C/O P|E

Member since 2018
JM13710

EUROPEAN SPATIAL RESEARCH AND POLICY

Volume 30 2023 Number 1
https://doi.org/10.18778/1231-1952.30.1.01

ARTICLES

Dimitrios KANTIANIS (2", Serafeim POLYZOS ()™, Dimitrios TSIOTAS (™"

MODELLING THE REGIONAL VARIABILITY OF BUILDING
ACTIVITY IN GREECE: AMULTI-LEVEL MULTINOMIAL
LOGISTIC REGRESSION APPROACH

Abstract. This paper studies spatial differences in the fluctuations of the regional building activity
in Greece, by developing a composite multinomial logistic regression model expressing the building
activity’s variability in socio-economic terms. The results show that the variability in building ac-
tivity is related to economies of scale within the construction sector, along with the performance of
two other Greek economy’s major sectors, i.e., tourism and tertiary, in highlighting a dependence on
the prime drivers of economic and regional development. Overall, the research provides empirical
evidence on the macro-economic modelling of spatial demand, based on a proxy incorporating all
aspects of human activity in the geographical space.

Key words: spatial planning, regional development, building activity, multinomial logistic regression.

* Dimitrios KANTIANIS, Department of Economic and Regional Development, Panteion Univer-
sity of Social and Political Sciences, 136, Syggrou Avenue, 176 71 Athens, Greece; e-mail: dkant@
panteion.gr, ORCID: https://orcid.org/0000-0001-9338-2375

™ Serafeim POLYZOS, Department of Planning and Regional Development, University of Thessa-
ly, Pedion Areos, 383 34 Volos, Greece; e-mail: spolyzos@uth.gr, ORCID: https://orcid.org/0000-
0002-3437-5041

" Dimitrios TSIOTAS, Department of Regional and Economic Development, Agricultural Uni-
versity of Athens, Neo Ktirio — Nea Poli, Amfissa 33100, Greece; e-mail: tsiotas@aua.gr, ORCID:
https://orcid.org/0000-0003-3510-8823

. © by the author, licensee LodZ University — L6dZ University Press, £0dz, Poland. This article is an open
@Creatlve access article distributed under the terms and conditions of the Creative Commons Attribution license
COMMONS CC-BY-NC-ND 4.0 (https://creativecommons.org/licenses/by-nc-nd/4.0/)
Received: 06.10.2022. Revised: 19.04.2023. Accepted: 26.04.2023.



https://doi.org/10.18778/1231-1952.30.1.01
https://orcid.org/0000-0001-9338-2375
https://orcid.org/0000-0002-3437-5041
https://orcid.org/0000-0003-3510-8823
https://creativecommons.org/licenses/by-nc-nd/4.0/

6 Dimitrios Kantianis, Serafeim Polyzos, Dimitrios Tsiotas

1. INTRODUCTION

The construction industry is traditionally considered a significant driver of national
economies, as well as of regional economic development (Lopes, 2012; Polyzos
and Tsiotas, 2020). Construction output typically and consistently contributes
worldwide a sizeable proportion, around 7% to 10% of the Gross National Product
(GNP), and is responsible for more than half of the national fixed capital gener-
ation. It also employs a significant number of the working population, generally
between 6% and 8% (Turin, 1973; Wells, 1985; Ball and Wood, 1996; Lopes et
al., 2002; Pearce, 2003; Ruddock and Lopes, 2006; Ofori, 2015). Moreover, the
construction industry’s products form the main factors of production, such as land
and buildings, for almost all the other industrial sectors. Shelter, living accommo-
dation, and transportation are considered the necessities of modern life, and these
are provided by construction (Smith and Jaggar, 2007; Polyzos and Tsiotas, 2020).
The construction sector is also seen as a major contributor to land use change and,
therefore, its role in meeting long-term sustainable development goals is impor-
tant (Ortiz et al., 2009; Sev, 2009; Lima et al., 2021). Since the building industry
mainly delivers fixed long-lasting assets, building production is normally seen, by
all parties involved, as a capital investment undertaking (Polyzos, 2019; Zasada
et al., 2015). The final product is often large and expensive, and can represent
a client’s largest single capital outlay (Ashworth, 2004). The types of building de-
mands are diverse and range from residential buildings, such as houses and blocks
of multi-storey apartments, to several types of non-residential building structures,
like industrial, commercial, offices, and public buildings of various needs (Seeley,
1996; Polyzos, 2019). Socio-economic development is mainly concerned with ex-
panding the productive capacity of the national economy to increase the quality
and extent of goods and services available to the community, or to improve stand-
ards of living and economic well-being (Briscoe, 1988; Polyzos, 2019). Thus, apart
from its contribution to the total economic flow, the construction industry plays an
indispensable role, and the level of building activity is often used as a measure of
socio-economic development and progress within a society (Myers, 2008).
Construction activity, as a key sector of overall economic activity, has undoubt-
edly played an important role in Greece’s development throughout the post-war
period (Polyzos and Minetos, 2008; Mavridis and Vatalis, 2015). It has been a key
axis around which a significant (if not the most important) part of the country’s
economic development has revolved (Polyzos, 2019). The need for recovery and re-
building on new foundations of the country’s productive apparatus, combined with
the need to solve the housing problem for a large percentage of the population, led
to a building boom, which functioned autonomously and complementarily to the
country’s economic development. Thus, the country’s economic development was
largely focused on construction activity and the creation of a productive mechanism
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that would support it (Polyzos and Minetos, 2008; Mavridis and Vatalis, 2015). The
needs for housing were suffocating, especially in Athens, and some estimates put
the need for housing across the country in the 1950s and 1960s at 1 million
(Polyzos, 2019). In the 1970s, the rate of investment in housing in Greece, which
had a long-standing tendency to fall, rose again quite high. Thus, once again, during
the then (1970s) crisis, construction filled to some extent the gaps in industrial in-
vestment (Polyzos and Minetos, 2008). Already, however, investment in construc-
tion was also entering a crisis, based on the data on the volume of new construction,
which seems to have been reduced by about half in the Attica region and elsewhere
(Polyzos and Minetos, 2008; Mavridis and Vatalis, 2015; Polyzos, 2019). During
the 1980s, residential construction was significantly reduced compared to the past,
mainly due to a decrease in reconstruction in urban centres. Private and public con-
struction activity experienced a decline in the early 1990s due to the cost of housing.
It was affected by high mortgage interest rates, and rising construction costs due to
increases in material and labour prices (Polyzos, 2019). However, since the end of
1995, mortgage interest rates have decreased, leases have been liberalised and many
areas have been included in the urban plan (Zantanidis and Tsiotras, 1998; Polyzos,
2019). These events together with the 2004 Olympic Games increased construction
activity (Polyzos and Minetos, 2008; Polyzos, 2019). Between 1997 and 2005, the
number of new houses increased because middle-income earners borrowed to buy
housing (Polyzos, 2019). The mortgage system with tax measures led to an increase
in housing, especially at the high-quality end. In general, the construction sector
experienced a rapid growth from the early 1990s until 2007, significantly increas-
ing its importance in the Greek economy and contributing positively to its growth
(Karousos and Vlamis, 2008; Polyzos, 2019; Sdrolias et al., 2022), The positive
performance of the sector until recently has been largely due to the absorption of
funds for infrastructure projects used under the Community Support Frameworks
(CSF), the implementation of Olympic projects, and the growth of private construc-
tion activity over time (Polyzos, 2019). Both in the past and today, significant reser-
vations have been expressed about the effectiveness of continued policy support for
the construction sector in Greece (Polyzos, 2019), regarding whether this sector of
the Greek economy has reached a tipping point or a saturation point, which should
lead to the pursuit of different regional development policies.

Within this context, this paper assumes that extending knowledge on the spatial
variation in the volume of building activity could assist urban policy decision-mak-
ers to identify potential changes in regional economic patterns and alert them to
opportunities and risks in markets and regions with differently synchronised econo-
mies. To this end, Greece can provide an excellent case for studying building activ-
ity as it suggests a country submitted in the last fifty years to considerable urbanisa-
tion forces and its modern aspect development is symbiotically related to building
activity. The paper has been organised into five sections as follows. Following the
introductory section, the second section provides a brief literature review and de-
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scribes the specific characteristics and territorial dimension of the building activity
in Greece, and sets the study area as the spatial unit of analysis. The third section
provides a thorough description of the multinomial logistic regression methodolo-
gy used in the research, the dependent variable, and the explanatory variables that
are used in the empirical model. The fourth section presents the analysis results and
discusses the spatial configuration of the building activity variance across the Greek
prefectures. The paper concludes with a presentation of broader implications and the
value of the study to the real estate market and the land use public policy-makers.

2. LITERATURE REVIEW

2.1. Building activity and economic development

The level of building activity represents over time the demand for geographical
space due to housing, business, and recreation forces, and suggests a critical driv-
er of both economic growth and regional development. Considering its symbiotic
relationship with economic and regional development, further macro-economic
evidence on the evolution, spatiality, and current trends in building activity may
contribute to a more effective regional policy, planning, and implementation, and
provide insights into major questions in regional science as geographic dependen-
cy and regional divergence. Ball and Wood (1996) provided evidence of a long-
term steady-state relationship between building investment and economic growth
for the U.K. from the themed-20th century to the present day. Notwithstanding its
significance, fluctuations in building activity output, usually referred to as building
or property cycles, are endemic in the industry. In part, they are caused by fluctu-
ations in the economy as a whole and in part by the unique nature of the construc-
tion product (Hillebrandt, 2000). Hence, property cycles occur for reasons that
are both endogenous (from within the building sector) and exogenous (influences
outside the building sector). Endogenous reasons can arise from time lags in pro-
duction that lead to periods of excess demand and excess supply which means the
property market is hardly ever in equilibrium. At first, demand increases but there
is a delay before a new building can commence while planning permission and
finance are arranged; further shortages of space lead to rising rents bringing forth
more new developments; speculation that rents will continue to rise further spurs
supply; completions then provide excess supply leading to falling rents and less
development. As exogenous influences, they can be considered as any fluctua-
tions in income, employment, availability of credit, interest rates, exchange rates,
changes in government policy, etc. A typical example is the introduction of ener-
gy performance certificates that posed an additional expense to property owners
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(Jowsey, 2015). A strong economic upturn coinciding with a shortage of available
property may be the starting point of a cycle. Rents and capital values increase,
and this can stimulate new development. Further speculative developments are
financed by an expansion of bank lending and so a building boom results, but it
takes time for supply to reach the market and so rents and capital values contin-
ue to rise. When new developments are completed, the business cycle may have
peaked and slowed down, causing a fall in demand for property and a property
slump with falling values, high vacancy levels, and widespread bankruptcies in
the building sector. Undoubtedly, the economy, the property sector, and the finan-
cial sector are strongly interlinked (Barras, 1994). According to Towey (2018) and
Polyzos (2019), a typical building cycle conceptual model builds on the key char-
acteristics of an economic cycle that are reflected in the building industry, such as
a fall/rise in interest rates, a rise/reduction in share prices and value of commod-
ities, and easier/tighter money and rise in property prices, the signs of which are
differentiated on the top or bottom of the cycle.

The patterns of these events can affect capital investments that drive or diminish
the demand for building activity. Falling interest rates encourage more lending and
activity for building work with the opposite in force after a boom. Knowledge of
these trends permits building developers and land policy-makers to be aware of the
likelihood of changes in demand in both the long and short termsand to implement
strategies for future planning. This information aids decision-making around the
risks and opportunities available in specific markets to recognise the type of con-
sumer demand that will be in force at given times (Towey, 2018). Although most
economic activities are subject to business cycles, the ease with which investment in
a building can be postponed makes the difference between the maximum and min-
imum demand greater than that for most other activities. The greater the amplitude
of the fluctuations and their frequency, the less the industry is able to meet future
increases in demand as it cannot plan with confidence (Smith and Jaggar, 2007).

Strassmann (1970), as cited in Mehmet and Yorucu (2008), has argued that
construction, like agriculture or manufacturing sectors, follows a pattern of
change that reflects a country’s level of economic development. After showing
a lag in early development, construction accelerates in middle-income countries
and then falls rapidly. Goh (2009) studied four countries belonging to the same
class of economic development and population, namely Singapore, Finland, Den-
mark, and Sweden, and concluded that the roles and importance of building ac-
tivity in the national context could still vary: (i) for a highly developed country
with a mature economy, building output volume can be relatively high when the
share of construction is relatively low; (i7) the extent to which the government of
a country uses the construction industry as an economic regulator is critical in
sustaining its importance even when the country is industrially advanced; and (ii7)
in highly competitive advanced industrialised countries, the building industry can
significantly contribute to national competitiveness through a continuous supply
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of buildings and modernising the country’s physical infrastructure to foster pro-
ductivity growth and investment.

Regional economies usually experience different periods of either economic
growth or decline, and this instability is reflected in higher or lower levels of build-
ing activity. These declining, stagnant, or rising patterns of building activity can
have a direct effect on regional prosperity level, consumer spending trends, as well
as employment opportunities, therefore, providing useful information on the eco-
nomic performance of a region. Moreover, information on possibly significant spa-
tial variations in regional building activity, within the broader national context, can
further contribute considerably to the effectiveness of strategic policy decision-mak-
ing and implementation (Petrakos and Polyzos, 2005). Exploring variations in the
volume produced by the building activity sector can provide useful insights regard-
ing the behaviour of regional property markets and the trajectories of change in the
regional land use system. The spatial dimension of building activity variance could
add to a clearer understanding of the principal dynamic of increased spatial depend-
ency and regional divergence. The economic underperformance of some regions
when compared to others is an indicator of the effectiveness of the applied regional
policy (Polyzos and Minetos, 2008). Alkay et al. (2018) emphasised the importance
of studying the spatial variation in housing construction activity in Turkey. The au-
thors have suggested that uneven spatial development might be explained in several
ways in different parts of the country: in many parts, they have found a reasonable
degree of consistency between economic fundamentals and housing activity, but
there are exceptions in some regions whereas it seems likely that policy is creating
conditions where development levels are outstripping market requirement which,
of course, might seek to destabilise the property market and the wider economy; in
other regions, development levels may be below what might be required to meet
market requirements and to support the growth agenda.

2.2. Building activity in Greece

The Building Activity Survey published by the Hellenic Statistical Authority (EL-
STAT) has been providing data on a monthly and yearly basis since 1964 (Polyzos,
2019; ELSTAT, 2022). The purpose of this study is to register the total number of
building permits issued by the responsible administrative authorities. The survey
covers all the features of building activity, such as the type of building permit, the
type of construction, the type and the characteristics of a building and its auxiliary
spaces, as well as building usage, surface, volume, and value. The survey is fully
harmonised with European legislation. The primary legislative act is Regulation
(EC) 1165/1998, as it was amended according to Regulation (EC) 1158/2005 and
Regulation (EU) No. 2019/2152 of the European Parliament and the Council on
European business statistics, as well as Commission Implementing Regulation
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(EU) No. 2020/1197 laying down specifications and arrangements under Regula-
tion (EU) No. 2019/2152. The survey is exhaustive and covers the total number
of issued building permits across the country. The analysis was conducted on the
third level of Nomenclature of Territorial Units for Statistics (NUTS-III level), for
the fifty-one (51) Greek prefectures, as is shown in Fig. 1.

Fig. 1. Map with the 51 prefectures (NUTS-III level) of Greece

Source: own work.
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Code Name Code Name Code Name Code Name Code Name
1 Evros 12 Chalkidiki 22 Magnesia 32 Lefkada 45 Argolis
2 Drama 13 Kozani 23 Arta 33 Chios 46 Arcadia
3 Serres 14 Kastoria 24 Thesprotia 34 Cephalonia 47 Dodecanese
4 Xanthi 15 loannina 25 Preveza 35 Achaea 48 Laconia
5 Kilkis 16 Grevena 26 Karditsa 36 Boeotia 49 Attica
6 Rhodope 17 Pieria 27 Evrytania 39 Korinthia 50 Messenia
7 Kavala 18 Larissa 28 Aetolia-Acarnania 40 Elis 51 Chania
8 Thessaloniki 19 Lesbos 29 Phthiotis 42 Cyclades 52 Rethymno
9 Florina 20 Corfu (Kerkyra) 30 Phocis 43 Zakynthos 53 Heraklion
10 Pella 21 Trikala 31 Euboea 44 Samos 54 Lasithi
11 Imathia



12 Dimitrios Kantianis, Serafeim Polyzos, Dimitrios Tsiotas

The total building activity for both private and public sectors in Greece is cal-
culated based on the number of issued building permits (Polyzos, 2019; ELSTAT,
2022) and, as of March 2022, amounted to 2,002 permits (ELSTAT, 2022). This
amount corresponds to 383,300 sq. m of surface and 1,736,600 cubic m of building
volume, reflecting, respectively, a 2.8% increase in the number of building permits,
a 19.6% decrease in surface, and a 16.8% decrease in volume, compared with the
corresponding month of 2021 (ELSTAT, 2022). The building permits for the private
building activity sector issued in March 2022 reached 1,990. This amount corre-
sponds to 382,000 sq. m of surface and 1,731,500 cubic m of volume (ELSTAT,
2022). In comparison with the respective month of 2021, there was a 3.2% increase
in the number of building permits, a 15.1% decrease in surface, and a 6% decrease
in volume (ELSTAT, 2022). In the same period, from April 2021 until March 2022,
private building activity in Greece recorded a 24.4% increase in the number of is-
sued building permits, a 42% increase in the surface, and a 43.2% increase in vol-
ume, compared with the corresponding period from April 2020 to March 2021 (EL-
STAT, 2022). Based on this information, Fig. 2 shows the fluctuations in the annual
private building activity for the period from 2012 to 2021 (expressed as several
building permits, surface in sq. m, and volume in cubic m).
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Fig. 2. Annual private building activity in Greece, for the period 2012-2021
Source: own work created on data extracted from ELSTAT (2022).

Next, Fig. 3 shows the fluctuations in monthly private building activity for the
period from April 2012 to March 2022, expressed as several building permits, sur-
face in sq. m, and volume in cubic m (ELSTAT, 2022). A building is any permanent
and independent structure that has walls and a roof and consists of one or more
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rooms and other complementary spaces. Building volume refers to the area that
is included between the external surface of the external walls, the lowest level
(basement or sub-basement, if existent), and the roof of the building. The volume
of any open ground floors not enclosed by walls between the lower floor and roof is
also considered. The relevant authorities calculate the building volume during the
issuing of the building permit. The building surface is the sum of each floor space
along with the outer space of the outer walls. A permit refers to all types of building
permits: for new buildings or for addition, repair, renovation, demolition, legitimi-
zation, amendment, and modification of existing buildings (ELSTAT, 2022).
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Fig. 3. Monthly private building activity in Greece, for the period Apr 2018—Mar 2022
Source: own work created on data extracted from ELSTAT (2022).

Next, Fig. 4a shows the spatial distribution of the average volume (cubic m) of
building activity (per capita) in each Greek prefecture for the period 2000-2019
(NUTS-II level), along with their lower (Fig. 4b) and upper (Fig. 4c) bounds
of a 95% confidence interval for the mean. As it can be observed, in the average
case (Fig. 4a): the island prefectures of Corfu (20), Cephalonia (28), and Letkada
(34), in the Ionian Sea; the insular Dodecanese (47) and Rethymno, in the Aegean
Sea; and the coastal prefecture Achaea (35), in Peloponnese, are described by the
lowest volumes of building activity per capita. In terms of spatial distribution, the
regions with a very low and low average building activity are located (i) in west-
ern Greece (the lonian Sea prefectures 20, 24, 25, 34, and 43); (i7) in the Pelopon-
nese (including the capital prefecture 35 of the region, along with prefectures 45
and 50); in central and northern Greece (prefectures 13, 14, 16, and 18); in Crete
(prefectures 51—53); and in the south and east Aegean (prefectures 44 and 47).
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Overall, whether the medium (yellow) class regions are also considered, we can
observe that regions with below the medium average building activity are scat-
tered throughout the Greek territory, shaping almost an even pattern of dispersion
regardless of (insular, coastal, mainland, and mountainous) geomorphology.

On the contrary, the mainland prefectures of Kilkis (5) and loannina (15); the
coastal metropolitan Attica (49) and Thessaloniki (8); and the island Lasithi (54)
have the highest averages of building activity per capita. In terms of spatial distri-
bution, we can observe that the regions with a very high and high average building
activity are clustered (i) in north-eastern Greece (prefectures 5, 8, 12, and 7); (ii) in
central Greece (prefectures 15, 21, and 26—31); in the metropolitan region of Atti-
ca (49); in Laconia prefecture (48) in the Peloponnese; and Lasithi (54), Cyclades
(42), and Chios (33), in the Aegean Sea. This arrangement configures a linear spa-
tial pattern described by an arc of a very high and a high average building activity,
composed by prefectures 15, 21, 26—31, 33, 42, 49, and 51, ranging from mainland
north-western Greece to the insular south Aegean Sea. From both sides of this arc,
another cluster of northern Greece prefectures (5, 7, 8, and 12) and the Pelopon-
nese prefecture 48 of low building activity is located. This composite “%-shape”
(composed of the central arc and clusters from both sides) spatial pattern of a high
average building activity appears to be an effect of demographic concentration (to
the extent the metropolitan regions of the country are concerned), tourism devel-
opment (as far as tourism developed insular and coastal prefectures is concerned),
and mainland geomorphology related to a high specialisation in the primary sector.
To the extent that the building activity is related to regional development, we can
observe that the potential drivers of this spatial configuration are the major drivers
(population, tourism, and agriculture) stimulating regional development in Greece
(Polyzos, 2019; Tsiotas, 2021; Tsiotas et al., 2021; Kranioti et al., 2022). This ob-
servation can also drive the selection of the covariates in the regression models.

Furthermore, as far as metropolitan regions are concerned, we can observe that (i)
two (31 and 42) out of four (50%) neighbour prefectures (31, 36, 39, and 42) of At-
tica (49) have a high building activity; whereas (if) two (5 and 12) out of six (30%)
neighbour prefectures (3, 5, 10—12, and 17) of Thessaloniki (8) have a high building
activity. In the context of the growth pole theory (Capello, 2016; Polyzos, 2019; Tsi-
otas et al., 2022), this observation enables one to configure a composite model of the
corporate neighbourhood between the metropolitan and satellite regions in Greece in
terms of building activity, according to which there seems to be a “selective” diffusion
of building activity from the metropolitan regions to their satellites, of an intensity
almost proportional to the metropolitan regions’ population density. This observation
addresses the avenues of further research. Finally, we can observe that, in the majority
of cases, Fig. 4b and Fig. 4c illustrate the same patterns as the average cases, except
the prefectures of (i) Kozani (13), which climbs (2—3) a class in building activity
at the upper bound case (Fig. 4b,c); (ii) Pieria (17), which climbs and falls (2—3—2)
one class in building activity across cases (Fig. 4a,b); (iii) Thesprotia (24), which
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climbs and falls (2—3—2) one class in building activity across cases (Fig. 4a,b,c);
(iv) Karditsa (26), which climbs (4—>5) a class in building activity at the upper bound
case (Fig. 4b.c); (v) Evrytania (27), which falls and climbs (4—3—4) one class in
building activity during cases (Fig. 4a,b,c); (vi) Boeotia (36), which climbs (2—3)
a class in building activity at the upper bound case (Fig. 4b,c); and (vii) Rethymno
(36), which climbs (1—2) a class in building activity at the upper bound case (Fig.
4b,c). These “commuting” cases in classification can be of particular interest in terms
of regional policy as they appear the most “sensitive” in transitions between classes of
building activities, and, therefore, the measures of regional policy motivating build-
ing activity can be more effective by dint of their “sensitivity”.

Code Name Code Name Code Name
1 Evros 18 Larissa 35 Achaea
2 Drama 19 Lesbos 36 Boeotia
3 Serres 20 Corfu (Kerkyra) 39 Korinthia
4 Xanthi 21 Trikala 40 Elis
5 Kilkis 22 Magnesia 42 Cyclades
6 Rhodope 23 Arta 43 Zakynthos
7 Kavala 24 Thesprotia 44 Samos
8 Thessaloniki 25 Preveza 45 Argolis
9 Florina 26 Karditsa 46 Arcadia
10 Pella 27 Evrytania 47 Dodecanese¢
11 Imathia 28 Aetolia-Acarnania 48 Laconia
12 Chalkidiki 29 Phthiotis 49 Attica
13 Kozani 30 Phocis 50 Messenia
14 Kastoria 31 Euboea 51 Chania
15 loannina 32 Lefkada 52 Rethymno
16 Grevena 33 Chios 53 Heraklion
17 Pieria 34 Cephalonia 54 Lasithi

= =
+$
LN, G R
_ba s e . - ub_| s ‘ RN -
0,65 -0,81 .-.‘ g", Vg .1,17-1,43 "“ g‘f g
AR ) o SR |
B0,81-1,03 ? o W 1,43 -1,60 D o W
£31,03-1,28 - "’ * 31,60-1,85 T "{

1,28-1,58 f) E1,85-2,15 a - ‘

1,58 - 1,90 3 " ,‘ B2,15-2,55 & i P
0 40 80 |6Em - 0 40 80 '62m
: - ——— O S

Fig. 4. Spatial distribution of (in cubic m) of building activity’s volume per capita by Greek prefectures
expressed in (a) average values of building activity (mba); (b) lower bound of a 95% confidence inter-
val (Ib_ba); and (c) upper bound of a 95% confidence interval (Ib_ba). Data of the period 2000-2019

Source: own work.



16 Dimitrios Kantianis, Serafeim Polyzos, Dimitrios Tsiotas

Finally, Fig. 5 shows the volume (in cubic m) of private building activity
in the Greek regions (NUTS-II level) for the years 2021-2022. As of March
2022, the cases of Attiki (region 10), Kentriki Makedonia (Central Macedo-
nia, 02), and the Peloponnisos (Peloponnese, 09) were the leading regions in
building activity whilst the cases of Voreio Aigaio (North Aegean, 11), Dytiki
Makedonia (West Macedonia, 03), and Sterea Ellada (Sterea Hellas, 08) showed
the lowest building volume levels (ELSTAT, 2022). Further, the number of firms
operating broadly in the Greek construction sector reached 158,305 in 2019,
representing a decline of 11.2% since 2010. In contrast, the real estate and archi-
tectural/engineering sub-sectors reported in 2019 a 50.5% and a 21.3% increase
in the number of firms, respectively, compared to the levels in 2010. In terms
of employment, the number of individuals employed in the broad construction
sector stood at 280,280 in 2019, representing a decline of 25.8% since 2010.
Conversely, the number of persons employed in the property and architectural/
engineering activities sub-sectors increased by 46.0% and 26.7% from 2010 to
2019, respectively (ECSO, 2020).
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Fig. 5. Private building activity (in cubic m) by Greek regions (2021-2022)
Source: own work created on data extracted from ELSTAT (2022).
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3. METHODOLOGY AND DATA

This study aims at exploring significant socio-economic factors that affected Greek
building activity. The analysis builds on a multinomial logistic approach applied
at the third (III) level of spatial administration, according to the Nomenclature
of Territorial Units for Statistics (NUTS). The dependent variable represents the
variance in building activity (vba) for the study period, as reported by the Hellenic
Statistical Authority (ELSTAT, 2022) for the fifty-one (51) Greek prefectures (see
Fig. 1). In particular, the dependent variable expresses the variance in the volume
(in cubic m) of building activity per capita in each prefecture and is allocated to
low, medium, high or very high levels. Due to the data availability of the inde-
pendent variables, a list-wise analysis restricts the availability of the respective
building activity’s data (as shown in Fig. 2 and Fig. 3) to the period 2000—2019.
To repair this loss of information, a composite multinomial logistic regression
has been used, consisting of a collection of three models conceived in a statistical
inference context based on a confidence interval computation. In particular, three
multinomial logistic regression models were constructed including collections of
(i) lower bound, (i7) average, and (ii7) upper bound variables, and, therefore, the
analysis was run three times (instead of once) to incorporate in the results a 95%
certainty level captured by the confidence intervals computed across the time di-
mension (2000—2019) of the available variables. In the final step, this approach
enables one to consider in common the results of the analysis based on signs’
intersection and, therefore, to repair and better manage the uncertainty caused by
the definition of the period 2000—2019.

The total surface area of Greece is 132,049 sq. km (Polyzos, 2019; Tsiotas,
2021) with Kentriki Makedonia representing the biggest region (19,166 sq. km)
and the Ionian Islands the smallest one (2,306 sq. km). According to the 2011
Population — Housing Census, the total population of Greece was 10,816,286
residents. The prefecture of Attiki (1) has the greatest regional population with
3,828,434 residents (35.4% of the country’s population) and the lowest popu-
lation with 199,231 residents (only 1.8% of the country’s population) has the
Voreio Aigaio (11) region. The total number of households reaches 4,134,540,
with 2-membered ones representing 29.5% (1,218,466 households). Further-
more, according to the 2016 Farm Structure Survey, the total utilised agricul-
tural area in Greece is 3.1526 thousand ha. The independent variables which
are considered in the analysis regard economic and social regional character-
istics.

All models in this paper were constructed through the use of the IBM SPSS®
statistical package (Norusis, 2011). Next, a description of the methodology
adopted is provided and the composite model’s structure is explained in more
detail.
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3.1. Multinomial Logistic Regression models

The spatial effect of the observed differences in building activity variance can be
described by a categorical variable that assigns spatial ranges to a specific num-
ber of categories concerning the magnitude of variance so that the dimensions of
the phenomenon under study can be reduced and sustain only its major trends in
variance. The result contributes to a clearer and more intuitive understanding of
any spatial dissimilarity (Polyzos and Minetos, 2008). For this presented analysis,
a set of three multinomial logistic regression (MLR) models is used (Norusis,
2011), described by four classes (dimensions) of building activity variance. The
MLR is useful when there is a need to classify subjects based on the values of a set
of predictor variables. This type of regression is like a logistic regression, but the
dependent variable is not restricted to two categories. Logistic regression treats
the distribution in a probabilistic manner and expresses each dimension of the
issue under investigation in terms of probability (Agresti, 1996). The MLR tech-
nique is an extension of the binomial logistic model to the cases where the depend-
ent variable has more than two categories (e.g., low variance, medium variance,
high variance, etc.). In this case, the dependent variable of interest exhibits a mul-
tinomial distribution and not a binomial as in simple logistic modelling. This type
of regression requires no linear relationship between the dependent and independ-
ent variables to apply. Furthermore, it does not assume that the dependent variable
and residuals are normally distributed (Norusis, 2011). The “very high variance”
category (cat) is set as a reference category, and three non-redundant classes (log-
its) are formed for (i) the “high variance”; (if) “medium variance”; and (iii) “low
variance” categories, to observe differences in building activity variance. Using
the general formula of logistic regression (Norusis, 2011):

(by j+by ; Xy +.. 4D, X))

Pr(Y=j)=—

e(b0i+bI:XI+"~+bnan) (1)
i=1

which is equivalent to:

Pl/ii—cat)
log Pr =by+b, X, +b, X, +...+b, X, +¢ 2)

r(jfcat)

the following logits can be constructed for a single model:

7 \
logitA =In| — Uowee) N\ b, +b X, +b, X, +..4b X +&, 3)
(very High—cat )
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oo
logitB =In| —e) \_p b X, +b,, X, +..4b X, +¢, (4)
L }/ivery high—(‘at) |
. | Prihighﬂ‘at) |
logitC =1In 5 =bye +b X +b, X, +...+b, X, +& (5
B r(very high—cat) i
where:
Y: the dependent categorical variable
J the baseline category (j-cat)
i the alternative (different than the baseline) categories (i-cat), num-

bered 1, ..., m

Pr; the likelihood that the dependent categorical variable Y is in the j
category (j-cat)

Pr, . thelikelihood that the dependent categorical variable Y is in the
i category (i-cat)

X! the independent variables (predictors), numbered as 1, ..., n

b,: the intercept for logit i

b, ~b : theregression coefficients of the n independent variables (predictors)
for logit i

o the error terms (residuals) for logit i.

Logit A captures the log of the odds of the probability that a prefecture is
in the “low building activity variance” category rather than in the very high
category. Logit B incorporates the log of the odds of the probability of being
in the “medium building activity variance” category compared to the very high
variance category. Logit C captures the log of the odds of the probability that
a prefecture is in the “high building activity variance” category rather than in
the very high category. The MLR’s main output result is the logistic coefficient
(B) for each predictor variable, for each alternative category (not the reference
category) of the outcome variable. This B coefficient is the expected amount
of change in the logit for each one-unit change in the predictor variable. The
logit is what is being predicted, namely, it is the odds of being in the category
of the outcome variable which has been specified. The closer B coefficient is
to zero, the less influence the predictor has in predicting the logit. The results
also entail the standard error, t-statistic, and p-value. The t-test for each coeffi-
cient is used to determine whether the coefficient is significantly different from
zero. The Pseudo R-Square statistics (e.g., McFadden) are treated as measures
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of effect size, like how R? is treated in standard multiple regression. However,
these types of metrics do not always represent the amount of variance in the
outcome variable accounted for by predictor variables. Higher values generally
indicate a better fit, but they should be interpreted with caution. The likelihood
ratio chi-square test is the alternative test of goodness-of-fit. The use of the
MLR and relevant discussion can be found in Hosmer and Lemeshow (1989),
Long (1997), and Menard (2000).

3.2. Dependent variables

Data for estimating regional differences in building activity was extracted from
the Hellenic Statistical Authority (ELSTAT). The dependent variables (vba) are
estimations of the variance (¢?) in the building activity within each Greek pre-
fecture (NUTS-III level) for the years 2000—2019, expressed in volume (cubic
m) per capita. In particular, the first dependent variable Y, = vba(LB) expresses
the lower bound of the average variance in building activity, estimated by a 95%
confidence interval that is computed (based on Student’s distribution) across
the available time data (2000—2019) for each prefecture. The second dependent
variable Y, = vba(M) expresses the average variance in building activity, esti-
mated (point estimation) across the available time data for each prefecture. The
third dependent variable Y, = vba(UB) expresses the upper bound of the aver-
age variance in building activity, estimated by a 95% confidence interval that is
computed (again based on Student’s distribution) across the available time data
(2000-2019) for each prefecture. The collection of these three models Y={Y,
Y, Y.} is implemented to repair uncertainty due to the data availability, and is
expressed in a system format as follows:

Pr(Y =i)=Pr((},,Y,,Y;) = (i, j,k)) =
e(b0[+th1+A..+me,,)
Pr(Y, =vba(LB)=1i)=—

z e(bo p+b X+ 4, X))
p=l

(by j+by ; Xy +.. 4B, X))
. e
Pr(Y, =vba(M) = j)=— (6)
- Ze(holj+blp)(l+,..+b,,,,)(n)

p=l

e(b0k+b]kX1 +..4b, X))

Pr(Y; =vba(UB)=k)=—
Z (byp+by Xy +.. 40, X))
e
p=l
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All these latent variables were derived from the mean values (see Fig. 3) and
the standard deviation of building activity volume divided by the population of
each prefecture. These original values of variances were transformed to construct
a broader variance classification of building activity and subsequently to investi-
gate the relative performance of the building sector against a diverse group of nu-
merical variables considered hereinafter as significant driving factors of building
activity fluctuations. Hence, the 51 prefectures were classified into four categories
according to the magnitudes of variance that they exhibited during the study pe-
riod. These categories (cat) are equally weighted and, indicatively for the second
model (Y,), are shown as follows:

cat(1): Prefectures with low variance in building activity (vba(MB) < 4.27)

cat(2): Prefectures with medium variance in building activity (4.27 <vba(MB) < 6.45)
cat(3): Prefectures with high variance in building activity (6.45 <vba(MB) <9.76)
cat(4): Prefectures with very high variance in building activity (9.76 < vba(MB))

The corresponding categories for the other two models (Y, and Y)) arise from
the previous ones by the confidence intervals calculation.

3.3. Independent variables and research hypotheses

This section presents the total eight independent variables (predictors) selected
to be included in the empirical model together with the main research hypothe-
sis assigned to each variable. The relevant data was retrieved from ELSTAT da-
tabases and covers the study period of the years 2000—2019. These explanatory
variables are considered to be related to several economic and social regional
characteristics and are shown in Table 1. As far as the pre-variable is concerned
(prefecture’s GDP to the GNP), according to Myers (2008), GDP figures are
used worldwide as a proxy for a territory’s progress towards prosperity. Since
“the more money made,” the higher the GDP growth, it is generally accepted
that an increased GDP is associated with a higher standard of living for the cit-
izens of that territory.

Table 1. Predictor (independent) variables participating in the analysis

Label Name Description Source
pre Prefecture’s gross | Represents the prosperity level of residents Polyzos
domestic product in each prefecture and is used to investigate (2019);
(GDP) contribution | whether there is a positive influence of the level Tsiotas
to the gross of economic development in each prefecture on (2021)
national product the variance of building activity (expressed as
(GNP) a percentage).
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Label Name Description Source
dic The declared It also relates to residents’ prosperity level in each | Polyzos
income per resident | prefecture and is used to explore whether there (2019);
in each prefecture | is a positive effect of higher declared income in Tsiotas
each prefecture on the building activity variance | (2021)
(expressed as euro per capita).
pit Personal income It examines whether there is a negative relationship | Polyzos
tax in each between higher levels of taxation on personal (2019)
prefecture income and the variance of building activity in
each prefecture (expressed as euro per capita).
upd Urban population It measures the level of urbanisation of each Tsiotas
density prefecture; due to the phenomenon of real estate (2021)
cycles, the relationship between the growth of urban
population and the level of building activity is rather
a complex one and, therefore, the hypothesis under
investigation is whether prefectures with larger
urban concentrations are associated with more stable
patterns of building activity.
The extent of building activity in an economy
is closely linked in particular to the extent of
urbanization in that economy (expressed as
the number of residents per sq. km of each
prefecture’s surface area).
con Construction It is used to assess whether increased levels of Polyzos
industry’s construction activity within a prefecture could be | (2019)
contribution to each | associated with more volatile building activity
prefecture’s GDP levels (expressed as a percentage).
agr Agricultural It is used to check whether the growth of Tsiotas
sector’s agricultural activity within a prefecture could be (2021);
contribution to each | associated with higher levels of building activity | Sdrolias
prefecture’s GDP variance (expressed as a percentage). etal. (2022)
srv Services sector’s It is used to check whether an increased level of | Tsiotas
contribution to activities related to the services industry within (2021)
cach prefecture’s a prefecture could be associated with more
GDP unstable building activity patterns (expressed as
a percentage).
toa Tourists’ overnight | It captures the magnitude of touristic demand Tsiotas et al.

accommodation

for each prefecture and, thus, it is investigated
whether higher demand for tourists’ overnight
staying is connected to an increased level of
building activity variance (expressed as the
number of nights spent by tourists in each
prefecture per capita of that prefecture).

(2021)

Source: own work.
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4. RESULTS AND DISCUSSION

Table 2a reports no missing values for the binned categorical (ordinal) depend-
ent variables (vba(LB), vba(M), vba(UB)). Table 2b presents Models Fitting
Information with the Likelihood Ratio Test (Chi-Square), used to test the hy-
pothesis that the values for all coefficients in the multinomial logistic model are
zero. Since the observed level of significance is asymptotically zero, the null
hypothesis that all coefficients for the independent variables are zero can be
rejected in all cases of the three models. Thus, it is concluded that the final mod-
els outperform the intercept-only models. The null hypothesis that the models
adequately fit the data can be examined by the Deviance Goodness-of-Fit test
results shown in Table 2¢c. However, in the cross-tabulation, there are 153 (75%)
cells (i.e., dependent variable levels by subpopulations) with zero frequencies
due to a large number of regressors in the model (eight covariates). Therefore,
it is advisable not to rely on the above tests. Pseudo R-Square statistics (Ta-
ble 2d) are measures capturing the goodness-of-fit of the model, to the extent
that (Pseudo R-Square) values closer to 1 show that the logistic model explains
well the variation in the dependent variable. The Cox and Snell and Nagelkerke
scores can be considered satisfactory (Nagelkerke, 1991) for all three models,
although we can observe that they slightly decline across models configuring an
inequality R? > R? > R?

(vba(LB)) (vba(M)) (vba(UB))*

Table 2. Comparative model summary for the three constructed “vba” models

Sub-Table 2a. Ordered categories for the dependent variable (vba)

Model vba(LB) vba(M) vba(UB)
(Dependent variable) (Lower bound) (Mean) (Upper bound)
Descriptives N Marginal N Marginal N Marginal

Percentage Percentage Percentage
)
. 2) 39" 76.5%" 39 76.5%" 39° 76.5%"

Categories

€))

4 12 23.5% 12 23.5% 12 23.5%
Valid 51 100.0% 51 100.0% 51 100.0%
Missing 0
Total 51
Subpopulation S51°

* Equivalently distributed across categories 1, 2, and 3
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Sub-Table 2b. Model Fitting Information

Model Model Fitting Criteria Likelihood Ratio Tests
-2 Log Likelihood Chi-Square df Sig.
Model: vba(LB)
Intercept Only 141.342
Final 70.843 70.500 24 .000
Model: vba(M)
Intercept Only 141.342
Final 79.051 62.291 24 .000
Model: vba(UB)
Intercept Only 141.342
Final 83.138 58.204 24 .000
Sub-Table 2c. Goodness-of-Fit Tests
Type Chi-Square df Sig.
Model: vba(LB)
Pearson 88.040 126 .996
Deviance 70.843 126 1
Model: vba(M)
Pearson 95.204 126 981
Deviance 79.051 126 1
Model: vba(UB)
Pearson 100.791 126 952
Deviance 83.138 126 999
Sub-Table 2d. Pseudo R-Square Statistics
| Statistic / Model— vba(LB) vba(M) vba(UB)
Cox and Snell .749 705 .681
Nagelkerke 799 152 726
McFadden 499 441 412

* The dependent variable has only one value observed in 51 (100%) subpopulations

Source: own work.

The Likelihood Ratio Tests that are reported in Table 3 evaluate the contri-
bution of each effect to the corresponding model. Thus, each coefficient is tested
and the hypothesis that each coefficient is zero is examined. The -2 Log-likeli-
hood is computed for each effect for the reduced model, i.e., a model without
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the effect. In cases where the significance of the test is small (less than 0.05 or
0.10), the effect contributes to the corresponding model. This test can be used
instead of the Wald test for the parameter estimates. As it can be observed, five
(pre, pit, con, agr, toa) out of the total eight covariates make a significant con-
tribution to the lower bound model (¥, = vba(LB)); another five (pit, con, agr,
srv, toa) covariates (62.5% of the total) make a significant contribution to the
average vba model (Y, = vba(LB)); whereas four (pit, con, srv, toa) covariates
(50% of the total) make a significant contribution to the lower bound model
(¥, = vba(LB)). Amongst these covariates, pit, con, and toa are in common in all
these three models; covariates agr and srv appear significant in two out of three
models, whereas covariate pre appears significant in a single model. This obser-
vation enables one to put into a hierarchy the contribution of the covariates to
the model as follows whether multiplying their significances for all three models
and concluding to the following ranking: con (average significance: <0.001),
pit (average significance: 0.043), toa (average significance: 0.045), agr (average
significance: 0.07), srv (average significance: 0.157), and pre (average signifi-
cance: 0.392), where the first four in ranking covariates are on average signif-
icant (<0.01).

The Classification matrix in Table 4 shows that the models on average per-
form satisfactorily (>60.0%) in identifying the prefectures that experience
high (class 4) low (class 2) and very high (class 5) variances in building ac-
tivity. Overall, for all three models, more than 60% of the predictions have
been classified correctly. Although this percentage cannot be claimed as an
uncontested high one, it can be considered satisfactory to the extent that the
models’ results are interpreted structurally, namely based on their significance
(to differ from zero) and their (positive or negative) sign indicating the analo-
gy of their contribution to the model. Towards this direction, the construction
of a composite (three-layer) model, based on the confidence interval estima-
tions of the available dependent and independent variables, contributes to the
increase of our structural certainty about the relationship vba=f{(pre, dic, pit,
upd, con, agr, srv, toa). Within this context, being aware of such limitations,
we focus on the sign interpretations of the model results and not on their de-
tailed numeric values.

The results of parameter estimates for the three logits A, B, and C and per model
(vba(LB), vba(M), vba(UB)) are shown in Table 5, which summarises the effect of
each independent variable. Predictors that significantly contribute to the separation
of low, medium, and high building activity variance categories from the very high
variance reference category are highlighted (see variables and associated values)
in bold font, whereas those of marginal contribution is shown in italics. In gener-
al, parameters with negative coefficients decrease the likelihood of that response
category for the reference category. Conversely, parameters with positive coeffi-
cients increase the likelihood of the response category concerning the reference one.
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Table 4. Classification matrix

Observed Predicted
cat (1) | cat (2) | cat (3) | cat (4) | Percent Correct
Model: vba(LB)
cat (1) 8 3 1 1 61.5%
cat (2) 3 7 3 0 53.8%
cat (3) 1 1 9 2 69.2%
cat (4) 1 1 2 8 66.7%
Overall Percentage 25.5% 23.5% 29.4% 21.6% 62.7%
Model: vba(M)
cat (1) 7 3 2 1 53.8%
cat (2) 2 10 0 1 76.9%
cat (3) 4 1 6 2 46.2%
cat (4) 1 0 3 8 66.7%
Overall Percentage 27.5% 27.5% 21.6% 23.5% 60.8%
Model: vba(UB)
cat (1) 7 3 2 1 53.8%
cat (2) 4 7 2 0 53.8%
cat (3) 3 1 7 2 53.8%
cat (4) 1 0 3 8 66.7%
Overall Percentage 29.4% 21.6% 27.5% 21.6% 56.9%

Source: own work.

For the first logit A grouping (low variance), significant variables across all three
vba models are the size of the construction sector (con) and the tourists’ overnight
accommodation (toa), whereas the size of the agricultural sector (agr) is signifi-
cant in one model, and the share of the services to the total GDP of each prefec-
ture (srv) appear marginally significant in two out of three models. Next, for the
second logit B grouping (medium variance), the size of the construction sector
(con) remains a significant covariate across all three models, whereas the number
of tourists overnight accommodation (toa) appears significant in two out of three
models and in one marginally significant. Further, the share of the services sector
to the prefecture’s GDP (srv) appears this time significant in two out of three mod-
els, and the prefecture’s contribution to total GNP (pre) in one out of three models.
Next, according to the third logit C grouping (high variance), the personal income
tax (pit), the share of the services sector to the prefecture’s GDP (srv), and the
number of tourists’ overnight accommodation (toa) can be considered marginally
significant in one out of three models.
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By multiplying the significances per covariate, for all 9 cases composed by
the multiplication of 3 vba models and 2 logit categories, it can be observed in
Table 6 that (i) those covariates that remain significant at the 0.10 level (<0.10%)
are the size of the construction sector (con) and the number of tourists overnight
accommodation (toa); (if) the covariate that remains marginally significant at the
0.12 level (<0.12%) is the share of the services sector to the prefecture’s GDP (srv);
whereas (ii7) the fourth covariate in the ranking, the prefecture’s contribution to
total GNP (pre), has a product of significance >0.30° and cannot be considered as
significant along with its following ones.

As far as the significant predictors are concerned, the size of the construc-
tion sector (con) appears the most significant one, having a negative coefficient
in all cases that absolutely increases and afterward decreases across the logit
groups (in an inverse U-shaped pattern). This outcome first indicates that the
size of building activity in a prefecture (as it represents a major constituent of
its total construction volume) is positively associated with its variance. This
observation, in the context of the Williamsons’ curve of inequalities, which
describes an inverse U-shaped engine between economic national economic
growth and regional inequalities (Capello, 2016; Polyzos, 2019), enables one
to assume (by loosely assigning the size of the construction sector to the eco-
nomic growth’s axis and the variability of building activity to the regional
inequalities’ axis) a similar engine describing the vba’s distribution by the size
of the construction sector, interpreting that as the size of the construction sec-
tion increases (from low to high) the variability in the sector first increases and
afterward decreases. This interpretation may imply that intermediate stages of
growth in the construction sector appear more unevenly distributing the re-
turns of growth in the structural elements of the spatial economic system (e.g.,
a prefecture), whereas the cases of low and high size in the construction sector
appear more convergent, addressing avenues of further research for testing this
hypothesis.

Next, the second most significant predictor is the number of tourists overnight
accommodation (toa), showing also a negative coefficient across all cases, which,
however, absolutely decreases across the logit groups. This outcome supports the
hypothesis that prefectures with an increased touristic demand are more likely to
experience high levels of variance in their building activity, however, this engine is
possibly implemented through decreasing returns of scale (as the decreasing coeffi-
cient across logit groups may illustrate) implying that tourism growth may stabilise
vba. In terms of regional policy, this outcome can instruct policy-makers in Greece
to rely on tourism development motives as a stabiliser of variability observed in
building activity, thus highlighting that the concrete industry/sector in a country,
as tourism is for Greece (Polyzos, 2019; Tsiotas et al., 2021; Sdrolias ef al., 2022),
can operate towards inequalities’ convergence to other sectors also (obviously
based on the level of the basic industry’s integration in the economic structures).
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Finally, the share of the services industry to the total GDP of each prefecture (srv)
can be also considered statistically significant, having a positive coefficient in all
cases, increasing, and afterward decreasing, in an inverse U-shaped context, as
previously described. This outcome first indicates that the tertiary specialisation
in a prefecture is negatively associated with the variance of building activity, de-
scribing a competitive relationship between these variables (describing that spe-
cialized in the tertiary sector prefectures are less likely to have high variability in
vba). In a more detailed context of the inverse U-shaped pattern, we can assume
that intermediate stages of tertiary growth appear this time more convergent in
terms of their building activity, describing that low and high specialized regions
in the tertiary sector are described by a higher entropy in their variability.

5. CONCLUSIONS

The empirical econometric analysis presented in this article has indicated several
critical factors which may influence the relative stability of economic activity in
the building sector in Greece. Overall, when medium (yellow colored) class re-
gions are also considered, it can be observed that regions with below the medium
average building activity are scattered throughout the Greek territory, shaping al-
most an even pattern of dispersion regardless of geomorphology (insular, coastal,
mainland, and mountainous). A composite “%-shape” (composed of the central arc
and clusters from both sides) spatial pattern of high average building activity was
detected as an effect of demographic concentration (to the extent that the metropol-
itan regions of the country are concerned), tourism development (as far as tourism
developed insular and coastal prefectures are concerned), and mainland geomor-
phology related to a high specialisation in the primary sector. To the extent that
the building activity is related to regional development, it can be observed that the
potential drivers of this spatial configuration are the major drivers (i.e., population,
tourism, and agriculture) stimulating regional development in Greece.

The regression analysis showed that the level of economic activity in each pre-
fecture, as measured by the prosperity level of its residents, is positively connected
to the variance of its building activity sector. Greater urban population density plac-
es a prefecture in the medium and high categories of building activity variance. Pre-
fectures with increased touristic demand are more likely to experience high levels of
variance in their building activity. The size of the construction sector in a prefecture
is positively associated with the variance in its building activity volume.

Generally, these results on building volume variability can be useful to proper-
ty planning and land use policy decision-making in reducing economic forecast-
ing uncertainties: by helping to understand more clearly where to stimulate build-
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ing production growth by providing a flexible business environment for capital
investments in building development; by assisting in the determination of the ad-
vantages and the limitations of different regions that have attracted but also failed
to attract building construction investors; and by enhancing the apprehension of
the strengths and weaknesses of current spatial variations in attempts to develop
sustainable development strategies.

This study focuses on investigating spatial differences in the variability of the
Greek building activity based on statistical data for the third prefectural (NUTS-
IIT) level. In future research, the introduced methodology could be implemented
to explore spatial differences in the variability of specific prefectures building
activity at the fourth territorial level, i.e., at the first level of Local Administrative
Units (LAU-I) for Greece.
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