18 yo and older | o
People at risk of poverty rate | >0
Exports of goods and services - <>—0
Emmigration 1 <0
Communications | >——O
Gross household saving rate | 0=
Imports of goods and services <O
Education - o=<>
Transport o0—= ©SAW
Restaurants and hotels | o0—< oTOPSIS
Health -
Miscellaneous goods and services -
Recreation and culture
Home owners, 18 yo and older
Remittance inflows |
Remittance outflows |
Immigration -
Clothing and footwear
Annual net eamings of marmied couple, with no children
Annual net eamings of single person without children |
Fumishings, household equipment and household maintenance {
Annual net eamings of marmried couple, with two children |
Gross domestic product (GDP) at market prices |

azggggl

Pésgg]

-1.00 075 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

Figure 6. Pearson correlation values between CAGR of each indicator and CAGRs of SAW (Table A4) and
TOPSIS (Table A5), across all MS (Table A6). Black lines illustrate distances between correlation values.

The relationship (Pearson correlation coefficient) between SAW and TOPSIS CAGRs values was
strong (r = 0.72) which re-confirmed the that both methods showed the same trends (not perfect,
but reliable) of LCG across MS. Pearson correlation coefficients also revealed the relationship between
CAGRs of SAW and TOPSIS with CAGRs of all criteria (Figure 6). Negative coefficient values meant
opposite trends, i.e., increased values in one array and decreased in another one. Positive values
indicated parallel trends, i.e., the values in either arrays increased or decreased at the same time.
Simultaneous growth of SAW and TOPSIS values predisposed escalating LCG.

The correlation analyses (Figure 6) of CAGRs revealed that CAGR of LCG grew when CAGRs of
the following indicators across MS rose:
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e  With strong positive relationship: unemployment and low work intensity;

e  With moderate positive relationship: housing cost overburden and basic household expenditures,
i.e., food, housing;

e  With weak positive relationship: house tenants, risk of income poverty, exports, and optional
household expenditures (alcoholic beverages, tobacco).

The correlation analyses of CAGR s revealed that CAGR of LCG expanded when CAGRs of
following indicators across all MS decreased:

e  With strong negative relationship: GDP (in line with [66]), all types of net household earnings,
household expenditure on optional needs (furnishing and clothing);

e  With moderate negative relationship: immigration, remittance flows, home ownership, optional
household expenditures (recreation and miscellaneous);

e  With weak negative relationship: household savings, imports, optional household expenditures
(communications, education, transport, restaurants, and health).

Household income and expenditures constantly increased across the large majority of MS within
2008-2017. There was, however, a strong negative relationship (correlation) between LCG and
household income. In order to shrink LCG (in the countries where TOPSIS and SAW values were
the highest) it is necessary to focus on balancing “income and wealth effects” [66,73,74], increasing
household saving rate and directing savings to support household basic needs rather than onto
acquisition of financial and/or non-financial assets, i.e., converting them into “investment vehicles” [75].

4.6. LCG and Housing

The notion “Housing” can be defined as differential amongst tenure type, housing cost/affordability,
crowding, and quality [7,76,77]. Our study shows that the largest expenditure of the average households
was on housing and amounted to more than 20% of the net household income during the period
2008-2017 (Table Al). More specifically, the average net household expenditures on housing was
~21.0% in 2008 and ~21.8% in 2017 (with the highest peak of 22.7% in 2013) across the MS. The highest
(in the range of 25-30%) average household expenditure on housing was observed in Czechia, Denmark,
France, Slovakia, Finland, Sweden, and the United Kingdom. At the other end, the lowest (in the range
of 10-20%) average household expenditure on housing was recorded in Bulgaria, Estonia, Croatia,
Cyprus, Lithuania, Malta, Portugal, and Slovenia. The largest decrease (CAGR 2008-2017) in household
expenditures on housing occurred in Malta, Cyprus, Hungary, and Germany, while an increase was
registered for Finland, Portugal, Netherlands, Bulgaria, Spain, and Luxembourg (Table A6).

The CAGR of household expenditure on housing (2008-2017) tended to slightly increase in parallel
with the rise in CAGR of unemployment, low work intensity, risk of income poverty, housing cost
overburden, home rentals, savings, food, health, and remittance inflows. The CAGR of household
expenditure on housing tended to decrease with the growth in CAGR of household expenditure on
optional needs (except health), transport, net income, home ownership, trade, migration, and GDP
remittance outflows (Table A6).

Based on the above findings, we can conclude that household expenditure on housing increased
when household expenditure on other basic needs also grew, while household expenditure on housing
shrunk when household income and expenditure on optional needs grew. In the MS where household
net income was higher (e.g., Luxembourg, the Netherlands, Germany Sweden, the United Kingdom,
Denmark, Belgium), the rest of household expenses (after expenses on housing) were dedicated to
optional needs and savings. In the MS where household net income was lower (e.g., Lithuania, Bulgaria,
Romania, Latvia, Hungary, Poland, Croatia, Czechia, Estonia), the rest of household expenses were
dedicated to basic needs without (e.g., in the case of Lithuania, Latvia, Bulgaria,) or with minimum
savings (Table A6).
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Ultimately, the CAGR of housing cost overburden rate had a positive moderate (SAW) to
strong (TOPSIS) relationship (Table A6) with CAGR of SAW and TOPSIS values (LCG indicator).
This is a logical conclusion that re-confirms the reliability of the so-obtained LCG ranking results.
When confronted with housing cost overburden, households can adapt by reducing their housing
consumption via accepting smaller space and lower quality standards [7,78].

5. Conclusions

The LCG describes the difference between the income that households earn and what they need
to live. Household net income slowly but constantly increased in the majority of MS within 2008-2017.
In most cases, the household expenditures also increased and hence, the relatively scattered household
savings did not change significantly during the same period of time.

LCG was more prevalent in those MS where households were exposed to higher levels of
unemployment, low work intensity, higher housing cost overburden, and higher expenditures on basic
needs. Our research highlights the needs to mitigate unemployment and low household net income to
narrow LCG across the MS.

Increasing household expenditures on basic needs (food, housing, and transport) in households
with lower net income brought rise in LCG. The highest LCGs were found in those MS where household
incomes were the lowest. The LCG was lower in those MS where GDP, immigration, household income,
and household expenditure on optional needs and home ownership were higher.

Income and expenses constantly increased across all MS from 2008-2017. There was, however,
a moderate relationship between LCG and household income.

In order to narrow LCG in those countries where LCG were the highest, it is necessary to
significantly increase household income and income options, while at the same time look for reserves
to boost household savings. Poorer households cannot, however, benefit much from negligible income
growths due to the parallel rise in living costs.

Conversely, in order to maintain low or even decreasing LCG, it might be useful to upkeep
constant growth of household net income and household savings.

The elaborated methodology might be applied to mitigating LCG by employing also other
social-economic criteria at different spatial-temporal scales. Further research might include more
high-resolution data to refine the LCG estimates at higher spatial scale such as: cities, towns, suburbs,
and even-rural areas.
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Appendix A
Table A1l. Eurostat and World Bank data (2008-2017) metadata.
No. Indicator/Criterion Name ! Unit of Measure Brief Description
1. Food and non-alcoholic beverages
2. Alcoholic beverages, tobacco, and narcotics
3. Clothing and footwear
4. Housing, water, electricity, gas, and other fuels
5. Furnishings, household equipment and Household expenditure refers to any spending done by a person living alone or by a group of
routine household maintenance people living together in shared accommodation and with common domestic expenses.
6. Health Percentage of total household It includes expenditure incurred on the domestic territory (by residents and non-residents) for
expenditure the direct satisfaction of individual needs and covers the purchase of goods and services,
7. Transport the consumption of own production (such as garden produce) and the imputed rent of
8. Communications owner-occupied dwellings [41].
9. Recreation and culture
10. Education
11. Restaurants and hotels
12. Miscellaneous goods and services
The gross saving rate of households (including Non-Profit Institutions Serving Households) is
. . defined as gross saving divided by gross disposable income, with the latter being adjusted for
13. Household savings Saving percentage per household the change in the net equity of households in pension funds reserves. Gross saving is the part of
the gross disposable income which is not spent as final consumption expenditure [42].
14. Annual net earning; .(ifisingle person without Total EUR per capita Information on net earnings (net pay taken home, in absolute figures) and related tax-benefit
chiidren rates (in%) complements gross-earnings data with respect to disposable earnings. The transition
15 Annual net earnings of married couple with from gross to net earnings requires the deduction of income taxes and employee’s social security
' no children Total EUR per household contributions from the gross amounts and the addition of family allowances, if appropriate [43].
Annual net earnings of married couple with
16. .
two children
Percentage of the population living in a household where total housing costs (net of housing
17. Housing cost overburden rate Percentage of total population allowances) represent more than 40% of the total disposable household income (net of housing
allowances) [44].
18. Tenants, 18 yo and older Percentage of total population Distribution of population by a broad groupdof c1tlze£1§h1p and tenure status (population aged 18
19. Homeowners, 18 yo and older and over) [4].
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Table Al. Cont.

No. Indicator/Criterion Name ! Unit of Measure Brief Description
The indicator is calculated as the ratio of real GDP to the average population of a specific year.
GDP measures the value of total final output of goods and services produced by an economy
within a certain period of time. It includes goods and services that have markets (or which could
Gross domestic product (GDP) at market . have markets) and products which are produced by general government and non-profit
21. . Total EUR per capita e - . - .
prices institutions. It is a measure of economic activity and is also used as a proxy for the development
in a country’s material living standards. However, it is a limited measure of economic welfare.
For example, GDP does not include most unpaid household work nor does GDP take account of
negative effects of economic activity, like environmental degradation [47].
People living in households with very low work intensity are people aged 0-59 living in
22. Households with very low work intensity Percentage of total population households where the adults work 20% or less of their total work potential during the past year
[48].
People at risk-of-poverty are persons with an equivalised disposable income below the
23. People at risk of poverty rate Percentage of total population risk-of-poverty threshold, which is set at 60% of the national median equivalised disposable
income (after social transfers). The indicator is part of the multidimensional poverty index [49].
24. Remittance inflows ! Total USD per capita World Bank staff calculation based on data from IMF Balance of Payments Statistics database and
p p data releases from central banks, national statistical agencies, and World Bank country desks [54].
25. Remittance outflows !
2%. Emigration b . Total number of long-term emigrants leaving from the reporting country during the reference
ercentage of total population year [50].
27 Immigration Total number of long-term immigrants arriving into the reporting country during the reference
year [51].
28. Exports of goods and services b This indicator is the value of exports of goods and services divided by the GDP in current prices
ercentage of GDP [52].
29, Imports of goods and services This indicator is the value of imports of goods[z;r;? services divided by the GDP in current prices
The unemployment rate is the number of unemployed persons as a percentage of the labour
force based on International Labour Office (ILO) definition. The labour force is the total number
20. Unemployment rate, aged 15-74 Percentage of active population of people employed and unemployed. Unemployed persons comprise persons aged 15 to 74

who are without work during the reference week, are available to start work within the next two
weeks, and have been actively seeking work in the past four weeks or had already found a job to
start within the next three months [46].

1 World Bank data.
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Criterion No. !

Objective Function Group

Objective Function (Focusing on Highest LCG) Explanation

Objective Function Defined

T B 0N U A WN e

_ =
w N

—_
=

15

16

17

18

19

20

21
22
23

24

25
26
27

28

29

ii. Adjacent-Micro-Local-Individual
iii. Adjacent-Micro-Local-Individual
iii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual
iii. Adjacent-Micro-Local-Individual
iii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual
ii. Adjacent-Micro-Local-Individual

[T T T

i. Adjacent-Micro-Local-Individual

i. Adjacent-Micro-Local-Individual

i. Adjacent-Micro-Local-Individual

i. Adjacent-Micro-Local-Individual
v. Neighboring-Mezo-National-External
v. Neighboring-Mezo-National-External
v. Neighboring-Mezo-National-External
iv. Neighboring-Mezo-National-External

iv. Neighboring-Mezo-National-External
iv. Neighboring-Mezo-National-External

iv. Neighboring-Mezo-National-External
vi. Distant-Macro-International-External

vi. Distant-Macro-International-External
vi. Distant-Macro-International-External

vi. Distant-Macro-International-External
vi. Distant-Macro-International-External

vi. Distant-Macro-International-External

Household expenditure on food (basic needs) is the highest.
Household expenditure on alcoholic beverages (optional needs) is the lowest.
Household expenditure on clothing (optional needs) is the lowest.
Household expenditure on housing (basic needs) is the highest.
Household expenditure on furniture (optional needs) is the lowest.
Household expenditure on health (optional needs) is the lowest.
Household expenditure on transport (basic needs) is the highest.
Household expenditure on communications (optional needs) is the lowest.
Household expenditure on recreation (optional needs) is the lowest.
Household expenditure on education (optional needs) is the lowest.
Household expenditure on restaurants (optional needs) is the lowest.
Household expenditure on miscellaneous goods (optional needs) is the lowest.
Household savings are the lowest. Smallest savings means that most of income is spent on basic needs. This is
the major driver of economic emigration.
Single person income is the smallest. Smallest net income means that less money for optional expenditures and
savings.
Family without children income is the smallest. Smallest net income means that less money for optional
expenditures and savings.
Family with children income is the smallest. Smallest net income means that less money for optional
expenditures and savings.
Household cost overburden rate is highest. Means that less money households can allocate for optional
expenditures and savings.
Tenant ratio is the highest. Means competition for the housing is higher. It also means that less money
households can allocate for optional expenditures and savings.
Homeowner ratio is the smallest. Means competition for the housing is smaller. It also means that more money
households can allocate for optional expenditures and savings.
Unemployment rate is the highest. Means that competition for workplaces is high. It also means that household
receive less income and have to allocate larger share of income for basic needs.
GDP is lowest. Low GDP show low country economic performance. It means that more money households
have to spend on basic needs.
The low work intensity is the highest. It also means lower income for the households.
The highest number of population within the income poverty. It means that largest share of household income
is allocated only for the basic needs.
The remittance inflows are highest. It also shows that economic and employment situation in the country is
tough because incoming remittances are used to support basic local household needs.
The remittance outflows are lowest. It also shows that economic and employment situation in the country is
tough because the low outgoing remittances show that there is no possibility to earn decent savings.

The emigration is the highest. It shows that most of household income share are allocated for the basic needs.
The immigration is the lowest. It shows that economic situation in country is tough and immigrants (especially
economic ones) cannot earn decent income and savings.

The export is the lowest. No production, no export of goods, no import of money. It also means that households
in such country have to allocate more money for basic needs because of lower income.

The import is the highest. No production, so import of goods and export of money. It also means that
households in such country have to allocate more money for basic needs because of lower income.

MAX
MIN
MIN
MAX
MIN
MIN
MAX
MIN
MIN
MIN
MIN
MIN

MIN

MIN

MIN

MIN

MAX

MAX

MIN

MAX

MIN
MAX
MAX

MAX

MIN
MAX
MIN

MIN

MAX

1 Table A1.
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Criterion No. Year Objective Function
(Table A 5008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Applied !
1 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MAX
2 0.034 0.034 0.034 0.034 0.034 0.034 0034 0.034 0.034 0.034 MIN
3 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MIN
4 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MAX
5 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MIN
6 0.035 0.035 0.034 0.035 0.034 0.034 0.034 0.034 0.034 0.034 MIN
7 0.034 0.034 0.034 0.034 0.034 0.034 0034 0.034 0.034 0.034 MAX
8 0.034 0.034 0.034 0.034 0.034 0.034 0034 0.034 0.034 0.034 MIN
9 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MIN
10 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MIN
11 0.035 0.034 0.035 0.035 0.035 0.035 0.035 0.034 0.035 0.035 MIN
12 0.035 0.035 0.034 0.034 0.034 0.034 0.034 0.035 0.035 0.035 MIN
13 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 0.036 MIN
14 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MIN
15 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MIN
16 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MIN
17 0.034 0.035 0.034 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MAX
18 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MAX
19 0.034 0.034 0.034 0.034 0.034 0.034 0034 0.034 0.034 0.034 MIN
20 0.034 0.034 0.034 0.034 0.035 0.035 0.035 0.035 0.035 0.035 MAX
21 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MIN
22 0.034 0.034 0.034 0.035 0.034 0.034 0034 0.034 0.034 0.034 MAX
23 0.034 0.034 0.034 0.034 0034 0.034 0034 0.034 0.034 0.034 MAX
24 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MAX
25 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MIN
26 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MAX
27 0.036 0.036 0.036 0.036 0.035 0.035 0.035 0.035 0.035 0.035 MIN
28 0.034 0.034 0.034 0.034 0.034 0.034 0034 0.034 0.034 0.034 MIN
29 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 MAX
1 Kendall’s concordance coefficient W = 0.001 in all cases.
Table A4. SAW results and compound annual growth rates (CAGR) (2008-2017).
MS Year CAGR
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Belgium 0.455 0.428 0.410 0.415 0.410 0.410 0.411 0.414 0.423 0.426 -0.725
Bulgaria 0.563 0.535 0.562 0.569 0.550 0.544 0.543 0.548 0.552 0.550 -0.256
Czechia 0.409 0.398 0.406 0.404 0.409 0.422 0.428 0.430 0.427 0.428 0.521
Denmark 0.419 0.421 0.430 0.419 0.413 0.421 0.422 0.422 0.430 0.437 0.466
Germany 0.452 0.425 0.422 0.419 0.412 0.414 0.415 0.416 0.428 0.431 —-0.532
Estonia 0.404 0.414 0.437 0.438 0.440 0.435 0.435 0.429 0.431 0.432 0.770
Ireland 0.381 0.383 0.399 0.418 0.411 0.401 0.402 0.396 0.404 0.402 0.590
Greece 0.438 0.414 0.429 0.468 0.497  0.503 0.508 0.513 0.521 0.524 2.004
Spain 0.424 0.416 0.437 0.449 0.458 0473 0.475 0.473 0.471 0.473 1.231
France 0.428 0.414 0.424 0.423 0.425 0.428 0.428 0.433 0.440 0.447 0.464
Croatia 0.445 0.424 0.434 0.424 0.438  0.441 0.449 0.452 0.452 0.457 0.302
Italy 0.402 0.383 0.393 0.391 0.396  0.406 0.412 0.413 0.426 0.430 0.748
Cyprus 0.370 0.352 0.364 0.360 0.394  0.402 0.402 0.398 0.398 0.403 0.979
Latvia 0.481 0.495 0.505 0.506 0.493 0478 0.467 0.465 0.469 0.470 —0.268
Lithuania 0.479 0.482 0.525 0.518 0.486  0.485 0.477 0.488 0.490 0.490 0.275
Luxembourg 0.444 0.430 0.426 0.430 0.428 0.429 0.433 0.435 0.441 0.453 0.220
Hungary 0.451 0.428 0.434 0.439 0.446  0.450 0.442 0.433 0.432 0.431 -0.501
Malta 0.381 0.376 0.375 0.373 0.362  0.368 0.365 0.368 0.373 0.369 -0.372
Netherlands 0.386 0.377 0.385 0.386 0.381 0.386 0.388 0.392 0.391 0.394 0.219
Austria 0.390 0.379 0.385 0.393 0.385 0.387 0.386 0.387 0.395 0.402 0.358
Poland 0.482 0.464 0.455 0.451 0.442  0.442 0.440 0.445 0.447 0.437 -1.095
Portugal 0.417 0.393 0.405 0.410 0.440 0447 0453 0.453 0.450 0.448 0.790
Romania 0.658 0.633 0.600 0.607 0.612  0.580 0.582 0.581 0.585 0.578 -1.421
Slovenia 0.377 0.369 0.377 0.379 0.383  0.395 0.397 0.403 0.408 0.410 0.939
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MS Year CAGR
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Slovakia 0.419 0.403 0.418 0.418 0.439 0.446  0.445 0.447 0.450 0.451 0.824
Finland 0.386 0.377 0.384 0.385 0.387  0.393 0.401 0.409 0.417 0.422 0.987
Sweden 0.425 0.417 0.419 0.421 0411 0416 0.414 0.418 0.424 0.429 0.112
United Kingdom  0.446 0.430 0.433 0.427 0417 0421 0.423 0.423 0.432 0.433 -0.323
Table A5. TOPSIS results and CAGR (2008-2017).
MS Year CAGR
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Belgium 0.558 0.551 0.548 0.559 0.552 0.539 0.535 0.536 0.541 0.548 -0.216
Bulgaria 0.588 0.567 0.570 0.582 0.581 0.569 0.561 0.568 0.572 0.578 -0.206
Czechia 0.557 0.545 0.554 0.562 0.550 0.538 0.533 0.536 0.534 0.541 -0.327
Denmark 0.535 0.530 0.532 0.536 0.529 0.517 0.515 0.510 0.512 0.522 -0.275
Germany 0.552 0.538 0.534 0.539 0.527 0513 0.506 0.502 0.511 0.517 -0.718
Estonia 0.567 0.555 0.571 0.581 0.569 0.553 0.542 0.540 0.541 0.541 -0.514
Ireland 0.494 0.490 0.499 0.519 0.504 0.491 0.485 0.475 0.474 0.477 -0.409
Greece 0.557 0.541 0.544 0.575 0.589 0.586  0.591 0.598 0.593 0.599 0.822
Spain 0.539 0.537 0.546 0.556 0.556 0.549 0.542 0.542 0.540 0.546 0.140
France 0.542 0.531 0.538 0.544 0.531 0.519 0.515 0.521 0.522 0.529 -0.265
Croatia 0.585 0.572 0.572 0.575 0.564 0.553 0.549 0.555 0.555 0.563 -0.413
Italy 0.531 0.520 0.526 0.536 0.530 0519 0.515 0.520 0.525 0.531 0.012
Cyprus 0.527 0.480 0.502 0.501 0.529 0539 0.535 0.519 0.512 0.514 -0.274
Latvia 0.622 0.607 0.621 0.628 0.613 0591 0.577 0.577 0.571 0.576 —-0.853
Lithuania 0.606 0.593 0.631 0.630 0.599 0588 0.577 0.578 0.576 0.583 -0.426
Luxembourg 0.413 0.417 0.407 0.403 0.400 039  0.397 0.404 0411 0.413 —-0.025
Hungary 0.569 0.553 0.558 0.572 0.568 0.553  0.541 0.537 0.535 0.543 -0.519
Malta 0.541 0.514 0.527 0.531 0.503 0487 0.475 0.480 0.482 0.474 -1.463
Netherlands 0.515 0.505 0.513 0.519 0.510 0502 0.496 0.498 0.488 0.494 —-0.459
Austria 0.529 0.518 0.522 0.528 0.511 0499 0.492 0.491 0.496 0.507 -0.462
Poland 0.587 0.572 0.572 0.582 0.569 0554 0.547 0.545 0.541 0.543 —0.855
Portugal 0.565 0.543 0.550 0.565 0.561 0552  0.548 0.550 0.546 0.549 -0.324
Romania 0.609 0.584 0.573 0.571 0.569 0561 0.557 0.559 0.558 0.565 —0.842
Slovenia 0.533 0.524 0.543 0.552 0.540 0529 0.525 0.527 0.527 0.532 -0.012
Slovakia 0.568 0.558 0.560 0.570 0.559 0545 0.541 0.543 0.541 0.546 -0.428
Finland 0.528 0.516 0.522 0.528 0.517 0505 0.504 0.509 0.510 0.517 -0.225
Sweden 0.541 0.531 0.528 0.533 0.515 0501 0.495 0.500 0.494 0.503 —-0.787
United Kingdom  0.537 0.523 0.521 0.531 0.510 0500 0.495 0.492 0.498 0.507 -0.639
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Table A6. CAGR (2008-2017) of each indicator, by EU MS. Pearson correlation coefficients R1 and R2 show relationship between CAGR of each criterion with CAGR of

SAW (Table A4) and TOPSIS (Table A5), by MS.
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Criterion Number (Table A1)

Ms
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Belgium 0518 0557 0464 0723 0.000 1.048 -1223 -0962 -1.389 0.000 1.317 -0983 -4.414 1672 1688 1620 -3466 -0.735 0235 0371 0521 1.603 0876 -0.656 0497 3.790 -1582 0.191 0.097
Bulgaria -0.671 -3.249 -0.341 1332 -2.873 4889 -1413 -1.300 -0.141 3.602 2347 1918 0.000 6.342 6.342 5562 3982 3.026 -0461 1663 2305 3563 0998 2204 2959 14423 13.368 2798 -1518
Czechia 1231 1178 -0296 0.044 -0.805 -1.300 0.336 —2.205 -1.381 -3.670 1.896 -1.739 -1.986 2442 2442 2428 -4200 -0.940 0254 -4405 1.214 -2948 0.123 13369 -2739 -7.031 -8.086 2.611 1.872
Denmark 0.195 -0.616 -0.782 0.897 -0.411 0405 -0.633 -0.541 -0.188 1.495 0955 -1.258 11.441 1550 1550 1533 -0.945 0961 -0.565 6.800 0397 1.822 0.553 2265 -3.495 3.815 1455 0.183 -0.583
Germany -0.103 -0.341 -0.903 -0.677 0.526 0.893 0332 -2162 0.518 1.317 0.859 0359 0213 2405 2405 2373 0.000 0278 -0257 -7.710 1.023 -3.238 0.641 4787 4176 -3.045 3.301 0.882 0.744
Estonia 0112 0720 0170 0434 -1215 1495 -1.088 -4546 0.268 -5.088 2716 -1.041 4914 5234 5234 5355 3248 3.083 -0.582 1372 1.490 1.007 0.827 3.825 5119 12356 19.264 1544 0.266
Ireland -0.364 -1.393 -1.331 0.634 -3.634 4272 0433 -2362 -1565 0455 2684 -2273 0258 0.515 0.515 0.389 3.506 1.798 -0.444 0.812 3.852 1880 0.071 -1.057 -6.282 -1.099 -1.341 4125 3.057
Greece 1259 2281 -3711 0697 -7.038 -0.962 -1.300 2255 -0.239 -1473 2.076 -1.283 0.000 -1.945 -1922 -2.790 6.642 1539 -0.390 13.234 -2.838 8478 0.055 -21.135 -7.972 10.548 6.300 3.894 —0.633
Spain -0.267 0.000 -1594 1.126 -1.117 1495 0272 -0.851 -0576 2334 -0.294 -0.885 -3.578 0.868 0.868 0.859 0.464 2527 -0.460 5496 0.096 7.637 0971 0766 -8.885 2.558 —1.512 3.602 0.431
France 0.514 0944 -1.364 0.748 -0.658 0.000 -0.242 -3.146 -1.192 2510 1298 -0.692 -0.803 1.165 1.165 1159 1956 -0.618 0.321 3201 0371 -0917 0.607 1.924 -0.280 2500 2000 1.025 0.949
Croatia -0.234 0.879 -1.698 0400 -0.942 -1.029 -1.784 0572 0676 4.043 1561 -0.851 5464 1.311 1.311 1.853 -9.399 -2.449 0245 3495 0.087 -1439 -0.328 2495 1879 18536 -0.496 3.590 0.650
Italy -0.155 0.000 -0.885 0.922 -1.021 1.001 -0.516 -1.698 -0.326 1.178 1.386 -0.835 -3.392 1.034 1.034 1.030 -0.135 -0.794 0.229 6.294 -0.700 1413 0797 2879 -5.056 7.106 -5.143 1.516 0.120
Cyprus -0.274 0.603 -1.034 -1.081 -1.966 2350 -1509 -1577 0.526 3.117 2644 0.129 0625 0.001 0.001 0.001 5032 0.000 0.000 13771 -0.723 8529 -0.141 -11.375 -1.918 13.258 -0.936 4271 1.748
Latvia -0.715 0461 0212 -0.897 0572 2761 0.095 -1.125 0464 0.000 159 0495 -10.140 4.042 4.042 4235 -2543 4343 -0713 1.798 1.635 4.170 -1.747 -3.284 -6.488 -3.340 10.126 5.156 1.887
Lithuania -1372 -0.358 -1.381 0.074 2426 -0.249 -1.164 2716 2270 -2.005 3.347 1584 12558 4.398 4.398 4.368 4.135 1873 -0.170 3.133 2585 5289 1021 -0.708 -0.600 8.590 10.576 2861 0.398
Luxembourg 0365 -0.398 0.650 1.101 -1.300 5963 -2.030 -0.764 -0.178 0.000 0.153 0.000 2032 1694 1.677 1540 11.681 -1431 0.233 2334 0.091 4359 3772 -1.522 -1.070 1331 1.312 1.692 1730
Hungary 0504 0.149 1928 -0913 -0.685 1.118 -1.272 -0.304 -1.195 2.181 3.602 -0247 3.161 4478 4478 4806 -0.893 4161 -0.541 -6.974 1429 —6.427 0865 7.299 -6.034 17.465 7.098 1.048 0.140
Malta -2.139 -0.541 -1.117 -1527 -1.513 -0.841 -0.449 -0.885 -0.328 3.946 4409 0206 0.000 2478 2478 2774 -9.087 -2.194 0558 -4.742 3.063 -2.107 0978 -2596 -4.340 5.881 13.709 0.045 -1.660
Netherlands 1123  1.100 0208 1.603 -0.751 2510 -1.145 -3.440 -1251 0.000 1.861 -2244 3749 1755 1.755 1.821 —4.099 -0.587 0304 4751 0254 1649 2575 3205 -1.675 1605 2.683 1.998 1.898
Austria -0.224 -0.671 -0.376 0.723 -0.164 0587 -1.037 -2.100 0.000 1317 1.434 -0.749 -3221 2256 2256 2131 -1980 0.513 -0328 4.144 0246 1283 -0.599 -1.268 5201 2186 4.09 0.166 0.425
Poland -1.744 -2486 2618 -0.211 2563 4307 0557 -3.262 0572 -2.005 2.832 0.086 -1979 4.298 4.298 5.016 —4.028 -7.379 2280 -3.781 3.190 -3.696 -1.316 -4.539 16.633 24.672 33.814 4.076 1.761
Portugal 0477 0365 0.181 1932 -2449 0.662 -0955 -2.449 -1.809 0.000 2644 -2490 -0.702 0.696 0.696 0775 -1.391 0.139 -0.044 0729 0249 2690 -0.121 0.703 0.052 5337 2620 3.511 0.243
Romania -0.617 2046 1994 0350 0.812 5778 -3755 7.120 2732 -3.886 -5252 0.587 0.000 6.009 6.009 5978 4772 0.770 -0.023 -1.079 2.385 -2.291 0.000 11450 9.526 -1916 3.319 5243 1.247
Slovenia -0.077 0220 0.000 0294 -1.666 0918 0412 -1473 -1.032 0.000 0.759 0.113 -2295 1.644 1.644 1.797 1873 2453 -0.527 5903 0.138 -0.858 0.872 2256 -5897 3.897 5583 2555 0.924
Slovakia 0.676 1728 -1506 -0.787 -0.872 3.717 0.337 -1300 0.810 1495 -1.238 0.904 2514 2427 2427 2342 4608 -0.811 0.086 -1.677 1.933 0420 1443 0469 8585 8.070 -2.299 1926 1410
Finland -0.554 -0.700 -1.473 2110 -1.531 0971 -0.900 -0.885 -1.758 0.000 0.000 0.000 -0.595 1.396 1.396 1.324 -0983 1.053 -0.398 4.207 -0.320 4.027 -1.846 -2475 2614 2018 0564 -1.923 -1.037
Sweden 0179 -0.322 -0.730 -0.386 0.187 0353 0.090 1.137 -0488 0.000 1.337 0.101 2423 3244 3244 3161 -1919 -0570 0283 2676 0917 2575 1.763 —4.426 2728 -0.858 3.064 -1.134 -0.703
Ktiil;;e(;dm -0.281 -1.300 0437 -0.042 0495 3451 -0406 -1228 0305 5361 0234 -0.832 -5363 2059 2059 2012 -2993 1958 -0.755 -2.174 0.534 -0.325 -1.053 -4.116 -2301 -2.623 0.227 1327 0.920
R1 (SAW) 0428 0306 -0.749 0329 -0.666 -0.397 0.210 -0.204 -0.347 0.002 0.154 -0.341 0.119 -0.681 -0.681 -0.714 0.471 0240 -0.346 0.685 -0.611 0.614 0.067 -0.412 -0.480 -0.006 -0.398 -0.010 -0.080
R2 (TOPSIS) 0577 0243 -0.471 0.548 -0.612 -0.127 -0.080 0.022 -0.278 -0.070 -0.082 -0.253 0.021 -0.564 -0.563 -0.631 0.591 0234 -0.288 0.656 -0.716 0.555 0.157 -0.325 -0.397 0.080 -0.401 0.124 -0.045
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Figure A1l. Interface of multiple criteria spatial decision support system (MC-SDSS extension for ESRI
inc. ArcGIS Desktop [55]) within ArcMap environment.
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Figure A2. Unified Modelling Language [57] based activity diagram describing workflow processes

that implement objective and subjective criteria weighting, criteria normalization, data concordance,
and MCDM (SAW and TOPSIS) techniques within GIS (ArcGIS Desktop) environment (MC-SDSS
extension for ESRI inc. ArcGIS Desktop [55]).
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