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Preface

This Reprint is the result of a collaborative effort by scientists from diverse regions of the
world, aiming to highlight the relationships and interdependencies between demographic factors
and economic development at both local and regional levels. The motivation for this work lies in
the need to illuminate these critical issues and to propose scientifically grounded solutions—through
empirical research and analytical models—that can support policies designed to improve the living
conditions of modern societies. Ultimately, the goal is to contribute to a fairer distribution of resources
and to reduce the challenges faced by communities, particularly at the regional and local levels.

It should be emphasized that the analyses and proposals presented in this Reprint are not
limited to the specific areas examined. Rather, they are relevant to other regions confronting similar
challenges, thereby broadening the applicability and enhancing the value of this publication. In this
sense, the Reprint can serve as a useful resource for scholars, educators, and policymakers seeking to
advance and disseminate knowledge—a process that fosters social and economic progress.

Overall, I believe that this Reprint constitutes a significant contribution to the systematic
exploration of critical contemporary issues in research and science, and to the formulation of policies

capable of addressing them effectively.

Kostas Rontos
Guest Editor
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Editorial
Demographic Trends and Regional Development

Kostas Rontos

Department of Sociology, University of the Aegean, 81100 Mytilene, Greece; k.rontos@soc.aegean.gr

The contemporary evolution of scientific thought and research is increasingly char-
acterized by efforts to investigate and address problems whose origins extend over long
historical periods, often spanning several decades. Among these problems, regional in-
equalities at multiple spatial and social levels occupy a central position (Petrakos et al.,
2023; Rontos et al., 2023; Toth & Nagy, 2023; Schenone et al., 2025). These disparities
have become progressively more pronounced due to the persistent unequal distribution of
wealth and the uneven access to technology and knowledge—conditions shaped by the
productive structures and social relations of the modern capitalist system and the processes
of globalization. It is further noted that economic inequalities are closely intertwined with
social inequalities, which continue to sustain recurring crises of longer duration than in the
past, especially where levels of social cohesion and social capital are comparatively weaker
(Rontos et al., 2022).

Economic development is therefore not solely associated with an increase in produc-
tion. Rather, it is linked to the sustainability of development trajectories, the integration
of social development into the broader concept of progress, the preservation of natu-
ral resources, and the equitable distribution of developmental benefits. It also requires
balancing urban and rural development, maintaining a resilient workforce and a well-
functioning local labor market, and safeguarding agricultural production to ensure food
security—particularly in disadvantaged regions affected by resource scarcity or geopoliti-
cal instability.

Demographic trends are also unfavorable, especially in the Western world. Indeed,
in many Western countries demographic developments have become increasingly unfa-
vorable, undermining dynamic economic growth and, in the long term, the viability of
affected societies. The inability of countries such as Greece, along with many other Euro-
pean countries, to stabilize and increase their population size and raise fertility levels over
recent decades has resulted in depopulation, persistently low birth rates, and accelerated
population aging. Without the inflow of migrants and refugees from third countries, the
extent of both the quantitative and qualitative demographic decline would be even greater.
Under these conditions, demographic policy has often proven inadequate, fragmented, and
short-sighted.

The interdependence between demographic and economic development is particu-
larly evident at the regional and local levels, where inequalities between advantaged and
disadvantaged areas become most visible. The roots of demographic decline are primarily
socio-economic, and a shrinking or aging population cannot serve as a foundation for
sustained development.

The evolution of demographic components—fertility, mortality, and migration—is
closely linked to broader social and economic structures, as captured in the widely applied
demographic transition model. According to this model, birth and death rates decline grad-
ually through a series of five phases as living standards rise, health conditions improve, and
social norms regarding gender roles, marriage, and family size undergo significant changes.

Economies 2025, 13, 349 https://doi.org/10.3390/economies13120349
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A decline in births within a given geographical area may occur either because the num-
ber of individuals of reproductive age diminishes or because fertility levels decline among
those who remain. For instance, the large-scale post-war migration from Greece to overseas
destinations and Western Europe significantly reduced the size of reproductive-age cohorts;
between 1961 and 1977, 1,044,753 permanent and 1,075,007 temporary migrants—largely
young adults—left the country (Rontos et al., 2024a). From the perspective of fertility, a
major structural cause of decline is the transition from rural, agrarian societies to industrial
and urbanized ones. This transition transformed the role of the traditional family, reducing
the social and religious pressures—especially on women—to marry early and have multiple
children. As a result, modern demographic patterns emerged, characterized by declining
marriage and birth rates, rising divorce rates, and increased migration from less developed
to more developed countries.

Secondary factors associated with industrial and post-industrial societies further
constrain fertility. These include the changing roles of women, extended participation of
young adults in education, the near-universal integration of women into the labor market,
and the rise in individualism and consumerism, which discourage the assumption of long-
term familial obligations at younger ages. Recent labor market instability, which limits
young people’s access to stable and secure employment, constitutes an additional barrier
to marriage and childbearing. The postponement of childbearing into one’s thirties also
creates biological constraints. In contexts where family and fertility policies are insufficient,
inconsistent, or poorly targeted, demographic problems persist and intensify (Reynolds &
Mansfield, 1999; Oinonen, 2004; Rontos et al., 2024b).

The continued deterioration of demographic conditions gradually leads to social re-
gression and economic stagnation as workforce renewal becomes increasingly difficult;
social insurance systems face structural challenges; and public infrastructures such as edu-
cation and health services are underutilized, increasing per capita costs. Local resources,
particularly in rural and remote areas, are abandoned; returns on investment decline; tech-
nological capabilities weaken; and national defense capacities may be reduced. Over the
long term, opportunities for innovation, technological advancement, and the introduction
of new ideas diminish as these processes depend heavily on the presence and dynamism of
younger generations. The negative interaction between demographic decline and economic
underdevelopment operates cumulatively and cyclically.

Against this broader backdrop, the present reprint aims to illuminate the interde-
pendence between demographic evolution and regional development across diverse ge-
ographic contexts. The included articles employ contemporary demographic analysis
alongside methods from regional science to examine demographic challenges and eco-
nomic prospects in the regions studied. Their objective is to inform policy interventions
capable of addressing local needs and enhancing societal well-being.

Specifically, the contributions examine the need for a transition from traditional eco-
nomic development models to frameworks emphasizing socio-environmental sustainabil-
ity; analyze the population structure of Greece at the local level and the corresponding need
for policies to reduce inequalities; investigate regional labor force disparities in West Vir-
ginia, USA; assess the impact of demographic change on the sectoral structure of economic
activity in Greece; explore the relationship between regional accessibility and population
change in Italian communities; analyze the connections between urban sprawl and eco-
nomic development in the Athens Metropolitan Area; present a regional input-output
analysis of Thailand’s tourism system influenced by COVID-19; and examine the threat of
water scarcity to food security in the Euphrates-Tigris River Basin in the Middle East.

The thematic diversity and geographical breadth of these studies—spanning both
developed and less developed regions—offer representative examples of the demographic



Economies 2025, 13, 349

and economic challenges confronting contemporary societies. They also provide policy
models and proposals that may be applicable not only to the regions examined but also to
other areas experiencing similar problems.

Conflicts of Interest: The author declares no conflicts of interest.
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Abstract: Being intertwined with economic development, urbanization determines the present
and future development path of regions and countries. The intimate relationship between urban
expansion and economic development is of particular interest in the case of large regions with complex
(and mostly non-linear) socio-demographic dynamics and a relevant primacy in the metropolitan
system of a given country. Typical examples of advanced economies with settlement systems
characterized by a high degree of city primacy are peripheral and disadvantaged European countries
such as Portugal and Greece. For instance, the administrative region of Attica—centered on Athens,
the Greek capital city—represents the largest metropolitan area of the country, hosting almost 3.8
million inhabitants in 2021 (36.2% of the Greek population). In this context, this study investigates
the internal redistribution of the resident population in metropolitan Athens and the progressive
development of satellite cities over a relatively longtime interval, testing the assumptions of the
Spatial Cycle Theory (SCT) between 1951 and 2021 and predicting future development paths up
to 2051. To investigate past, present, and future intra-regional population trends, we used data
released from decadal (1951-2021) censuses and demographic forecasts for the years 2031, 2041, and
2051. Being in line with the SCT, the empirical results of our study document how demographic
dynamics of individual centers influence largely—and independently—the long-term development
of metropolitan regions, both with policy/planning regulation and in conditions of non-intervention
(spontaneous urban growth).

Keywords: urban growth; economic cycle; immigration; satellite cities; Southern Europe

1. Introduction

A growing population in cities is the joint result of natural population growth and
(internal and international) immigration to urban areas (Haase et al. 2013). A multitude of
socioeconomic drivers and, likely more surprisingly, exogenous shocks that were hardly
predicted (e.g., wars, economic recessions, climate crises, pandemics) have influenced such
socio-demographic processes (Fielding 1982). Urbanization thus constitutes a complex phe-
nomenon intertwined with long-term development processes characteristic of any country
in the world (Findley 1993; Henderson 2003a; Niu et al. 2021). In this perspective, urban
expansion should not be regarded as a one-dimensional process (Black and Henderson
2003; Bai et al. 2012; Chen et al. 2014), reflecting long-term population redistribution paths
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with different intensities and spatial directions across metropolitan regions (e.g., Champion
1989; Cross 1990; Salvati et al. 2019). They include a relatively fast population growth in ur-
ban areas and the subsequent decline of the resident population in the densest settlements
(Henderson 2003b; Shaban et al. 2022; Antonoglou and Rontos 2023b). The Spatial Cycle
Theory (SCT), initially proposed by Klaassen (1981) and further developed by van de Berg
et al. (1982), aims at identifying and explaining sequential development stages of cities
in relation to their wider region of influence (namely, metropolitan regions or functional
urban areas). Based on SCT assumptions, urban areas are assumed to evolve according to
sequential stages, as follows:

‘Urbanization”: settlements develop at the expense of the surrounding rural space;
‘Suburbanization’: suburban settlements develop at the expense of urban cores;
‘Disurbanization”: urban populations decentralized towards satellite centers;
‘Reurbanization’: population in central locations start growing again after a long decline.

In the first stage, population and economic activities concentrate in central locations,
forming dense and compact cities (Angel et al. 2011; Turok and McGranahan 2013; Li
et al. 2021). The expansion of secondary and tertiary sectors downtown, alongside the
consolidation of the primary sector in peripheral locations, creates the conditions at the base
of the first stage of the SCT, namely, “urbanization” (Champion 2000). The promotion and
adoption of new economic standards and the attractive force of neighboring cities—in turn
shaped by external economies, infrastructure, and institutional factors—may consolidate
this development stage (Ji et al. 2020). With the inherent concentration of the population
and economic activities downtown, negative external economies begin to swell, and severe
traffic congestion occurs, delaying the movement of workers and the smooth trade of
finished products (Gross and Ouyang 2021). Lacking free space for the natural expansion
of production units, environmental pollution, and generally unfavorable living conditions
for resident populations constrain further settlement growth (Kuang et al. 2020).

In order to deal with this unfavorable context, middle- and high-income households
move to suburban locations with high environmental quality and favorable living condi-
tions, giving room to the second stage of the SCT, namely, ‘suburbanization” (Yang and
Zhao 2022). Free-standing businesses follow such tendency, especially service businesses,
since their executives (or customers) start experiencing a suburban life (Salvati and Sateri-
ano 2015). In other words, they move to a better environment, ensuring improved working
conditions and business prestige (Baker et al. 2000). The intrinsic movement of households,
businesses, and workers to suburban locations leads to land saturation, worse traffic issues,
environmental depletion, and the complete disappearance of traditional agricultural activi-
ties along the fringe (Sun and Zhang 2021). On the other hand, households and businesses
have left a significant part of core cities almost empty. In the longterm, this development
path has two implications, namely, (i) the latent shrinkage of economic activities downtown
and (ii) the occupation of abandoned (or free) spaces by illegal activities and social (or
ethnic) groups in consolidated (dense) settlements (Chen and Chi 2022). These effects often
result in a sort of “ghettoization” of metropolitan centers (Rontos et al. 2016). ‘Suburbaniza-
tion” is completed with the appearance of unfavorable conditions in saturated suburbs and
the movement of households to new (satellite) cities or new settlements with a high-quality
natural environment and more ideal living conditions (Antonoglou and Rontos 2023a).

Satellite cities thus become a key dimension of spatial planning, representing the
natural evolution of modern lifestyles and satisfying the needs of a continuously expanding
population into even larger metropolitan regions. Satellite cities share key functions with
traditional centers, while remaining partially independent (economically and socially)
from them, having, at the same time, their own urbanized area and absorbing part of the
growth of surrounding cities, as a result ofa deteriorated quality of life therein. As the
population of satellite cities increases, new settlements at an even greater distance from
central locations can be observed, strengthening their role in industry, job markets, and
local governance (Evans and Evans 2007). This path is recognized as the third stage of the
SCT, namely, ‘disurbanization’.
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The theory predicts a fourth stage (‘reurbanization’), where urban centers (namely, the
core cities) experience a slowdown in population decline, and ‘ghettoization” phenomena
become less intense (Lever 1993). The possibility of improving housing conditions down-
town, where old buildings are demolished and those in better condition are rebuilt, is an
important factor in this development path. Consequently, central locations have a new
wave of population growth, with declining trends in suburban places. In some cases, this
development reflects the reverse movement of households from suburbs to city centers.

Responding effectively to the spatial cycle of cities, urban policies should be formu-
lated accordingly and adjusted dynamically. For instance, decentralization policies can
prove ineffective in metropolitan areas undergoing ‘disurbanization’. At the same time,
urban regeneration policies should take account of the specific stage of the spatial cycle,
and development actions should be “pro-cyclically” adapted to demographic dynamics
over large metropolitan regions. The evolution of urban and regional centers, according to
the SCT (Kawashima 1986), is presented in Figure 1. Changing population in the core city
and in the surrounding suburbs is illustrated, respectively, on the horizontal and vertical
axes. In this graph, the cycle is illustrated with sequential waves (from the beginning to
the end of the circular development path), considering the stages described above and the
intermediate phases inbetween.

JRiNgG

i

4 3

Subarbanizatio

5 2

(—) Disurbanization Urbanization (+) .JCore

Type 6 I Reurbanization

7 8

Y

JCore - Absolute change in the population of the Center

~iRw1g . Absolute change in the population of the Suburbs

Figure 1. A graphical illustration of the four stages of the Spatial Cycle, and the intermediate devel-
opment waves (1 to 8), in a given metropolitan region. Source: authors” adaptation of Kawashima
(1986) drawings.

e ‘Urbanization” appears when the Cartesian Product of the above two quantities is
positive (“Type 1), namely, when urban population increases with a contemporary
decline of suburban population (the so-called, ‘absolute urbanization’). In the Type 2
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development class, the populations of both areas increase, with a slowing growth rate
involving urban settlements and an accelerating rate observed in suburban locations
(the so-called ‘relative urbanization”).

e  ‘Suburbanization’ corresponds to a Type 3 development (the so-called ‘relative sub-
urbanization’), where urban population increases at a slower rate and suburban
population increases at an accelerated rate; meanwhile, Type 4 development implies a
population decreasing in central locations with uneven suburban growth (the so-called
‘absolute suburbanization’).

e ‘Disurbanization” occurs when the Cartesian Product of population changes is clas-
sified as Type 5 development (the so-called ‘absolute disurbanization’); central set-
tlements continue experiencing an even more accelerated decline, while the suburbs
display a slowdown in population growth. Type 6 development (the so-called ‘relative
disurbanization’) sees the centers continuing the sharp loss of resident population,
with decreasing populations also in the suburbs, for the first time since the beginning
of the cycle.

e The wave displaying a moderate regrowth of central locations is detailed in Type
7 development (the so-called ‘relative re-urbanization’), with core cities showing a
decelerated population decline and the suburbs evidencing an accelerated decline;
Type 8 development (the so-called ‘absolute re-urbanization’), implies a net increase
in central populations, and suburbs display a net slowdown of population decline.

Taken together, regional population (core city and suburbs) increases during ‘urbaniza-
tion” and ‘suburbanization’, while decreasing in favor of outer satellite settlements during
the subsequent stages of ‘disurbanization” and ‘reurbanization” (Vining and Kontuly 1978).

With the framework of the SCT, Noordstrom (1981) investigated local-scale urban
growth patterns and processes extensively, evidencing demographic changes vis-a-vis
sequential developmental stages of a given city. Accordingto the SCT, population, set-
tlements, and economic activities are assumed to be significantly influenced by a mix of
regional development and socio-cultural and politic/institutional changes at the local scale
(Kontuly and Geyer 2003). Noordstrom also argued that when a society develops, all the
activities that affect employment—and, consequently, the spatial structure of populations
and settlements—undergo (more or less intense) changes articulated into various stages.
Consequently, the effect of environmental conditions and local policies, which constitute
the basic drivers of population structure and dynamics in modern societies, can be delin-
eated and interpreted in a broader perspective of regional growth. The impact of policy
and planning is also emphasized in light of the SCT (Korcelli 1986).

Based on this assumption, this study implements a spatially explicit interpretation
of metropolitan growth and decline over a sufficiently long time interval, considering
population change at the local level as an honest measure of regional development paths,
taking account of the ‘intensity’ and ‘spatial direction” dimensions jointly (Geyer and
Kontuly 1993). We specifically tested the assumptions of the SCT delineated above, moving
from a regional to a local approach that considers together population dynamics at the
core, the suburban and satellite locations (Kontuly 1992). Informed by a seminal study
of Noordstrom (1981), this local-scale approach incorporates theoretical and empirical
evidence from a relatively broad literature of urban geography and applied economics
since the late 1980s.

At the local level, we assume urban structure to be basically depending on (i) land,
namely, the available space per inhabitant, and (ii) population size, namely, the total number
of inhabitants or, better, population density. With this perspective in mind, the empirical
analysis of urban development may benefit from the comparative scrutiny of population
change over time and space, as available at an appropriate geographical unit from general
censuses (Aplerovich 1983; Schwizer 1985; Kawashima 1986). Regardless of the variable’s
choice (e.g., Kontuly and Tammaru 2006) or the level of analysis of urban development,
a systematic verification of the SCT is achieved by dividing the urban area into distance
zones from a central point of the core city and grouping the population residing in the



Economies 2024, 12, 202

municipalities (or settlements) falling within these zones, in line with mainstream empirical
studies (e.g., Morelli et al. 2014).

The following analysis’s step consists in an explicit examination of population growth
(and decline) in aggregated districts within a given time period. This empirical test is
grounded on a seminal application by Noordstrom (1981), who divided the city of Gothen-
burg into communities, grouping them based on their distance from downtown and
studying the evolution of population density for these communities over a relatively long-
time interval, encompassing 60 years. In the same line of thinking, Kawashima (1986),
in a study of the development stages in the Tokyo metropolitan area, classified the city
into urban and rural zones—according to their distance from downtown—and analyzed
population changes in these zones during nearly 30 years. Stemming from the empirical
conclusions of the above-mentioned studies (Vining and Kontuly 1977), our work is aimed
at demonstrating how the highest value of the target variable (population density, in the
present case) is observed first at small distances from a central point of the core city and,
progressively on subsequent times, moving farther away from downtown.

Taken as a purely mono-centric model of regional growth (as extensively documented
in earlier studies), we adopted metropolitan Athens in Central Greece as an appropriate
case study when investigating and predicting the inter-urban movement of the resident
population over time. Besides Istanbul, Athens—the Greek capital city—is one of the
largest and economically powerful centers in the north-eastern Mediterranean arc (Egidi
et al. 2020), having a very complex development path driven by a kaleidoscopic mix of
internal factors (demographic dynamics, planning constraints, social forces) and external
shocks, which include—but are not limited to—the Turkish—Greek war in the early 1920s,
World War II and the consequent civil war in Greece, the intense rural exodus of the 1960s
causing internal migration mainly toward Athens, the accession to the European Union
in the 1980s, the Olympic decade of the 1990s, the economic decline of the late 2000s, and,
finally, the COVID-19 pandemic. Together with census data, our study—likely for the
first time in the literature—offers a reasonable perspective of future development paths
based on population projections interpreted in light ofthe Spatial Cycle Theory, taken
as an operational contribution to spatial planning and local development policies (Vinci
et al. 2022). Reconnecting past, present, and future population dynamics in a local-scale
perspective typical of urban analysis represents the original contribution of this study to
regional science.

2. Methodology

This study investigates the sequential stages of the spatial cycle in metropolitan Athens
(Central Greece) in line with the original formulation by Klaassen et al. (1981) and the
extension by Kawashima (1986). The study area was extensively described by Salvati et al.
(2018), Zambon and Salvati (2019), Zambon et al. (2019), and Salvati (2023). Metropolitan
Athens was divided into a few concentric zones at aincreasing distance from downtown
(0 to 6 km, 6 to 12 km, 12 to 18 km, 18 to 42 km, 42 to 60 km), considering Constitution
Square (Plateia Syntagmatos) as the city center. In cases where a given municipality
belonged to two neighboring zones, it was classified to be within the zone where most of
its surface area exists.

The evolution over time of the resident population was thus investigated separately
in these zones by aggregating municipal data derived from decadal censuses, which
allowed for a thorough clarification of spatial cycle timing (Cecchini et al. 2019). Following
earlier studies (Rontos and Papadaskalopoulos 1994; Rontos et al. 2006; Morelli et al. 2014;
Ciaschini et al. 2023), the intra-metropolitan population net balance (growth vs. decline)
was calculated on a decadal time interval during the period 1951-2021. Additionally,
the total population at the municipal level was projected for the years 2031, 2041, and
2051 using the exponential rate of population growth during the most recent inter-census
period (namely, 2011-2021). The method used assumes that population growth is not
constant, reflecting an exponential function of time (Siampos 1993). This approach is taken
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to be fully appropriate for population forecasts according to demographic methodologies
(e.g., Papadakis and Tsimpos 2004). More precisely, the econometric specification used is
as follows:

Ph=1+1)"Py4

where n is the time period between n — 1 and n, r is the mean population growth rate
between n — 1 and n, P, is the population to be projected at time n, P,_1 is the population
at time n — 1; and the term (1 + r) is recalled as the growth multiplier, or common ratio.

Together with metropolitan Athens, the study area included the satellite cities of
Thebes (Thiva), Halkida (Chalkida), and Corinth (Korinthos) as a novel contribution to the
empirical verification of the SCT in Central Greece. Based on the empirical observation of
census data and demographic predictions, this study covers a relatively long time period
encompassing exactly one century (1951-2051), intended as a meaningful tool for regional
policy and spatial planning in Greece, with implications for similar countries in Europe
and outside the old continent. Metropolitan Athens was initially partitioned into sub-areas
according to the most recent statistical and administrative system enforced in the country,
namely, the wider area of Athens’s conurbation (including the municipality of Athens,
Piraeus, and the surrounding districts) and the rest of the administrative region of Attica.
This spatial division was considered basically appropriate to ensure a full compatibility
of population trends over the selected geographical units from 1951 to the present time.
Microsoft Excel 2016 spreadsheets, SPSS v.26 statistical package, and GeoDa 1.22.0.4.9
geographical tools were used to process the empirical results of this study.

3. Results

Athens’s spatial cycle is illustrated in Figure 2 based on long-term population dynam-
ics. As described in the methodological section, the X-axis and the Y-axis of the graph,
respectively, measure the absolute change in urban and suburban populations over the
studied decades. The points representing the following decades (1951-1961, 1961-1971,
1971-1981, 1981-1991, and 1991-2001) are classified within the third quadrant of the spatial
cycle graph, corresponding to a Type 3 development path. This suggests that suburbs
around Athens developed continuously between 1951 and 2001. Coherent with a Type 3
development path (‘relative suburbanization’), both urban and suburban populations in-
creased. During the subsequent decades (2001-2011 and 2011-2021), the Cartesian Product
of the population change in the two regions moved to the fourth class of the spatial cycle.
This path reflects a Type 4 development (‘absolute suburbanization’), with the downtown
population decreasing while the suburban population increasing at an accelerated rate. As
a whole (core plus suburbs), the region continued growing in terms of population. Finally,
based on population forecasts for the decades 2021-2031, 2031-2041, and 2041-2051, the
Cartesian Product of the changes marginally returned to the third side of the spatial cycle
graph. These results suggest how metropolitan Athens could experience a new wave of
Type 3 development in the next years, possibly mixing ‘relative suburbanization” with a
moderate (demographic) recovery of core cities.

The spatial direction and intensity of suburban development across geographical areas
result from the empirical data analyzed in Table 1. Downtown Athens and Piraeus (namely,
the city with the largest harbor in Greece) were constantly reducing their share in the total
population of the whole area. Their demographic role halved between 1951 (36.3%) and
2021 (18.9%) for Athens, and reduced even three times for Piraeus in the same time interval,
from 12.6% to 4.9%. At the same time, Western Attica suburbs showed a significant increase
in their population share, which reflects a faster demographic increase in respect of the core
city, with the highest rate (17.1%) observed in 1971, the year when the maximum urban
concentration was observed (Salvati 2023).
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Figure 2. Circular diagram of the spatial cycle in metropolitan Athens, 1951-2051. Source: authors’
elaboration on population census data (ELSTAT).

Eastern suburbs’ population weight in total area increased as well from 5.4% (1951) to
14.9% (2021), highlighting a rapid—and almost continuous—development process. The
most remote areas of both Eastern and Western Attica (the so-called ‘rest of Attica’) also
increased their demographic weight since 1991 or 2001. As a novel issue, the satellite
cities of Thebes, Halkida, and Corinth (situated outside metropolitan Athens) showed a
relative stability in their demographic weight following a moderate stagnation (1961-1991).
In other words, the contribution of such satellite cities to population deconcentration in
metropolitan Athens was modest or null, likely because of restricted accessibility and less
effective transportation services, both public and private (Rontos and Papadaskalopoulos
1994). This may be explained by the insufficient industrialization of satellite cities and their
modest tourism specialization, despite the presence of important archeological sites. A
systematic classification of the study area by concentric zone using linear distance from
downtown Athens allows for delineating local development paths against the dominant
regional growth pattern (Figure 3).
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Table 1. Percent share of resident population in total population by administrative unit (1951-2021).

YEAR
ADMINISTRATIVE UNITS 1951 1961 1971 1981 1991 2001 2011 2021
City of Athens (downtown) 36.3 30.7 31.1 26.6 21.5 22.5 19.3 18.9
Department of Athens, except Athens ! 8.6 10.0 10.5 115 10.9 11.2 10.6 10.5
Ez 5 City of Piraeus (downtown) 12.6 9.3 6.7 5.9 5.0 5.2 4.8 49
§ gb Piraeus Department, except Piraeus 2 16.8 18.1 17.8 19.5 20.0 19.3 19.0 189
Western Attica District Department 3 9.5 154 17.1 16.9 16.7 14.3 14.3 14.0
Eastern Attica Department of Transport * 5.4 7.1 7.8 10.3 12.6 121 14.5 14.9
ST Department of Piraeus 13 11 0.9 0.8 11 2.0 2.2 2.0
7z é < Department of Eastern Attica © 3.3 3.0 3.0 3.4 6.2 59 7.1 7.3
S Department of Western Attica ” 2.4 2.9 2.6 2.9 2.9 4.3 47 49
E’gteirer;al Thiva, Chalkida, Corinth 37 2.9 2.6 2.9 2.9 3.1 35 3.6
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: authors’ elaboration on population census data (ELSTAT). Notes: ! Municipalities of Byronos, Galatsiou,
Dafni, Zografou, Iliopolis, Kaisariani, Nea Philadelphia, Nea Chalkidonos, Tavrosand Ymittos; 2 Municipalities of
Agios Dimitrios, Agios loannis Rentis, Alimos, Argyroupolis, Voula, Vouliagmeni, Glyfada, Drapetsona, Elliniko,
Kallithea, Keratsini, Moschato, Nea Smyrni, Nicea, PalaioFaliro, Perama, and Vari, except Piraeus; 3 Munici-
palities of Agia Varvara, Agios Anargyro, Aigaleo, Kamatero, Korydallos, Neo Liosion, Peristeri, Petroupoles,
and Chaidari; Municipalities of Agia Paraskevi, Amarousi, Vrilissi, Heraklion, Kifissia, Melissi, Metamorfosis,
Nea Erythraia, Nea Ionia, Neo Psychiko, Papago, Pefki, Philothei, Chalandrio, Cholargo, Psychiko, and Ger-
akaandCommunities of Ekali, Lykovrisi, Nea Penteli, and Penteli; 5 Municipalities of Aegina, Salamina, and
Hydra (urban and semi-urban areas of over 5000 inhabitants); 6 Municipalities of Avlonos, Acharnon, Keratea,
Kropia, Lavreotiki, Marathon, Markopoulou Mesogaia, Nea Makri, Paiania, Pallini, and Spaton—Loutsa and
Communities of Agios Stefanos, Artemis (Loutsa), Glykon Neron, and Oropou (urban areas and semi-urban
areas over 5000 resident); 7 Municipalities of Aspropyrgos, Vilia, Elefsinos, Erythron, Mandras, Megareon, Ano
Liosion, Zephyrio, and Fylis and Community of Nea Peramos (urban areas and semi-urban areas with more than

5000 inhabitants).

" 1951

2021

2051

(] Low Density Pop.  [__] Medium Density Pop.

@ High Density Pop.

@B Very-High Density Pop.

Figure 3. Population density in metropolitan Athens (1951, 2021, 2051) by concentric belts reflecting

the linear distance from Plateia Syntagmatos, downtown Athens (km). Source: authors’ elaboration

on population census data (ELSTAT).

Table 2 shows the evolution of the total population by concentric zone as defined

above. The empirical results of this analysis delineate some important conclusions on the
evolution of Athens’s population.

Additionally, Table 3 displays the rate of population change by concentric zone. A

spatial shift inthe highest population change rate was initially observed from central zones
to peripheral ones. In the zone 0-6 km away from downtown Athens, the highest rate

of population change occurred during 1961-1971 (36%). Interestingly, the highest rate of
population change occurred one decade earlier (1951-1961) in the zone 612 km away (35%).
Conversely, it was observed only during 2001-2011 (57%) for the concentric zone 12-18 km

away from downtown. The highest value of change observed in metropolitan Athens’s
population during 1961-1971 could be justified by intense internal migrations from rural
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Greece. However, considering the relative differences instead of absolute differences in a
comparative perspective, it was noted how the second belt (612 km) grew fastest in the
period 1951-1961, while the third belt (12-18 km) grew fastest in the subsequent period
1961-1971 (41%), totalizing a very high demographic increase also during 1971-1981 (40%),
1981-1991 (33%), 1991-2001 (30%), and 2001-2011 (57%). Altogether, these results may
confirm the assumptions of Kawashima’s SCT.

Table 2. Population of metropolitan Athens by concentric zone (km from downtown Athens) for the
time period 1951-2051; “Total’ refers to metropolitan Athens.

Zone Municipality 1951 1961 1971 1981 1991 2001 2011 2021 2031 2041 2051
0to6 20 850,435 1,123,027 1,595,901 1,817,059 1,681,767 1,691,532 1,524,167 1,495,483 1,536,981 1,647,730 1,738,579
6to12 30 469,713 664,044 870,866 1,081,506 1,169,646 1,263,788 1,387,862 1,383,114 1,520,668 1,711,178 1,877,768
12t0 18 20 77,784 108,838 162,675 241,589 335,012 450,349 704,932 728,439 941.005 1,339,063 1,662,083
18 to 42 46 97,993 113,369 131,619 178,288 244,250 312,791 203.405 199,636 256,810 353,416 434,902
42 to 60 1 4286 4170 3879 4973 6017 5933 8068 7392 10,578 17,000 18,904
Total 117 1,500,211 2,013,448 2,764,940 3,323,415 3,436,692 3,724,393 3,828,434 3,814,064 3,961,586 4,044,785 4,123,847
Source: authors’ elaboration on population census data (ELSTAT).
Table 3. Rate of population change by concentric belt (km), 1951-2051.The highest rate for each belt
is marked in bold. “Total” refers to metropolitan Athens.
Concentric Belt ~ 1951-1961  1961-1971  1971-1981  1981-1991  1991-2001  2001-2011  2011-2021  2021-2031  2031-2041  2041-2051
Oto6 28 36 13 -8 1 -10 -2 3 7 6
6to 12 35 27 22 8 8 10 0 10 13 10
12to 18 34 41 40 33 30 57 3 29 42 24
18 to 42 15 15 31 32 25 -35 -2 29 38 23
42'to 60 -3 -7 25 19 -1 36 -8 43 61 11
Total 30 32 19 3 8 3 0 4 2 2

Source: authors’ elaboration on population census data (ELSTAT).

Nevertheless, it should be noted that the outermost belts of 18 to 42 km and 42 to
60 km show a notable population increase only in the time interval 1981-2011. During
the decade 1981-1991, the largest increase in population concentrated in peripheral belts,
especially in the 18-42 km zone, which almost equaled the expansion of the previous
zone (32%), while it “‘tookoff” between 2001 and 2011 in the 42-60 km concentric zone. A
possibly unexpected development path was also observed in the 42-60 km distance belt
between 2001 and 2011, against a negative population growth in the previous decade (—1%).
Population stabilized in the subsequent decade 2011-2021, likely because of economic crisis,
the COVID-19 pandemic, geo-political tensions, and inflation rise. However, the intense
decrease in the resident population of the 18—42 km belt between 2001 and 2011 (—35%)
was hardly explained bythe above-mentioned reasons. Althoughconsidered with caution,
population forecasts indicate a significant growth of the outermost zones, likely stabilizing
after 2041.

4. Discussion

Long-term development stages of metropolitan Athens were investigated in this study
according with the Spatial Cycle Theory (Klaassen et al. 1981; van de Berg et al. 1982;
Kawashima 1986). The main conclusion of this empirical application is that the area ex-
perienced a prolonged suburbanization stage, initially assuming the development type
of ‘relative suburbanization'—whichwas maintained, almost continuously—during the
second half of the 20th century, with the downtown population growth slowing down and
an accelerating growth of the suburban population. In the first two decades of the 21st
century, thedevelopment type of ‘absolute suburbanization” emerged and consolidated,
with a decreasing downtown population and a moderate increase inthe suburban popula-
tion. Population forecasts finally indicate a new shift toward ‘relative suburbanization’,
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reflecting a moderate recovery of downtown Athens. The demographic and economic
recovery of inner Athens can be justified byintrinsic changes in the structure of regional and
local productions and activities, mainly leveraged by technological improvement, better
accessibility, the growth of high-income sectors (such as finance, research and development,
and real estate), and tourism concentration (Rontos and Vavouras 2013).

Information technology, urban sustainability, and new lifestyles (e.g., digital nomads,
long-term rental of Airbnb-style housing, changes over time in energy and transport costs)
may bring economic activity back to city centers and the surrounding areas. The concen-
tration of foreign immigrants and refugees downtown in Athens is an additional engine
of such development paths, considering that, in 2021, the Attica region hosted 45% of-
thetotal foreign population in Greece. Migrants settled in downtown Athens because of
cheaper housing rents, public transportation, a relatively large opportunity for collective
accommodation, social benefits from state agencies or municipalities (e.g., social housing,
state pharmacy, public and free medical doctors), and concentration of nationals, form-
ing well-known ’ghettos’—in the districts of Omonia, Metaxourgiou, Pedion ton Areos,
and Mavromateon).

According to Mading (2004), negative externalities have an impact on properties and
jeopardize social goals. In the case ofAthens, this can be briefly explained as follows:
middle-class families leave inner cities and look for suburban districts with single-family
houses or more spacious apartments, while minority or even delinquent groups are concen-
trated in the city center (e.g., ‘ghettoization’);meanwhile, population increase, changes in
household structure, and higher demand for large housing, resulting from income growth,
further expand the supply of more settlements in suburbs (Rontos and Roumeliotou 2009).
The spatial expansion of residential areas leads to an ever-increasing demand for built-up
space, with important ecological consequences (Rontos et al. 2014). Despite a moderate
demographic recovery of inner cities forecasted for the coming decades, the main feature
emerging from the analysis is a persistent suburban dynamic over a relatively longtime
interval. The results of recent censuses may confirm such assumptions, although one would
expect a transition to the next stage of the spatial cycle due to the demographic saturation of
suburbs. On the basis of such evidence, the Spatial Cycle Theory predicts the emergence of
a third stage (‘disurbanization’), with the development of progressively remote settlements.
As Noordstrom (1981) noted, the vertical profile of Athens’s suburbs, with the continuous
replacement of single-family houses into multi-story buildings, may document the con-
tinuous absorption of an even expanding population. Although the urbanization trend
continues at a weaker pace, suburbs continue growing in both population and activities.

Since the early 1990s, the entry of a large number of immigrants into Greece has signif-
icantly affected the regional distribution of the total population in the country, especially in
metropolitan Athens. In 2001, 324,167 immigrants out of 413,201 (78.5%) settled in urban
areas, and 60.6% of them (196,392 immigrants) were concentrated in metropolitan Athens.
The same data source reveals that 2764 (94.6%) immigrants who declared themselves as
refugees out of 2920 individuals settled in urban areas. The 2011 population census gave
the same picture. Of the 329,556 foreigners who settled in Greece in the period 2006-2011,
244,410 (74.2%) were concentrated in urban areas. The redistribution of regional popu-
lation in response to migration flows was evident from the official statistics concerning
Greece. In the last decade, apart from a short break concomitant with the great recession,
and especially after 2015, Greece again experienced a significant influx of refugees, mainly
through Eastern Aegean islands (Samos, Lesvos) and the Evros region (Turkish boundaries).
A significant number of refugees moved to metropolitan Athens, either individually or
as organized by the State and Non-Governmental Organizations. A significant part of
all the above movements was directed to downtown Athens, but another non-negligible
portion of movements involved the surrounding suburbs, depowering the ‘ever-green’
suburbanization stage.

The concentration of public and private sector services in Athens (Ministries, Deputy
Ministries, Headquarters of the Armed Forces, Security Forces, Administrative Services,
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Hospitals, Banks) operated competitively with the housing needs of a slightly growing
population and contributed to additional movements of residents to the suburbs, in turn
eliminating late suburbanization. The result of ‘suburbanization’ (either absolute or relative)
is the persistence of external negative economies (e.g., traffic jams). The lack of space
for the expansion of business facilities (especially extensive activities such as storage
or distribution of products) appears together with air pollution and unfavorable living
conditions (Antonoglou and Rontos 2021).

Moving toward a sub-regional perspective, an intense population growth occurred
in both eastern and southern suburbs near the core city, where middle and upper classes
settled. However, intense growth was also recorded in less expensive western suburbs,
where the working class has systematically settled since the 1950s. Since the early 1990s, the
most distant suburbs of Eastern and Western Attica started growing and displayed some
trends toward remote development. The satellite cities of Thebes, Corinth, and Halkida, at
a distance between 70 and 80 km from Athens, do not seem to attract intense flows from
the Greek capital city.

A systematic implementation of the spatial cycle carried out in this study suggested
some future directions of empirical research in urban studies and applied economics. A first
issue is with regardtothe partial lack of geographic comparability in population statistics
before and after the First World War in Greece because of intense administrative changes in
municipalities and local communities. In such times, extraordinary events—such as the
influx of a number of refugees from Asia Minor in 1922 and from rural areas following
the civil war of the late 1940s—merit a specific investigation in the context of the SCT, but
the available data provide only an aggregate picture that cannot satisfy the information
demand of spatially explicit techniques. This lack limits the historical verification of the
SCT over two centuries, namely, from the foundation of the modern Greek state around
1830, when Athens settled only 30 thousand inhabitants, after centuries of abandonment
and peripheral development under the Turkish domination.

Testing the SCT from the ‘foundation” of a city is a particularly meaningful quasi-
experiment. AlthoughAthens was one of the most ancient cities in the world, the secular
Turkish domination created a breakdown between the historical city dynamics and the
modern ones, with this study clearly reflecting only the latter dynamics. The inherent
comparability in population data was addressed with separate calculations in the context of
this study, as the radical administrative changes that came to Greece with the Kapodistrias
and Kallikratis Plan made the aggregate data released within the most recent population
censuses as only partly comparable over time and space. Given the recognized usefulness
of a spatially explicit analysis, the competent Statistical Authority (ELSTAT, in our case)
should operationally address this issue (e.g., Robinson et al. 1993).

Finally, as a continuation of this study, further research could be carried out based
on a refined investigation of sequential waves of growth and decline (e.g., Newsham
and Rowe 2023). For instance, the results of a multi-way factor analysis taking into
account variables such as inflow/outflow of immigrants, births, deaths, health status,
life expectancy, and quality-weighted life years, may shed further light on the future
development of metropolitan Athens and, for generalization, of many other European
cities and regions. The use of Moran’s coefficient or other indexes of spatial autocorrelation
may refine such kind of analysis. Statistical analysis may specifically shed light on (mostly
unresolved) critical issues to be answered, e.g., whether (and when) latent downtown
redevelopment trends will lead to a smooth transition toward ‘re-urbanization’ or to a less
predictable evolution toward ‘disurbanization’.

In this perspective, the evolution of the spatial cycle in metropolitan regions revealed
to be particularly important when formulating regional policy, since urban centers have
their own dynamics and evolve even in conditions of non-intervention. Despite partial
and possibly preliminary, the results of our study indirectly suggest how decentralization
policies are partly ineffective in both urban containment and local development leverage,
especially during of the third stage of the spatial cycle (‘disurbanization’). Similarly,
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the fourth stage of the spatial cycle (‘reurbanization’) may impact the effectiveness of
urban regeneration policies. Assuming a long-term development path reflecting intense
urbanization, saturation of vacant land, and subsequent decentralization pulses, departures
from the traditional assumptions of the SCT contribute to the informed formulation of
urban planning strategies and specific regional policy measures.

5. Conclusions

Analysis of demographic dynamics between urban and rural areas possibly reflecting
the related intra-urban spatial relations (from both social and economic perspectives) is a
traditional issue in regional science, affecting the geographical distribution and balance of
economic power within countries. Based on the results of the empirical analysis, the study
area first experienced a persistent stage of ‘relative suburbanization” and, subsequently,
an “absolute suburbanization” stage. Population forecasts delineate a tendency toward
relative suburbanization with a modest recovery of the resident population downtown.
The demographic role of satellite cities increased moderately, highlighting latent trends of
‘disurbanization’. Based on the predictions of the spatial cycle theory, our study constitutes
an informative tool for planning the country’s regional development and urban policy in a
comparative fashion.
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Abstract: Reflecting the shift from purely quantitative economic growth to broader socio-environmental
sustainability, this study proposes a framework for assessing sustainable development (SD) by inte-
grating Maslow’s hierarchy of needs with Bossel’s classification system. As economic development
increasingly emphasizes sustainability, numerous organizations and agencies, including the United
Nations, have developed indicators to measure sustainable progress. However, subjective dimensions
of SD, grounded in individual values and needs, remain underexplored. This study operationalizes
Maslow’s “pyramid of needs” alongside Bossel’s system to establish an “SD pyramid”, distinguishing
dimensions and indicators that capture social, economic, and environmental complexity. By mapping
human needs onto the Sustainable Development Goals (SDGs), this study contributes to delineating
(i) the research areas uncovered (or partly covered) with relevant indicators, (ii) a significant lack or
partial shortage of pertinent information, and (iii) a combination of a few basic indicators summa-
rizing the necessary information into a unique measure of SD. The outcomes offer a foundation for
a quali-quantitative assessment of SD, enhancing the monitoring tools focusing on subjective and
contextual needs.

Keywords: sustainable development; performance indicators; sustainability metrics; Maslow’s
hierarchy; Bossel’s classification; economic sustainability; socio-environmental complexity; policy
targets; SDGs

1. Introduction

Over recent decades, the concept of sustainable development (SD) (Shi et al. 2019;
Vardopoulos and Karytsas 2019) has acquired considerable relevance within the debate
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of the economic growth and competitiveness of national and regional production sys-
tems, becoming a crucial issue in societies grounded in the principles of justice and
equity (Guo et al. 2022; Kisel'dkova et al. 2019). To this end, the environmental com-
ponent plays an essential role in eliminating, or, at least, containing, the negative ex-
ternalities of socioeconomic dynamics on environment quality and ecosystem services
(Paprotny 2021; Kapsalis et al. 2019). While the concept of SD mainly focuses on eco-
logical issues (Hariram et al. 2023), especially regarding the management of natural re-
sources and biodiversity (e.g., Zorpas 2014), the notion of SD embraces multiple dimen-
sions of well-being (Cortesi et al. 2022; Vardopoulos et al. 2024a) and territorial justice
(Demeterova et al. 2020; Nickayin et al. 2023), which extend to the economic, environ-
mental, and social frameworks of a particular place, community, or production system
(Sarvajayakesavalu 2015; Lehtonen 2004).

This notion transcends a purely economic prosperity model strictly associated with
monetary indicators like Gross Domestic Product (GDP) growth and capital accumulation
(Alaimo and Maggino 2020; Fritz and Koch 2014). The intrinsic development of a given lo-
cation in non-economic terms is also a measure of economic progress (Lyytimédki et al. 2020;
North 1955) and should further incorporate qualitative dimensions, enhancing the social,
cultural, and moral well-being of residents (and visitors/tourists) to optimize the quality of
life (Li et al. 2020; Wiesli et al. 2021). Several scholars argue that economic growth and envi-
ronmental sustainability are often seen as competing goals, especially when technological
progress or substitution abilities in capital usage are limited (Klaassen and Opschoor 1991;
Tsangaris et al. 2024).

Nevertheless, the transition to SD remains essential, underscoring the joint significance
of SD’s three pillars, namely environment, society, and economy, as they collectively
foster synergy and cooperation among different knowledge sectors (Purvis et al. 2019;
Jovanovi¢ et al. 2023). Studies examining the inter-relations between the economic, social,
political, and environmental aspects of SD consistently reveal (explicitly or implicitly) that
the Sustainable Development Goals (SDGs) are interdependent and should be pursued in
an integrated manner (van Zanten and van Tulder 2021; Fonseca et al. 2020). Increasingly,
empirical research scrutinizes whether SDGs operate synergistically or present trade-offs
in practice (Luca Salvati and Carlucci 2014; Fonseca et al. 2020).

Sustainable economic growth has been described as an oxymoron within the con-
text of finite resources (El Chami 2021; Callenbach 2014). Economic growth, therefore,
should ideally coexist with environmental sustainability, where the reduced exploitation
rate of natural resources and lower consumption levels—achieved through “sustainabil-
ity” policies and practices—may ultimately curb economic growth (Zhang et al. 2022;
Hariram et al. 2023). Conversely, initiatives that stimulate economic growth can poten-
tially hinder SD, at least from a classical standpoint (Galindo-Martin et al. 2020; Yin 2019).
Development pathways are, thus, linked to improving life quality, regarded as a quali-
tative precondition for well-being that transcends the boundaries of economic systems
(Mouratidis 2021; Cibulka and Giljum 2020).

From an SD perspective, “well-being” can be understood as a specific state of human
existence shaped by subjective perceptions, actual environmental conditions, and the inter-
relationships among all material and immaterial elements within a system (Brulé 2022;
Cortesi et al. 2022). To identify connections between well-being and the socioeconomic
context, an operational approach is required, one that quantifies and contextualizes the
available data (Nagy-Pénzes et al. 2020; Silva et al. 2021).

The ongoing development of a comprehensive, comparable, and unified dashboard
of Sustainable Development Indicators (SDIs) aligned with the SDGs has resulted in
two major United Nations (UN) initiatives. These initiatives are strong candidates for
providing a coherent representation of SD through shared frameworks, relevant conceptual
approaches, documented methodologies, and, thus, suitable indicators. Initially, in 2007,
the UN, with support from independent scholars, proposed an operational framework that
included 50 primary and 46 secondary indicators for monitoring SD. Less than a decade
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later, in 2015, the institution introduced more advanced approaches, outlining multiple
indicators that gauge the progress toward achieving the 17 SDGs (Klopp and Petretta 2017;
Giangrande et al. 2019).

While numerous academic contributions have developed indicator systems that evalu-
ate SD from an objective perspective (Loizia et al. 2021; Sateriano et al. 2024;
Vardopoulos et al. 2021), subjective analyses—particularly those reflecting individual perce-
ptions—remain underexplored and offer fertile ground for new interdisciplinary insights.
Building on this premise, the present study examines the intrinsic relationship between
SDGs and SDIs, illustrating the potential for subjective classifications of “needs” to en-
rich and refine SDIs within the broader framework of the UN’s SDGs. Specifically, the
operational use of Maslow’s hierarchy of needs (Maslow 1943) alongside an original classi-
fication system by Bossel (1999) is proposed to collectively define the relevant indicators
and condense them into simplified, non-redundant measures of SD, with particular em-
phasis on their connection with human needs. As previous studies have only partially
addressed this connection, this analysis seeks to advance both theoretical and practical un-
derstanding, aiming to contribute—preliminarily and conceptually—to a more subjective
and individualized evaluation of SD.

This work emphasizes the notion of “subjective needs” as the foundation of any
SD path rooted in individual values, aspirations, and necessities. The two approaches—
Maslow and Bossel, as elaborated later in this contribution—facilitate the creation of an “SD
pyramid”, which differentiates specific analytical dimensions and relevant indicators. By
presenting examples of indicator classification based on Maslow’s and Bossel’s frameworks
and qualitative criteria, this system enables an exploration of the contributions of various
social, economic, and environmental complexities to SD from an individual perspective.
The intensity and spatial direction of changes over time in the selected indicators, as
well as their placement within this pyramid, are particularly relevant aspects warrant-
ing continuous evaluation (Shaker 2015; Wilson et al. 2007). Moreover, this innovative
approach strengthens and adds scientific depth to more traditional, objective method-
ologies, establishing a conceptual linkage between an objective and aggregated (quan-
titative indicator-based) evaluation of SD and a more subjective and disaggregated per-
spective grounded in individual needs and qualitative indicators (Fotopoulou et al. 2022;
Luan et al. 2017).

This article is organized into five standard sections, which are further divided into
thematic sub-sections. Section 2 presents a state-of-the-art examination, addressing the
operational concept of SD and the ongoing academic discourse surrounding the SDGs and
SDIs (Sections 2.1 and 2.2). Section 3 outlines the theoretical and practical aspects of the
proposed approach, including the rationale behind specific examples and applications to
global UN indicator dashboards (Section 3.1). This is followed by separate introductions
to Maslow’s theory (Section 3.2), its natural linkages with the concept of SD (Section 3.3),
potential applications to the UN’s SDGs (Section 3.4), and Bossel’s operational framework
for indicator classification (Section 3.5). Section 4 provides specific examples and practical
results arising from integrating these conceptual frameworks with the UN’s SDGs. Section 5
concludes the article with an extended discussion on the originality and innovation of
this approach, its anticipated limitations, and pathways for future research focused on
integrating objective and subjective dimensions in assessing SD progress.

2. State-of-the-Art Examination

The concept of SD, as defined in the seminal Bruntland report (1987), has evolved
significantly, incorporating various socioeconomic, environmental, and policy dimensions
that aim to foster a balanced global society (Diaz-Lopez et al. 2021). The fundamental
pillars—society, environment, and economy—form the backbone of SD and are reflected in
the 17 goals outlined by the United Nations in its 2030 Agenda. In response to the increasing
complexity of SD, a wide array of indicator systems has been developed, providing both
granular and composite measures of SD progress (Schoenaker et al. 2015; Huan et al. 2021).
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For example, the Human Development Index (HDI) encapsulates a multi-faceted view of
human well-being by measuring life expectancy, education, and per capita gross national
income (Ghislandi et al. 2019). The HDI, with its simplicity, has inspired derivative indica-
tors like the Inequality-adjusted HDI (IHDI), the Gender Development Index (GDI), and
the Gender Inequality Index (GII) (Land 2015). These adaptations account for disparities,
such as gender inequality and poverty, which affect SD paths (Nilsson and Larsen 2020).
Additionally, the Multidimensional Poverty Index (MPI) captures the deprivations that
individuals face across several dimensions, further highlighting the need for holistic SD
metrics (Alkire and Sumner 2013; Alkire et al. 2022). In the environmental sphere, notable
indicators include the Ecological Footprint (EF), which assesses the area required to sustain
resource consumption, and the Environmental Performance Index (EPI), which focuses on
ecosystem health and human environmental safety (Strezov et al. 2017). Indicators like the
City Development Index (CDI) and the City Prosperity Index (CPI) extend SD evaluations
to urban settings, addressing the specific sustainability challenges of metropolitan areas
(Wong 2015).

As these frameworks expand, the development of composite indexes—such as the
Measure of Economic Welfare (MEW) and the Genuine Progress Indicator (GPI)—has
gained prominence, allowing for more comprehensive comparisons across regions and so-
cioeconomic contexts (Zambon et al. 2017). These indexes, while valuable, often necessitate
adaptation to the specific socioeconomic and environmental contexts of the areas under
evaluation, thus limiting their generalizability on a global scale.

2.1. Operational Notion of “Sustainable Development” and Key Indicators

Indicators have evolved to represent a broad spectrum of sustainability measures
(Hueting and Reijnders 2004). Systems such as the HDI emphasize human development,
while indexes like the Environmental Performance Index (EPI) focus on environmental
outcomes (Liu et al. 2017). Collectively, they allow for inter-country and inter-regional
comparisons of sustainability progress (Liu et al. 2017). Despite their advantages, (these)
indicators often fall short of capturing the intricate interactions across SD dimensions, such
as the synergy or trade-offs between economic growth and environmental sustainability
(Bali Swain and Yang-Wallentin 2020).

Recent studies advocate for a multidimensional approach to SD evaluation, employing
tools such as the AHP (Analytic Hierarchy Process) (Vardopoulos et al. 2021) and fuzzy
logic (Vardopoulos 2019) to capture the inter-relations among the SD pillars: social, environ-
mental, and economic. These tools offer a sophisticated means of assessing SD across scales,
highlighting the contextual relevance of indicators to local and regional sustainability
efforts (Carlsen and Bruggemann 2022).

Generally speaking, these indicators have been adopted for specific socioeconomic
(or territorial) conditions, e.g., at a sectoral or national level, thus preventing a possible
generalization to broader contexts.

2.2. Maslow’s Pyramid and Sustainable Development Indicators

Maslow’s hierarchy of needs has been adapted in SD studies to frame human well-
being as a central pillar of sustainability (Yawson et al. 2009). Traditionally structured
as a pyramid progressing from basic physiological needs to self-actualization, Maslow’s
framework serves as a lens for evaluating human development within sustainable practices.

In recent years, Maslow’s hierarchy has been applied to SD frameworks as a tool for
categorizing indicators within human-centered SD. The progression of needs—from phys-
iological to self-actualization—has been particularly useful in evaluating human-centric
SD goals, such as poverty reduction (SDG 1) and well-being (SDG 3). At higher levels,
Maslow’s hierarchy aids in assessing the goals related to social stability and governance,
such as SDG 16 (peace, justice, and strong institutions). This hierarchical structure effec-
tively aligns with SD, facilitating the inclusion of qualitative dimensions such as social
well-being and individual self-fulfillment within sustainability evaluations.
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As SD indicators evolve, a systems-oriented approach enables the integration of
both objective and subjective measures. Bossel’s systems-thinking framework, which em-
phasizes interconnected societal and environmental systems, offers a holistic model for
designing SD indicators. By classifying indicators according to criteria like adaptability,
security, and compatibility, Bossel’s framework facilitates the development of SD indica-
tors that reflect complex social-environmental interactions. This approach provides an
operational basis for assessing SD comprehensively, acknowledging both individual and
systemic factors that contribute to sustainability (Bossel 1999).

3. Methodology

Identifying effective methods to measure and compare SD across regions and countries
is essential for jointly assessing the environmental, social, and economic performances of
specific locations, both historically and in the present, and for designing impactful interven-
tions for the future (Rosati and Faria 2019). Over the years, significant initiatives have been
led by the Organization for Economic Cooperation and Development (OECD), the World
Bank, and the United Nations Commission. A key milestone was the Rio+20 Conference,
where a comprehensive framework for SD was established, addressing specific environ-
mental concerns and socioeconomic topics such as poverty, sustainable cities, employment,
education, and inequality (Panagiotopoulos et al. 2022; Diaz-Lopez et al. 2021). In 2015, the
United Nations formalized 17 SDGs within “Agenda 2030”, aiming to establish a global SD
trajectory through a collective global effort by 2030 (Mindrinos and Panagiotopoulos 2023;
Koundouri et al. 2024) (Figure 1).
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Figure 1. United Nations Agenda 2030: the 17 Sustainable Development Goals.

3.1. Definition and Measurement of Sustainable Development Goals (Agenda 2030)

The SDGs are intended to reinforce and achieve the targets set by leaders from
189 UN countries in the Millennium Development Agenda of 2000 (Vandemoortele 2011;
Suresh and Johnson 2015). Agenda 2000 established eight Millennium Development
Goals (MDGs) to be achieved by 2015, focusing on critical issues such as reducing ex-
treme poverty and hunger, combating violence against women, and safeguarding health
and the environment (Sachs 2012; Lomazzi et al. 2014) (Figure 2). The development and
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implementation of the SDGs occurred in a markedly different context than that of the
MDGs. Unlike the MDGs, which were formulated by a group of experts at the UN head-
quarters (Unterhalter and Dorward 2013), the SDGs emerged from extensive consultations
within individual countries and through face-to-face meetings (Caballero 2019). Techni-
cally speaking, the MDGs consisted of 8 goals, 21 targets, and 63 individual indicators
(Jacob 2017), with none explicitly addressing human rights. In contrast, the SDGs include
seven explicit targets for people with disabilities, six for individuals in vulnerable contexts,
and two goals addressing discrimination, among others (Dada et al. 2023). Additionally,
while the MDGs primarily focused on developing countries funded by developed nations
(J. Sachs and McArthur 2005), the SDGs apply universally to both developed and develop-
ing countries, jointly committed to achieving the established goals (Ali et al. 2023). The
SDGs center on five core themes, known as the “five P’s”: people, planet, prosperity, peace,
and partnership (Dulume 2019; Tremblay et al. 2020). These themes encapsulate the key
issues of the 2030 UN Development Agenda and are associated with multiple SDGs to foster
a healthier and more prosperous world (Costa et al. 2021; Fonseca et al. 2020) (Figure 3).
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Figure 2. A graphical representation of the MDGs of United Nations Agenda 2000.
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4[ People
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Figure 3. The five keys ('P’) of SD and the explicit linkage with SDGs.
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The first 'P’, people, emphasizes the importance of individuals within societies and
is connected to key issues like social inclusion and reducing disparities, such as those
based on gender. This dimension encompasses targets related to eradicating poverty
and hunger (SDG1 and SDG2) (Pérez-Pefia et al. 2021; Galabada 2022), achieving bet-
ter health outcomes (SDG3) (Mikuta et al. 2024), providing quality education (SDG4)
(Khan et al. 2022; Eliades et al. 2022), and improving access to clean water and sanitation
(SDG6) (Martinez-Cordoba et al. 2020; Tsani et al. 2020). The goals aim to enhance well-
being and equality for all, irrespective of social class, gender, nationality, or living conditions
(SDG5 and SDG10) (Horton 2015; Fonseca et al. 2020). Additionally, an improved living
environment implies access to decent work (SDGS8) (Bieszk-Stolorz and Dmytréow 2023;
Kavouras et al. 2022), clean energy (SDG7) (Tsangas et al. 2023; Vardopoulos et al. 2023a),
and the development of sustainable cities and communities (SDG11) (Stefanou and Miitoula
2024; Vardopoulos et al. 2023b).

The second ‘P’, planet, focuses on protecting natural environments and enacting
measures to address climate change. This includes policies aimed at promoting responsible
consumption and production (SDG12) (Zorpas 2020b; Kritikou et al. 2021), climate action
(SDG13) (Thapa et al. 2023; Sardianou et al. 2023), the conservation of oceans and marine
resources (SDG14) (Xue et al. 2023; Gourgiotis et al. 2024), and efforts to combat land
degradation (SDG15) (Maialetti et al. 2024a, 2024, 2024c; Halbac-Cotoara-Zamfir et al.
2020).

The third ‘P’, prosperity, is intrinsically linked to economic growth (SDGS)
(Nickayin et al. 2022; Vardopoulos et al. 2024d) and includes social and environmental sus-
tainability (Ali et al. 2023; Sateriano et al. 2024), ensuring benefits for all individuals without
discrimination (SDG10) (Cojocaru et al. 2022; Matcu-Zaharia et al. 2024). This objective also
focuses on providing clean energy (SDG7) (Barone et al. 2021; Vardopoulos et al. 2023a) and
promoting industrial innovation and infrastructure development (SDG9) (Vardopoulos et al.
2020, 2024c), aiming to preserve and create wealth for future generations (Abrudan et al. 2021).

The fourth ‘P’, peace, seeks to establish a global society free from conflict and vio-
lence through principles of universal justice and by promoting strong and accountable
institutions (SDG16) (Baranyi et al. 2021). Achieving peace involves eradicating or at least
mitigating violence against women and children, as well as all forms of violence (SDG5)
(Garcia-Moreno and Amin 2016). A peaceful society is fundamental for social cohesion and
SD (Fry and Elliott 2017).

Effective progress toward the 17 goals requires collaborative efforts among govern-
ments, academia, and institutions to advance SD, as highlighted in the fifth ‘P’, partnership
(SDG17) (Cruz 2023; Bulmer and Yafiez-Araque 2023).

As pointed out in the previous section, the academic literature discussing clear and uni-
versally adopted approaches to continuously monitor progress towards the achievement of
the SDGs remains limited despite the critical importance of this issue (Ricciolini et al. 2022).
Quantitative analyses are also constrained by the extensive scope of the topic, which in-
volves multiple levels and scales of application—national, regional, and global—and by the
lack of a standardized lexicon, complicating comparisons across different studies and imple-
mentations (Bishop et al. 2016). The need for a new framework to address these challenges,
along with technical support using novel tools for conducting ex ante, in itinere, and ex
post evaluations of progress toward sustainability across the economic, social, and environ-
mental pillars, has been emphasized (Gusmao Caiado et al. 2018; Scrase and Sheate 2002).
Additionally, any mis-specification or omission of variables in an assessment model may
lead to biased results and evaluations (Aksoy and Bayram Arl 2020; Kubiszewski et al.
2022).

Within this framework, support systems play a crucial role in providing essential in-
formation, enhancing decision-making processes, and selecting (and measuring) activities
that genuinely advance SD pathways (Schmidt-Traub et al. 2017). Numerous studies have
been conducted by institutions across various countries (Firoiu et al. 2019). Among them, it
has been argued that the current indicators related to SDG10 fall short in quantifying the
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progress in reducing within-country disparities (Winkler and Satterthwaite 2017), while
a comprehensive analysis of the commonly used indicators highlights both advantages
and critical issues (Barbier and Burgess 2019). In Canada, sustainability progress was
evaluated using an approach grounded in the “no one left behind” principle, excluding
non-relevant targets, focusing on the available data, and employing proxies to address
missing information (McArthur and Rasmussen 2019). Meanwhile, Australia’s progress
toward SD has been monitored through selected SDGs (Allen et al. 2020). To highlight
differences in evaluation methods for tracking target achievement, a comparison of three
distinct approaches used by the Sustainable Development Solutions Network (SDSN), the
Economic and Social Commission for Asia and the Pacific (UNESCAP), and the Orga-
nization for Economic Cooperation and Development (OECD) has also been conducted
(Bidarbakhtnia 2020).

An alternative set of indicators, partly inspired by the aforementioned approaches, in-
cludes composite indexes of SD (Zhou et al. 2012). These indexes are often used to quantify
complex, multidimensional concepts—such as economic, social, and environmental aspects
of sustainability—and facilitate straightforward, intuitive comparisons across different re-
gions and territories (Bonnet et al. 2021). When well designed and managed, they enable the
handling of vast amounts of data from individual indicators with minimal loss of informa-
tional detail (Delli Paoli and Addeo 2019). For instance, a composite index based on SDG9
was developed to monitor industrialization progress across 128 global economies from 2000
to 2016, addressing key sustainability aspects such as social inclusiveness and environmen-
tal impact (Kyn¢lova et al. 2020). Similarly, a set of composite indexes has been applied to
evaluate sustainable city initiatives in Spain, with outcomes influenced by the compensabil-
ity levels in the aggregation of individual indicators (Lo-lacono-Ferreira et al. 2022). Given
the breadth of SDG targets and indicators, aggregation plays a crucial role in evaluating
and monitoring sustainability progress. However, the selection and operationalization of
indicators continue to present significant challenges. Experts emphasize the need for a
clear conceptual framework and specific references to ensure indicator relevance and effec-
tiveness, underscoring the enduring value of foundational guidance provided in earlier
work (Hak et al. 2016; Lancker and Nijkamp 2000).

3.2. Maslow’s Theory and the Operational Use of “Pyramid” Tools

Maslow developed a theory on human needs satisfaction, proposing that while each
person is unique, all individuals share fundamental needs whose fulfillment enables the
attainment of well-being (Maslow 1943). Maslow’s framework categorizes human needs
within a hierarchical structure, indicating their progressive priority (Mathes 1981). He repre-
sented this hierarchy as a pyramid, where the base comprises the most instinctive and essen-
tial needs, such as physiological needs for food, health, and safety (Bridgman et al. 2019).
The higher levels encompass “emotional” and “social affirmation” needs, reflecting an
existential state that surpasses basic requirements (Montag et al. 2020). Although the
concept of “need” is often associated with the individual or subjective domain, well-being
is ultimately achieved within a broader socio-environmental context (Kenrick et al. 2010).

Each individual needs to adjust their expectations and behaviors to align with the
social norms, resource availability, and environmental constraints of their community
(Forsyth 2013; Vasseur et al. 2022). This adjustment reflects a stratified expression of so-
cial (Perry et al. 2021), demographic (Luca Salvati et al. 2019), cultural (Cardenas 2011),
institutional /political (Doukas et al. 2023), economic (Yamin et al. 2019), and ecological
(Everard et al. 2016) factors that may restrict personal desires within the “carrying capac-
ity” of the socio-environmental system (Cardenas 2011; Yamin et al. 2019). Within this
complex system, an optimal balance can be achieved by incorporating specific knowledge
of landscapes, environments, ecosystems, and ecological conditions into the socioeconomic
evaluation of “needs”, alongside implementing collective, rather than individualistic, strate-
gies aimed at enhancing well-being (van den Bosch and Sang 2017). Human needs should

s

be realistically achievable within a framework of “fair”, “sustainable”, and, above all, “long-
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lasting” well-being (Khraisha 2020). Consequently, individual well-being is inherently
influenced by physical and social environments, and achieving the stages of Maslow’s
hierarchy (progressively represented in succession) is only feasible within an adequately
“holistically healthy” territorial context (Repetti 1987).

To this end, the objective quality of a given territory should be connected with
the subjective aspects of well-being (Costanza et al. 2007). Several indexes have been
developed to express both the territorial dimension, in terms of a territory’s health or
degradation, and the social and individual dimensions of well-being (Tomaselli et al. 2021;
Perchinunno et al. 2020). The environmental-territorial dimension can be analyzed through
objective indexes, such as the Environmentally Sensitive Areas Index (ESAI)
(Luca Salvati et al. 2015), or thematic indexes that measure factors like the prevalence
of illegal buildings (Luca Salvati et al. 2013), the demographic makeup of unauthorized
real estate units (Vinci et al. 2023), the rate and spatial patterns of urbanization in areas
under landscape protection, the erosion of rural and semi-natural spaces due to urban
sprawl (Vardopoulos et al. 2024b), the decline of rural areas due to land abandonment
(Doukas et al. 2022), the presence of green spaces in urban settings (Bianconi et al. 2018),
and the severity of air (Kougea and Koundouri 2011), water (Frontistis 2021), and soil pol-
lution (Zorpas 2020a). Indicators for these dimensions are often derived from sample
surveys, official statistics on aspects of daily life, or interviews with key informants repre-
senting a cross-section of society, conducted across various scales from aggregated (national
and regional) to disaggregated (local communities, municipalities, neighborhoods, and
individuals) levels.

3.3. The Evolution of Maslow'’s “Theory of Needs” and Sustainable Development

The Brundtland Report’s definition of SD encourages individuals to meet their own
needs without compromising the needs of future generations (Kuhlman and Farrington 2010).
Within this framework, constraints such as the current state of technology, environmental
conditions, and social structures play crucial roles in shaping sustainable economic growth
(Lans Bovenberg and Smulders 1995; Rojas et al. 2023). Ensuring that essential needs
are met across populations remains a guiding principle for government policies aimed at
equitable resource distribution, supporting both affluent and disadvantaged nations in
reducing poverty (Udo and Jansson 2009; King 1998). Additionally, wealthier countries
are encouraged to adopt eco-friendly policies and invest in innovations that promote the
sustainable use of resources, addressing climate change while prioritizing intergenerational
equity (Ahmad and Wu 2022).

Maslow’s 1943 “Theory of Needs” provides a socio-political model useful for an-
alyzing the SDGs both qualitatively and quantitatively. Traditionally, Maslow’s model
categorizes human needs in a hierarchical structure, starting from basic physiological
needs and ascending through safety, love and belonging, esteem, and, ultimately, self-
actualization (Mathes 1981). The theory was expanded in 1971 to include three additional
levels: cognitive needs, aesthetic needs, and self-transcendence (Koltko-Rivera 2006; Ken-
rick et al. 2010). However, contemporary critiques highlight that Maslow’s original model
is somewhat static and does not fully account for the dynamic needs of modern societies,
particularly with the emergence of new social, environmental, and digital dimensions that
shape human well-being (Taneva 2023; Harvard 2010).

In response to these critiques, a refined classification has been proposed that integrates
digital advancements and social shifts into Maslow’s hierarchy. For instance, digital
connectivity is now recognized as a fundamental component of both safety and belonging
(Benson and Dundis 2003), with the potential to influence esteem needs as well. In the
digital age, access to information and online networks supports individual security (digital
safety and data privacy), fulfills social needs (online social connections and communities),
and even contributes to self-esteem (social media engagement and virtual recognition)
(Cao et al. 2013; Ghatak and Singh 2019). This expanded model reflects the increasingly
interconnected nature of digital needs within Maslow’s hierarchy, illustrating how digital
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access influences well-being on multiple levels and aligning with the SDGs that focus on
equality and inclusive access (Yildiz 2021).

Accordingly, the following updated classification addresses both traditional and con-

temporary needs, integrating digital aspects that are central to 21st-century lifestyles
(Griskevicius et al. 2006) (Figure 4):

Physical and psychological needs: this base level encompasses nutrition, healthcare,
sleep quality, and physical activity, forming the foundation of individual health and
well-being.

Safety needs: beyond physical security, financial stability, and health, modern safety
needs now include digital safety—encompassing data privacy, cybersecurity, and the
safe use of digital technologies—which are critical in today’s digital society.

Need for belonging: social connections, family, and romantic relationships are joined
by digital communities and social media, which fulfill a growing aspect of individuals’
need to connect with others in virtual spaces.

Need for esteem: traditional esteem needs related to achievement and recognition
now include online validation, such as social media engagement, which has become
an influential factor in self-perception and confidence.

Cognitive needs: knowledge, curiosity, and understanding remain key, but modern
information access, such as digital learning platforms and online resources, is crucial
in meeting these needs today.

Aesthetic needs: the appreciation of beauty, enhanced by digital access to art and
nature through virtual media, aligns with contemporary expressions of aesthetic
fulfillment.

Self-actualization needs: creativity, personal fulfillment, and meaning continue to de-
fine this level, with the internet providing expanded avenues for creative exploration,
career development, and lifelong learning.

Self-transcendence needs: the pinnacle of the pyramid, focusing on self-transcendence,
is enriched by the digital era, allowing individuals to form global connections and
engage in collaborative projects that transcend personal identity and contribute to
broader societal goals, aligning with the SDGs related to global partnerships and social
inclusion.

SELF-TRANSCENDENCE

SELF-ACTUALIZATION

AESTHETIC NEEDS

v

COGNITIVE NEEDS

NEED FOR ESTEEM

X

NEED FOR BELONGING

A v

SAFETY NEEDS

X

PHYSICAL AND PSYCHOLOGICAL NEEDS

\

Figure 4. The pyramidal hierarchy of needs as envisaged in Maslow’s theory.
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3.4. The Intimate Linkage Between Maslow'’s “Pyramid of Needs” and Agenda 2030 SDGs

The Brundtland report’s definition of SD highlights the connection between Maslow’s
theory of human needs and the Agenda 2030 SDGs (Cheshmehzangi and Zou 2024;
Zhai et al. 2023). Fundamental needs like nutrition are critical to achieving the SDGs, impact-
ing healthcare, education, and women’s empowerment (Wells et al. 2020). Addressing nu-
trition helps break poverty cycles, as sound policies improve community well-being in both
developed and developing countries (Aliyu et al. 2021). In wealthier nations, dietary choices
consider environmental impacts, aiding climate mitigation (Ribeiro Hoffmann et al. 2024).
Sustainable fishing practices also align with the “life below water” SDG, supporting water
quality and sanitation improvements (Atkinson and Cools 2017). Nutrition interlinks with
multiple SDGs: sustainable diets affect climate change (Koliaki et al. 2024), biodiversity
(Belgacem et al. 2021), and water quality (Tompa et al. 2022); quality nutrition enhances
health and productivity (Alt et al. 2022; Grimani et al. 2019); and proper diets improve
well-being and women’s empowerment, leading to reduced poverty and inequalities
(Huang et al. 2023).

Education, a cognitive need from Maslow’s later model, is a fundamental right and a
driver of economic development, healthcare, and social empowerment (“Education” 1964).
It reduces inequalities (SDG10) (Cojocaru et al. 2022) and supports poverty reduction
(SDG1). Education also impacts health (SDG3) (Fonseca et al. 2024), as knowledge helps
manage diseases and fosters strong institutions (SDG16) for peace and reduced unemploy-
ment (SDG8) (Mehmetaj and Xhindi 2022).

3.5. Bossel’s Theory to Design Sustainable Development Indicators

Operationally, SD is defined as a developmental pathway that fully aligns with sus-
tainability criteria (Wojtkowiak and Cyplik 2020). The concept is inherently dynamic,
as it must adapt to social transformations in culture, technology, and economic expec-
tations while often reflecting an unpredictable evolutionary process (Wibeck et al. 2019;
Vardopoulos et al. 2023b). Evaluating progress, along with its actual or anticipated impacts,
requires a comprehensive set of indicators that describe the state of the environments and
systems shaping society (Ramos 2019; Pappas et al. 2021). The pursuit of effective SD indica-
tors has been ongoing across various levels of social organization, from local communities
to the global scale (Salvati et al. 2008; Vardopoulos et al. 2018). Within scientific discourse,
scholars contend that no single indicator can capture the full scope of SD; instead, multiple
indicators are necessary to encompass all relevant dimensions in any specific application
(Luca Salvati and Zitti 2009; Ferrara et al. 2012).

Historically, indicator selection was conducted by specialists in fields such as eco-
nomics, ecology, sociology, and engineering (Inglezakis and Zorpas 2014; Pissourios 2013).
This approach often resulted in discipline-biased indicators that emphasized field-specific
aspects while overlooking essential broader features (Heckman et al. 1998). To address
these limitations, Bossel (1999) proposed a robust research framework, defining SD as
an evolutionary process of interacting systems within a shared environment, where each
system self-organizes to meet the unique challenges of its surroundings. The intricate net-
work of interacting systems can be recursively decomposed into individual systems, each
influencing its own trajectory and that of others (Hjorth and Bagheri 2006; Ostrom 2009).
The performance of each specific system, along with its interaction mechanisms with others,
should be assessed using one or more indicators (Reed et al. 2005). The design of these
indicators begins with identifying essential systems and subsystems, thereby establishing
the structure and characteristics of an “ideal” system (Reed et al. 2005). Next, statistical
methods are applied to aggregate and condense the selected indicators while preserving
crucial information.

In this framework, the selected indicators are assumed to fully capture each system’s
fundamental interests according to six core criteria aligned with Bossel’s framework and
guided by Maslow’s hierarchy of needs: (i) existence, (ii) effectiveness, (iii) freedom of
action, (iv) safety, (v) adaptability, and (vi) psychological coexistence (for systems involving
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human elements). Using these criteria, a comprehensive and minimal set of indicators has
been developed to provide insights into all aspects of viability and sustainability (Table 1).

Table 1. A recursive scheme to design viable indicators of SD (own elaboration on Bossel (1999) and

incorporating additional indication from Maslow’s theory).

. Basm. Viability of Affecting System Contribution to Affected System
Dimension
. Is the system compatible with and can it exist Does the system contribute its part to the
Existence . : . .
in its particular environment? existence of the affected system?
Effectiveness Is it effective and efficient? Does it contribute to the efficient and

effective operation of the total system?

Freedom of action

Does it have the necessary freedom to
respond and react as needed?

Does it contribute to the freedom of action of
the total system?

Security

Is it secure, safe, and stable?

Does it contribute to the security, safety, and
Stability of the total system?

Adaptability

Can it adapt to new challenges?

Does it contribute to the flexibility and
adaptability of the total system?

Coexistence

Is it compatible with interacting subsystems?

Does it contribute to the compatibility of the
total system with its partner systems?

Psychological needs
(for specific systems)

Is it compatible with psychological needs
and culture?

Does it contribute to the psychological
well-being of people?

The systems-oriented approach appears effective in defining a comprehensive set of
indicators for SD, as it leverages existing datasets while minimizing the risk of overlook-
ing essential aspects or overemphasizing minor ones (Reed et al. 2005). This approach is
particularly valuable when evaluating sustainability under time and budget constraints.
Generally, selecting supplementary indicators to validate existing ones is advisable, es-
pecially for large-scale projects, as it enables the development of relevant indicators for
new or less-experienced practitioners (Bagheri and Hjorth 2007). The systems-oriented
approach has significant potential to influence the selection and application of SD in-
dicators across various domains, including technical, institutional, and public sectors
(Barbier and Burgess 2017). This method provides an overarching framework and guide-
lines for designing a complete, reliable set of indicators, focusing data collection on essential
information and, thus, facilitating the exchange of foundational knowledge and practical
experiences among agencies and via digital platforms (Bradley Guy and Kibert 1998). More-
over, this approach enhances the capacity of the public, administrations, and businesses to
accurately interpret and apply the selected SD indicators.

Overall, the systems-oriented approach has proven to be a valuable and systematic tool
for selecting SDIs, improving the efficiency of sustainability assessments, and facilitating
the practical application of indicators across various contexts (Pokorny and Palacka 2023).
It provides a robust foundation for comparative approaches that encompass all essential
aspects of SD (van Zanten and van Tulder 2021).

4. Results

As discussed in previous sections, SD fundamentally involves meeting the needs
of both present and future generations (Kuhlman and Farrington 2010). To achieve this,
these needs must be accurately identified and quantified using indicators or composite
indexes (Mindrinos and Panagiotopoulos 2023; Inglezakis and Zorpas 2014). While prior
work has often focused on organizations and institutions, sustainability originates at the
individual level (Doukas and Vardopoulos 2023). Based on this foundational premise,
sustainability in a rapidly changing world must advance in tandem with SD (Bossel 1999).
Ongoing transformations in economic, social, and environmental spheres may challenge
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the adaptability and resilience of the global system. Achieving the SDGs requires pro-
visions across three primary areas—economy, society, and environment—and within six
operational subsystems of human life, addressing the needs of individuals and society as a
whole, from basic to secondary needs (J. D. Sachs et al. 2019).

Profiling SDIs According to Maslow'’s Pyramid and Bossel’s Theory

The sustainability of the overall system depends on the functionality and viability of
each of its subsystems. Maintaining this condition requires designing effective indicators
that provide insights into each subsystem’s contribution to the sustainability of the global
system. Table 2 aligns the standard models of Bossel (1999), Maslow (1943), and the UN
2030 Agenda, operationally highlighting correspondences between fundamental human
needs and SDGs. While these examples represent only a fraction of the many linkages
among deeply interconnected processes, the connections reveal that they support a deeper
understanding of the relationships among various aspects of SD and human needs—at
physical, social, and psychological levels. They also illustrate the link between efforts to
achieve SDGs and the effective fulfillment of both fundamental and higher human needs,
individually and collectively.

Table 2. An exemplified classification of SDGs based on Bossel’s and Maslow’s operational schemes.

Bossel (1999)

Maslow (1943) 2030 UN AGENDA

Individual development SDG1: No poverty

SDG2: Zero hunger

Social system

Physical and psychological needs
Safety needs
Cognitive needs

SDG3: Good health and well being
SDG4: Quality education
SDG5: Gender equality

HUMAN SYSTEM SNei?jrg(;rsiz’fjgce SDG10: Reduced inequalities
SDG12: Responsible production and
consumption

Safety needs SDG16: Peace, justice and strong
Government Need for esteem institutions

Self-transcendence SDG17: Partnerships for the goals

Physical and psychological needs ~ SDG9: Industry, innovation and
Infrastructure Need for belonging infrastructure

Need for esteem SDG11: Sustainable cities and

Aesthetic needs communities

SUPPORTSYSTEM SDGS: ]?ecent work and

economic growth
E . Physical and psychological needs ~ SDG9: Industry, innovation and
conomic system Self-actualizati infrastruct
elf-actualization infrastructure
SDG11: Sustainable cities and
communities
SDG6: Clean water and sanitation
Resources and SDG7: Affordable clean energy
NATURAL SYSTEM Physical and psychological needs  SDG13: Climate action

environment

SDG14: Life below water
SDG15: Life on land

The first operational area, associated with the “human system”, emphasizes the strong

interconnection between the SDGs and fundamental human needs, aligning with the
lower and middle tiers of Maslow’s pyramid and broadly encompassing the dimensions of
“individual development”, “social systems”, and “governance”. In this context, physical
and psychological needs, safety, self-esteem, and self-transcendence correlate closely with
various SDGs, including poverty reduction (SDG1), hunger eradication (SDG2), and health
promotion (SDG3). The “governance” dimension underscores the importance of societal

stability in fulfilling these essential needs. Accordingly, safety and self-transcendence needs
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are logically linked to SDGs that promote peace, justice, and strong institutions (SDG16), as
well as global partnerships (SDG17).

The second area pertains to the support system, which includes “infrastructure”
and the “economic system”, recognizing that high-quality infrastructure meets not only
physical needs but also social and psychological ones. Infrastructure addresses physical
and psychological needs, belonging, esteem, and aesthetic requirements and aligns with
SDGs focused on sustainable infrastructure (SDG9) and sustainable communities (SDG11).
The economic system supports self-actualization by fostering economic growth, decent
work (SDGS8), welfare, and individual development.

The third area involves natural systems, being closely connected with “resources”, the
“environment”, and “ecosystems”, highlighting the critical role of a healthy environment in
overall well-being. In this context, physical and psychological needs are intrinsically linked
to SDGs that focus on sustainable resource management, including clean water (SDG6),
affordable clean energy (SDG7), and environmental conservation (SDGs 13, 14, and 15).

Based on the key systematization in specific dimensions and the explicit linkage with
the UN’s SDGs, as reported in Table 2, a final effort was made in Table 3 to make more
explicit and, thus, fully operational, Bossel and Maslow’s scheme into statistical themes (di-
mensions) corresponding with defined indicators routinely derived from official statistics.
In the case of the table, we considered a representative production of subjective indicators
for a continental area (European Union) primarily based on a comparative, high-quality
sampling design valid in all member countries and carried out under a representative sam-
ple of the residents interviewed, using a defined and stable questionnaire that investigates
a vast number of self-perceived aspects of sustainable development and quality of life.
The indicators proposed in the table were produced and released coherently every year,
generally since the early 2000s, and covering Europe at a particularly refined scale (basically,
macro-regional and/or regional level) over a sufficiently long time interval (generally since
the early 2000s). While improvable in several directions—when they are made available
from official statistics—the ensemble of subjective indicators illustrated in Table 3 may
represent a particularly vast, stable, and robust set of variables, forming a composite evalu-
ation of sustainable development, fully adhering to the principles of Bossel and Maslow
and anchored on fully comparable, standardized, and reliable input information based on
Eurostat EU-SILC, the European System of Statistics (both census and sampling frame) on
income and living conditions. A coherent scrutiny of such indicators over both time and
space may offer a particularly rich evaluation of sustainable development advancements in
a vast set of territories, with different socioeconomic characteristics, in Europe, and provide
an explicit indicators dashboard that can be updated regularly and with no effort from
official statistics (Eurostat website). Finally, computation on such indicator dashboards may
allow for the construction of one (or more) composite indexes of sustainable development
using—Tlikely for the first time in the academic literature—a fully subjective perspective 4 la
Maslow-Bossel.
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Table 3. An exemplified assessment of Bossel and Maslow’s operational scheme (see Table 2)

considering practical indicators derived from Eurostat official statistics covering the whole of Europe

at the macro-regional and/or regional level over a sufficiently long time interval (generally since the

early 2000s).

Bossel (1999)

Maslow (1943)

Theme

Indicators

Individual
development

Social system

Physical and
psychological needs
Safety needs
Cognitive needs
Need for esteem
Self-transcendence

Overall experience of
life (life satisfaction and
affects)

Social interactions
(relations with people,
activities for people,
social support, and

Overall life satisfaction by sex, age, and
educational attainment

Persons being happy in the last 4 weeks by
sex, age, educational attainment, and
frequency

Persons getting together with family and
relatives or friends by income quintile,
household composition, degree of
urbanization, and frequency

Persons having contact with family and
relatives or friends by income quintile,
household composition, degree of
urbanization, and frequency

HUMAN : ) Persons having someone to ask for help by
SYSTEM social cohesion) sex, age, and educational attainment
Persons having someone to discuss
personal matters by sex, age, and
educational attainment
Police-recorded offenses by offense category
Physical safety Crime, violence, or vandalism in the area
Trust in others by sex, age, and educational
Social interactions attainment
Safety needs (relations with people, Level of trust in institutions by sex, age,
Government Need for esteem activities for people, educational attainment, and domain
Self-transcendence  social support, and Gender pay/employment gap
social cohesion) Persons participating in formal/informal
Governance and basic ~ voluntary activities or active citizenship by
rights income quintile, household composition,
and degree of urbanization
Quantity of, quality of,
and access to leisure Persons not participating in cultural or
sport activities in the last 12 months by sex,
Phvsical and age, educational attainment, activity type,
s ycholo ical needs and reasons
sy & ) Educational attainment, Early leavers from education and training
Infrastructure ~ Need for belonging .
self-reported skills, by sex and labor status
Need for esteem . . .. , . . .
SUPPORT Acsthetic needs lifelong learning, and Individuals” levels of digital skills
SYSTEM opportunities for Self-reported unmet needs for medical
education examination by sex, age, main reason
declared, and educational attainment level
Access to healthcare
Inability to face unexpected financial
. expenses
Economic Physical apd Economic security Arrears (mortgage or rent, utility bills, or
psychological needs .
system .. (wealth and debts) hire purchase)
Self-actualization o
Labor transitions by employment status
Participation rate in education and training
Natural and living P:(l)lbti’s;r;, grime, or other environmental
NATURAL Resources and  Physical and environment (pollution, pro .
. . . Noise from neighbors or from the street
SYSTEM environment psychological needs  landscape, and built

environment)

Satisfaction of landscape by sex, age,
educational attainment, and domain
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5. Discussion

While academic contributions have developed various indicator systems, primarily
evaluating SD from an objective standpoint (Krank et al. 2013; Eustachio et al. 2019), the
subjective analysis of SD advancements—particularly from an individualistic perspective—
remains underexplored and potentially open to interdisciplinary contributions. Building
on this premise, the present study examines the intrinsic relationship between SDGs and
SDIs by offering selected examples of a subjective classification of “needs” (e.g., Maslow’s
pyramid of needs) to enrich and refine SDIs within the broader context of the UN’s SDGs,
in alignment with a logical classification framework such as Bossel’s. Specifically, this
study proposes an operational application of Maslow’s “pyramid of needs” alongside
Bossel’s classification system to define relevant indicators and condense their information
into simplified, non-redundant measures of SD, with a special emphasis on the connection
between SD and human needs. This linkage, which has only been partially addressed in
previous research (Fu et al. 2020; Mindrinos and Panagiotopoulos 2023; Yawson et al. 2009),
is explored here in both theory and practice to contribute—preliminarily and conceptually—
to a more subjective and individual evaluation of SD.

In practice, this work centers on the concept of “subjective needs”, viewed as the foun-
dation of any SD path rooted in individual values, aspirations, and necessities
(Jolibert et al. 2014). The two approaches—Maslow’s hierarchy and Bossel’s framework—
are mutually intertwined and operationally integrated to create an “SD pyramid”, differenti-
ating specific analytical dimensions and, where possible, relevant indicators
(Van Opstal and Hugé 2013). By offering specific examples of indicator classification ac-
cording to Maslow’s and Bossel’s frameworks and their qualitative criteria, this system
facilitates an examination of how various social, economic, and environmental complex-
ities contribute to SD from an individual perspective (Peet 2004; Eustachio et al. 2019).
The intensity and spatial trajectory of changes in the selected indicators, along with their
placement within the pyramid, represent key aspects warranting continuous assessment
(van Niekerk 2020). Furthermore, this approach enriches traditional, objective methods,
establishing a conceptual link between an objective, aggregated evaluation of SD (i.e.,
using quantitative indicators) and a more subjective, disaggregated perspective focused on
individual needs and qualitative indicators (van Zanten and van Tulder 2021).

More specifically, integrating Maslow’s and Bossel’s frameworks into a unified clas-
sification system of SDGs and SDIs, approached from the perspective of “human needs”
(i.e., a purely individualistic perspective), helps to identify (i) research areas that lack
comprehensive SDIs, (ii) significant gaps or partial shortages in pertinent information, and
(iii) a set of essential indicators that condense necessary information into unique measures
of SD. The findings of this approach aim to strengthen a quali-quantitative assessment
of the subjective dimension of SD and the underlying data necessary for such statistical
monitoring and reporting.

Improvements in research design should, for instance, facilitate a targeted comparison
across regions and countries, potentially delineating the socio-environmental distinctive-
ness of diverse territorial contexts, a foundation for understanding the intrinsic disparities
in SD levels across territories. A notable aspect of our approach, however, lies in its ca-
pacity to address all facets of SD, including those typically challenging to examine from
a subjective perspective. For instance, ecological quality—a crucial but often complex
dimension of SD to assess (e.g., Maialetti et al. 2024a)—can be investigated subjectively
alongside the interplay between specific socioeconomic attributes and quality of life. This
approach enables a meaningful integration with a traditionally objective dimension of
SD (i.e., the inherent characteristics of a given socioeconomic context) as well as a hybrid
(objective-subjective) dimension, such as quality of life (Alaimo and Maggino 2020).

In this perspective, incorporating Maslow’s theory emphasizes the essential role of
the environment in achieving satisfactory levels of happiness, being closely tied to the
fulfillment of basic human needs (Pimentel et al. 2024). Recognizing the existence and
significance of this relationship in evaluating SD within a specific location allows for the con-
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ceptualization of an “SD” function based on relevant socioeconomic characteristics and the
associated quality of life (Przybylowski et al. 2022; Wojewodzka-Wiewidrska et al. 2019).
This approach offers a framework for addressing the genuine needs of individuals, thereby
supporting the attainment of a satisfactory quality of life within a given territorial con-
text and under specific socioeconomic constraints (Rojas et al. 2023). The integration of
mixed quali-quantitative indicators of SD is, thus, central to this methodology. Addi-
tionally, subjective approaches that focus on individual perspectives on SD may enhance
the informational value of quantitative indicators by highlighting the dimensions more
effectively assessed through personal judgment and subjective evaluations rather than
through conventional statistical measures (Burford et al. 2013).

From a practical standpoint, this approach holds particular value in cases where
official statistics remain limited, incomplete, or insufficient for translating SDGs into fully
quantitative SDIs at the desired spatial resolution and temporal scale for meaningful
diachronic comparisons (Caudill et al. 2024). In both advanced and emerging economies, it
is recognized that while official statistics are relatively harmonized globally—at least for a
core set of indicators—there remains a need for enhancement and further consolidation to
quantitatively capture the full scope of phenomena and processes outlined in the 17 UN
SDGs (Campbell et al. 2020). A subjective approach can offer valuable supplementary
insights, enabling the collection of information that may not be readily obtained from
official statistics alone (Peet 2004).

From a theoretical standpoint, distinguishing between the human system, support sys-
tem, and natural system through Maslow’s framework enables a clearer understanding of
the interactions between societal components and the environment (Maximova et al. 2023).
Relevant measures for each of these subsystems could support the continuous monitoring of
SD within a given location while also identifying future challenges, thus promoting a holis-
tic approach to sustainability (Eustachio et al. 2019). As outlined in Section 4, the 17 SDGs
can be mapped across Maslow’s hierarchical levels of human needs (Fonseca et al. 2020).
This mapping, as illustrated in Table 2, reveals that all of Maslow’s identified needs are also
addressed by the SDGs (Rojas et al. 2023). Among these, physiological needs are the most
represented, being associated with at least 11 targets. Esteem and safety needs are each
cited in four instances, while self-realization, aesthetic, and transcendental needs appear
twice each. Self-actualization needs, however, are only referenced once.

The approach outlined herein, operationalized in Table 2, indicates that certain needs—
particularly those related to spiritual and transcendental aspects—are nearly absent in the
current classification. This gap may warrant a more in-depth analysis of motivational needs
and their influence on sustainability, as understanding human motivations is essential for
formulating effective policies (Bandhu et al. 2024). Furthermore, this observation under-
scores the value of applying a general framework, such as Maslow’s pyramid of individual
needs, to identify potential conceptual gaps in the SDGs and their related indicators, espe-
cially considering that the SDGs aim for a holistic definition of SD (Custodio et al. 2023).
Future studies should reinforce the empirical basis for the theoretical approach proposed in
this research. Validating this framework with real data and normative indicators would be
a promising research direction, enhancing its relevance to the SD field. Operational models,
involving comprehensive SD indicator dashboards derived from a UN SDGs perspec-
tive and demonstrating practical classification applications, would reduce the speculative
nature of this proposal and facilitate empirical case studies.

Analyzing the interaction between human needs and their immediate environments
reveals both individual and community dynamics (Stern 1993). This study is based on the
premise that human development and environmental quality are deeply interconnected,
influencing sustainability outcomes (Punit and Singh 2023). Recognizing specific strengths
and challenges within a given area helps align human needs with ecological requirements,
thus enhancing planning, development, and social policies (Hoffmann 2022). Human
well-being fundamentally relies on a healthy environment, which is essential for personal
growth and quality of life (Betley et al. 2023). Accessible green spaces, clean water, and
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public services serve as foundational elements of collective welfare (Ramaswami 2020).
Advancing this perspective calls for research exploring the relationship between quality
of life and critical economic, social, and environmental indicators, with frameworks like
Maslow’s pyramid offering valuable insights. Simplifying SDG indicators into consolidated
dashboards can facilitate effective monitoring and a balanced approach to local and global
policy objectives, reflecting each region’s unique needs (Horan 2020).

6. Conclusions

In pursuit of a more holistic and systematic approach to measuring SD from both
objective and subjective perspectives, the “SD pyramid” proposed in this study offers a
valuable framework for classifying indicators that comprehensively assess SD and highlight
the interdependencies between individual human needs and broader SDGs. By mapping
human needs onto the SDGs, this study demonstrates the intrinsic compatibility between
fundamental human needs and SDIs. From a normative perspective, this interdisciplinary
approach provides a fresh lens on SD by incorporating human needs on both individual
and societal levels, which can be especially informative for decision makers at local and
international levels, particularly in urban and environmental policy contexts. From a
positive perspective, the proposed framework offers a detailed view of SD by linking
it to the dimension of human needs as structured by Maslow’s hierarchy and Bossel’s
classification system.

The findings underscore the critical role of human well-being as a cornerstone of
SD, revealing that an effective sustainability strategy must accommodate various levels of
human need while prioritizing ecological balance. Practical applications of this framework
suggest pathways for policymakers to better address localized socio-environmental contexts
and socioeconomic disparities. Additionally, by proposing a structured integration of
objective and subjective indicators, this study advocates for a balanced approach to global
sustainability metrics that can address the gaps in existing quantitative-only evaluations.

The proposed Maslow—Bossel framework can be effectively applied to real-world
policies by guiding the design and evaluation of sustainable urban development programs.
For instance, in urban resilience planning, the framework facilitates the alignment of
human needs, such as safety and belonging, with the objectives of the SDGs. In practice, this
approach can be employed to structure policies addressing affordable housing, public safety,
and access to green spaces by integrating indicators that reflect both subjective well-being
and objective environmental performance. For example, the framework can inform urban
infrastructure projects by ensuring that the provision of clean water and sanitation (SDG 6),
alongside sustainable cities and communities (SDG 11), also addresses the psychological
and social needs of residents, such as their sense of security and community inclusion.
This dual focus enhances the ability of policymakers to design interventions that are both
practically viable and holistically aligned with sustainability principles. By embedding this
integrative perspective into policy frameworks, stakeholders can ensure that development
efforts are not only environmentally sustainable but also responsive to the nuanced needs
of diverse populations.

To further operationalize the framework, policymakers could leverage its principles in
real-world initiatives such as national sustainability strategies, regional urban planning
policies, and global adaptation mechanisms like those recently discussed at COP29 in
Baku, Azerbaijan. Specifically, aligning the Maslow—Bossel framework with the report-
ing requirements of, inter alia, the Nationally Determined Contributions and Biennial
Transparency Reports could provide a structured method for tracking progress on adap-
tation and resilience. For example, incorporating subjective well-being indicators into
adaptation strategies would enable a more inclusive approach that captures diverse so-
cioeconomic contexts, particularly those of vulnerable populations, such as women and
indigenous communities. Additionally, the proposed composite indicators could be uti-
lized in participatory research settings to bridge the gap between global sustainability
metrics and localized decision-making processes. By embedding these applications into
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existing policy frameworks, the Maslow—Bossel framework has the potential to drive both
practical and transformative changes in sustainable development initiatives at multiple
governance levels.

Future research should focus on validating this framework with empirical data across
different regions, aiming to refine the indicators and enhance the interpretive power of
the proposed “SD pyramid”. As SD continues to evolve, frameworks that recognize the
interplay between individual needs and systemic sustainability goals will be essential to
achieving comprehensive and equitable progress on a global scale.

Integrating a basic classification of human needs, as proposed by Maslow, with the
complexities of the SDGs—and further contextualizing this through Bossel’s approach—
illustrates how sustainability objectives align with various levels of the hierarchy of needs,
particularly from physiological safety to self-realization. Reorganizing and expanding
the academic discourse on SDIs to include, or at least complement, a subjective and
individual perspective represents a particularly relevant contribution of this study to
sustainability science.

This study ultimately provides a valuable roadmap for policymakers, researchers, and
stakeholders striving to harmonize economic growth, ecological responsibility, and social
equity within SD initiatives.
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Abstract: This paper investigates the impact of demographic changes on regional specialisation across
Greek NUTS2 regions from 2001 to 2021. It explores the relationship between age-specific variations
in the economically active population and gross value added (GVA) across different economic sectors.
Using demographic and GVA data alongside spatial analysis techniques such as spatial regression
models, median Local Moran’s I, and location quotient, the study identifies spatial autocorrelation
patterns. Findings reveal strong correlations between the economically active population and GVA,
highlighting demographic factors’ crucial role in regional economic performance. Over the period
2001 to 2021, the 1524 and 25-34 age groups generally experienced declining growth rates in
total, male, and female economically active populations, while the 45-54 and 55-64 age groups
saw increases. Regions adjacent to those with higher economically active populations showed
high-high clustering. Especially, Attiki and Kentriki Makedonia, the two metropolitan regions of
Greece, influence neighbouring regions through economic spillover effects, fostering economic sector
clustering and emphasising regional specialisation. These findings highlight the complex interplay
between demographic shifts and regional economic outcomes, noting spatial disparities and the
need for targeted policy interventions. The study provides empirical evidence demonstrating how
demographic changes influence regional economic development across different regions.

Keywords: Greek NUTS2 regions; economically active population; gross value added; local Moran’s
I; location quotient

1. Introduction

Demographic change affects regional specialisation by altering labour and consumer
markets. Alternatively, regional specialisation influences demographic patterns, attracting
specific populations that further enhance local strengths and economic growth. Several re-
searchers have addressed different aspects of demographic change in recent years. Gomez
and de Cos Pablo (2008) demonstrated that population ageing positively correlated with
economic performance across countries. They found that an optimal ratio of prime-age
workers relative to younger workers maximised GDP per capita, highlighting demographic
effects on economic productivity. Kurek (2011) examined ageing patterns in post-socialist
Poland up to 2030, revealing spatially varied distributions of elderly populations. The
study linked demographic ageing with societal transitions, highlighting vulnerable re-
gions amidst political and economic changes. Siliverstovs et al. (2011) found that ageing
significantly affected employment shares across various sectors, with an increase in the
elderly population negatively impacting agriculture, manufacturing, construction, and
mining while benefitting community services and the financial sector. Franklin (2012) anal-
ysed US population changes from 2000 to 2010, finding that while the overall population
grew, the composition varied by age and race/ethnicity. Shift-share analysis identified

Economies 2024, 12, 284. https:/ /doi.org/10.3390/economies12110284 47

https:/ /www.mdpi.com/journal /economies



Economies 2024, 12, 284

regions where growth stemmed from demographic advantages in specific age cohorts or
racial/ethnic groups. Gobel and Zwick (2012) examined the impact of an ageing work-
force on productivity across different sectors using linked employer-employee panel data,
finding no significant differences in age-productivity profiles between manufacturing
and services, despite varying sector characteristics. Mahlberg et al. (2013) examined the
relationship between age structure and labour productivity in Austria using matched
employer-employee data. They found significant variations in the age-productivity pattern
across different regions and sectors, with sectoral differences being the primary source of
heterogeneity. Shiode et al. (2014) utilised both ageing population ratio and density to
analyse ageing communities in Aichi Prefecture, Japan, indicating that this dual approach
effectively identified diverse ageing community types across urban and rural settings. Lin
et al. (2015) found that in Taiwan from 1998 to 2006, regional household income inequality
was influenced by ageing demographics, specifically due to shifts from multigenerational
to elderly households without additional income. They identified spatial clustering and
observed both convergence and divergence dynamics, emphasising the need for spatially
aware policy considerations. Cai and Stoyanov (2016) found that demographic differences
significantly influenced international trade dynamics, as population ageing reduced the
supply of age-dependent skills, leading younger labour force countries to excel in industries
relying on younger workers while older populations specialised in age-appreciating skills,
diminishing their comparative advantage. Cuadrado-Roura et al. (2016) emphasised that
Mediterranean regions with high unemployment and economic decline during the crisis
exhibited different economic dynamics. Regions undergoing demographic transitions, like
ageing populations, experienced significant impacts on their economic specialisation and
output. Cuaresma et al. (2016) found that demographic trends, particularly ageing, would
slow income convergence across Europe, concluding that policies aimed solely at improv-
ing labour force participation were insufficient to counteract the negative effects of ageing.
Peterson (2017) examined 200 years of data to explore the complex relationship between
population growth, per capita output, and overall economic growth. Low population
growth in wealthy nations and high growth in poorer nations exacerbated global economic
inequality, despite potential benefits of international migration. Danko and Hanink (2018)
used demographic shift-share analysis to compare racial and ethnic population changes in
shrinking (Buffalo, Cleveland, Detroit, Pittsburgh, St. Louis) and growing (Atlanta, Denver,
Phoenix, San Diego, Seattle) US cities from 1990 to 2010. They found growth among Mexi-
can, Puerto Rican, Asian, and foreign-born populations despite declines in White and Black
populations in shrinking cities. Seok et al. (2018) found that ageing negatively impacted
farm efficiency in Korea, showing continuous declines rather than the expected inverted-U
relationship. Additionally, income subsidies had a detrimental effect on efficiency, sug-
gesting the need for policy adjustments to encourage youth participation in agriculture.
Wessel et al. (2018) found that in Oslo between 2001 and 2011, local mobility among ethnic
groups increased own-group exposure and separation from the Nordic majority, while
international migration promoted integration between Nordic and non-Nordic residents.
Cheng et al. (2019) found that from 2000 to 2010, rural areas in China experienced more
rapid population ageing compared to urban areas. Spatial analysis identified expanding
clusters of ageing populations from coastal to inland regions, highlighting disparities in
health, economic status, and ageing challenges at the prefectural level. Dolls et al. (2019)
found that demographic changes likely increased income inequality in the EU-27 by 2030,
but wage adjustments counteracted this trend. EU tax-benefit systems largely absorbed the
projected rise in market income inequality. Liu et al. (2019) investigated the impact of an
ageing agricultural labour force on technical efficiency in southwestern China. They found
a negative relationship between ageing and technical efficiency, highlighting the need for
policy measures to address these challenges. Feng et al. (2020) found that China’s ageing
population has accelerated faster than in developed and BRICS countries, with significant
regional and urban-rural disparities. Factors like urbanisation and regional GDP deepened
the ageing gap, but population density had no significant impact. Kim et al. (2020) found
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that Daegu’s ageing regions expanded rapidly from the city centre between 2009 and 2018.
Neighbourhood conditions in these areas were poor, especially regardingaccessibility and
safety, with significant differences between urban and suburban environments. OECD
(2020) revealed that the Greek economy exhibited persistent regional imbalances, with
Attiki, particularly the capital of Athens, dominating in GDP per capita and population.
This concentration led to significant growth but also caused environmental and social
issues. Okada (2020) demonstrated that demographic changes and human capital accu-
mulation influenced R&D activity differently across steady states: high human capital
correlated with high R&D activity, low fertility, and high old-age survival. Improved public
health policies had an inverted U-shaped effect on economic growth rates at steady states,
indicating potential for government intervention to mitigate poverty traps. Papapetrou
and Tsalaporta (2020) found that population ageing negatively impacted real GDP growth
and reduced inflation in 23 OECD countries. They recommended labour market policies,
pension reforms, and investments in human capital to mitigate these adverse effects. Han
and Chung (2021) found that ageing and underemployment negatively affected household
income in South Korea, with a more pronounced impact in the agricultural sector compared
to non-agricultural households. Policy simulations indicated that targeted government
interventions could help reduce income disparity between these sectors. Hirono (2021)
demonstrated that the impact of increased life expectancy on income growth per capita
depended on the productivity of the non-education and education sectors, revealing a
potential non-linear relationship between ageing and economic growth. Iwasaki (2021)
analysed population changes between central city densely inhabited districts (DIDs) and
surrounding DIDs in Japan from 1960 to 2015. The study revealed that population decline in
central city DIDs was influenced by factors such as youth outmigration, business relocation,
and social decline due to residential shifts to areas outside central city DIDs. Kashnitsky
et al. (2021) found that from 2003 to 2013, contrary to expectations, age structures did
not diverge between urban and rural NUTS2 regions of the EU-27. Instead, divergence
occurred within each group of regions, indicating complex demographic dynamics. Lee
and Shin (2021) investigated how population ageing impacts per capita output growth in
35 OECD countries through six channels. They confirmed that ageing negatively affects
GDP growth, primarily through reduced total factor productivity (TFP), which they found
to have lasting effects on economic growth. Chen et al. (2022) examined population ageing
in rural China from 2000 to 2020, finding increased ageing with spatial heterogeneity. The
study identified key factors, such as population structure and fertility rates, influencing
ageing patterns and emphasised the need for collaboration to address these challenges.
DiPasquale (2022) underscored the importance of understanding the interplay between
demographic factors and economic outcomes, emphasising that demographic shifts had
profound effects on economic performance. Xu et al. (2022) discovered that China’s ageing
industry developed unevenly, with regional disparities narrowing over time. Economic
disparities increased, particularly between eastern and northeastern regions. Coordinated
development between the ageing industry and regional economy positively impacted
neighbouring regions. Bode et al. (2023) revealed that ageing negatively impacted regional
productivity growth in Germany, with workforce ageing affecting urban areas more due
to its detrimental effects on innovation. Additionally, a higher share of retirees reduced
productivity in regions with small household services sectors. Borda et al. (2023) identified
that the ageing agricultural population posed a global challenge, with younger generations
reluctant to take over farms due to low income, poor working conditions, limited land
access, and administrative burdens. Chung and Hean (2023) found that in the United
States, regional population ageing positively impacted employment growth and rent levels,
with no significant effect on local wages. These results suggest that an ageingpopulation
may enhance local production and consumption amenities, contradicting expectations of
negative economic impacts. Jayawardhana et al. (2023) explored the causal relationship
between the Per Capita Gross Domestic Product growth rate and the elderly population
in 15 European countries, finding varied causality patterns and a historical shift in the
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impact between the two variables. Malmberg et al. (2023) demonstrated that demographic
transitions and changes in population age structure have significantly influenced global
economic development since 1950, with regional and urban shifts in Western Europe and
North America highlighting the overlooked impact of ageing on economic geography.
Mariscal-de-Gante et al. (2023) found that increased female participation resulted in job
polarisation, particularly through low-paid jobs. Educational returns declined more for
women, while occupational profiles for young and old workers changed similarly, with per-
sistent gender-based differences. Shen et al. (2023) reported a positive relationship between
rural population ageing and agricultural labour productivity in China. Ageing stimulated
agricultural development by promoting structural adjustments and modernisation, though
this positive effect weakened as ageing deepened further. Zhang et al. (2023) found that
the ageing rural labour force in China weakened agricultural economic resilience. As rural
labour ageing increased, agricultural resilience declined, mainly due to reduced human
capital and limitations in scale management and technological progress, especially in less-
developed regions. Santos (2024) examined GDP trends and ageing dynamics in Portugal
from 2011 to 2021, revealing that regions with a higher GDP tended to have younger
populations, while lower GDP regions had older populations. The study underscored the
need for tailored policies addressing demographic and economic disparities across regions.
Song et al. (2024) found that the ageing rural population negatively affected agricultural
green total factor productivity in China. This impact was particularly significant in western
regions, with ageing inhibiting labour productivity, innovation, and farmland transfer,
especially under stricter environmental regulations. Zhang et al. (2024) discovered that
population ageing significantly influenced China’s service industry, exhibiting an “inverted
U” effect. The study revealed regional and industry heterogeneity, with notable impacts
in developed regions and medical industries, and identified a threshold beyond which
ageing’s positive effects diminish.

This paper introduces several novel contributions in the context of the existing lit-
erature on demographic changes and regional economic specialisation. Unlike previous
studies that have often focused on a single aspect of demographic change, such as ageing or
migration, this paper comprehensively examines the economically active population across
various age groups and genders, providing a nuanced understanding of demographic shifts
in Greece over two decades. By employing advanced spatial analysis techniques, including
Spatial Regression Models, Local Moran’s I, and Location Quotient, the paper uniquely
identifies the spatial clustering and regional specialisation effects of demographic changes
on economic performance. Additionally, the inclusion of gross value added (GVA) across
11 distinct economic branches offers a more detailed exploration of how demographic
dynamics influence specific sectors differently, revealing intricate relationships between
demographic patterns and economic outcomes at the regional level. This multi-faceted
approach, particularly within the Greek context, where regional disparities are pronounced,
sets this paper apart from prior research, offering actionable insights for policymakers.

2. Methodology

The present paper employs demographic data of the total, male, and female eco-
nomically active populations for Greek NUTS2 regions, examining different age groups,
including 15 to 24 years, 25 to 34 years, 35 to 44 years, 45 to 54 years, 55 to 64 years,
and 65 years or over (Eurostat 2024a). Moreover, it utilises gross value added from 11
economic branches, according to Eurostat classification, which are:” Agriculture, forestry
and fishing”, “Energy”, “Manufacturing”, “Construction”, “Wholesale and retail trade,
transport, accommodation and food service activities”, “Information and communication”,
“Financial and insurance activities”, “Real estate activities”, “Professional, scientific and
technical activities, administrative and support service activities”, “Public administration,
defence, education, human health and social work activities”, “Arts, entertainment and

recreation; other service activities; activities of household and extra-territorial organisations
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and bodies” for 2021 and 2001 at Greek NUTS2 regional level (Eurostat 2024b). To sum up,
the analysis concerns the 13 Greek NUTS2 regions, as illustrated in the Figure 1.
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Figure 1. Greek NUTS2 regions.

Regarding the methodology, spatial regression models, Local Moran’s I method and

Location Quotient are used. Based on regression analysis, the Spatial Lag and Spatial Error
models (Anselin 1988) are implemented in the analysis.

The Spatial Lag Model is specified as follows:
GVA = pWGVA + BEAP + ¢ (1)

GVA: Gross Value Added in the 13 Greek NUTS2 regions.

EAP: Economically Active Population in the 13 Greek NUTS2 regions.

p: Spatial autoregressive coefficient, capturing the influence of neighbouring regions’
GVA on a given region’s GVA.

WGVA: Spatially lagged GVA, where W is a spatial weights matrix defining the
relationships between regions.

: Coefficient for the EAP variable.

e: Error term.

The Spatial Error Model is specified as follows:

GVA = BEAP +u ()

u=AWu+¢ 3)

GVA: Gross Value Added in the 13 Greek NUTS2 regions.

EAP: Economically Active Population in the 13 Greek NUTS2 regions.

B: Coefficient for the EAP variable.

u: Spatially autocorrelated error term.

A: Spatial autocorrelation coefficient, capturing the spatial dependence in the errors.
Wu: Spatially lagged error term.

e: Normally distributed error term.
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In the Local Moran’s I method, each observation is assigned a statistic that can be
mapped to reveal spatial patterns. Below is the equation of traditional Local Moran’s I
(Anselin 1995):

= QY w9 @

where in the analysis:

e I the Local Moran’s I statistic for region i with respect to either economically active
population or gross value added.

e x; and x;: the values of the economically active population or gross value added in

regions i and j, respectively.

X: the mean of the economically active population or gross value added across all regions.

S2: the sample variance of the economically active population or gross value added.

wij: the spatial weight between regions i and j.

n: is the total number of regions.

However, the median Local Moran’s 1 is utilised by the paper. The specific method
is applied by the economically active population and gross value added data too. This
method uses the median of the Local Moran’s I values, which makes it less sensitive to
extreme values than the traditional Local Moran’s 1.

So, the Median Local Moran’s I calculates the median of all Local Moran’s I statistics
across regions:

MLI = median(Iy, I, ...Iy) (5)

where MLI is the Median Local Moran’s I statistic and I; is the Local Moran’s I statistic for

region i.
While, in a relevant cluster map:

e High-High: Indicates regions with high values surrounded by neighbouring regions
with high values as well

e Low-High: Indicates regions with low values surrounded by neighbouring regions
with high values.

e High-Low: Indicates regions with high values surrounded by neighbouring regions
with low values.

e Low-Low: Indicates regions with low values surrounded by neighbouring regions
with low values as well.

Furthermore, the location quotient implements to identify the specialisation of each
Greek region in each examined economic branch. The location quotient (LQ) is given by
the specific equation (Isserman 1977):

GVA;,
LQ =Ain (6)
GVAr

GVAn

In the analysis, GVA is the examined gross value added, i: the economic branches, r:
the NUTS2 region and n: the country. If the location quotient is greater than one, it means
that the NUTS2 region r is specialised in the examined economic branch i.

The use of only 13 NUTS2 regions in this study presents certain challenges, particularly
concerning the spatial model’s robustness, given the relatively small number of spatial
units. However, this choice is justified by the fact that these regions represent critical
administrative and economic divisions within Greece, making them highly relevant for
regional policy analysis. While the use of more granular NUTS3 data would have been
preferable, such data is either not available or lacks the consistency needed for robust
modelling at that level. To compensate for this limitation, the analysis incorporates a
panel dataset covering the years 2001 and 2021, effectively increasing the temporal depth
and sample size. This approach strengthens the model’s validity by capturing long-term
spatial dynamics and reducing the risks associated with cross-sectional limitations. The
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implementation of spatial regression techniques, such as the Spatial Lag and Spatial Error
models, further addresses these challenges by accounting for spatial dependencies between
regions, ensuring that spillover effects between neighbouring regions are captured and
that bias is reduced in the results. Moreover, the Local Moran’s I statistic, particularly
its median-based version, allows for the identification of spatial clusters and localised
patterns of economic performance, mitigating the impact of extreme outliers and providing
a more nuanced understanding of spatial relationships. Additionally, the study utilises
the Location Quotient (LQ) to examine regional specialisation across 11 economic sectors,
offering a complementary non-spatial perspective. The LQ identifies regions with specific
sectoral strengths by comparing each region’s sectoral Gross Value Added (GVA) against
the national average. A value above one indicates that a region is specialised in that sector,
offering insight into its comparative advantage. This dual use of spatial and non-spatial
methods, including both spatial regression and LQ analysis, provides a well-rounded
approach, enhancing the study’s overall analytical robustness despite the limited spatial
units. By integrating these methodologies, the study delivers a comprehensive examination
of regional economic development patterns in Greece.

3. Results

Beginning with the analysis of the paper, the Figure 2 illustrates the Pearson correlation
between economically active population and gross value added for the years 2021 and 2001.
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Figure 2. Pearson correlation.

So, Figure 2 presents the r values of 0.987 (2021) and 0.988 (2001) respectively, indi-
cating that variations in economically active population closely predict variations in gross
value added. The near-perfect r values suggest that economically active population is a
crucial determinant of gross value added. This strong correlation highlights the critical
role of a robust workforce in driving regional economic performance. Table 1 indicates
the results of spatial regression models between economically active population and gross
value added for 2021 and 2001.

According the above table, the Spatial Lag Model (SLM) indicates a strong spatial lag
effect with a coefficient of 0.692, meaning gross value added in a region is significantly
influenced by gross value added in neighbouring regions in both years. The economically
active population coefficient is highly significant in both years, with values of 46.429 for
2021 and 36.858 for 2001, showing that an increase in the economically active population
positively impacts gross value added. The Akaike Information Criterion (AIC) values for
the SLM are 249.748 for 2021 and 243.565 for 2001, suggesting a slightly better fit for the
2001 model. The Spatial Error Model (SEM) reveals a significant Lambda coefficient of
1.444 in both years, indicating substantial spatial autocorrelation in the error terms. This
suggests that unobserved spatial effects are significant. The economically active population
remains a significant predictor of gross value added, with coefficients of 46.429 for 2021
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and 34.847 for 2001. The AIC values for the SEM are 247.748 for 2021 and 241.565 for 2001,
indicating a marginally better fit compared to the SLM. Overall, while both models capture
significant spatial dependencies, the SEM provides a slightly better fit, highlighting the
importance of accounting for spatial autocorrelation in the error terms.

Table 1. SLM and SEM results.

Spatial Lag Model Spatial Error Model
Vazr(;;llale Coefficient Std.Error z-Value Probability Vazr(;gllple Coefficient Std.Error z-Value Probability
W_GVA 0.692 0.221 313.126 0.002 EAP 46.429 2.236 20.762 0.000
EAP 46.429 2.236 20.762 0.000 LAMBDA 1.444 0.338 4.270 0.000
Lag coeff. Lag coeff.
(Rho) 0.692 (Lambda) 1.444
Aka}lke_ info 249.748 Aka}ﬂ(e. info 247748
criterion criterion
Vazr(;gll)le Coefficient Std.Error z-Value Probability Vazr(;gllyle Coefficient Std.Error z-Value Probability
W_GVA 0.692 0.221 313.126 0.002 EAP 34.847 1.529 22.792 0.000
EAP 36.858 1.740 21.183 0.000 LAMBDA 1.444 0.338 4.270 0.000
Lag coeff. Lag coeff.
(Rho) 0.692 (Lombda) 1.444
Akaike info 243,565 Akaike info 241,565

criterion

criterion

The next tables present demographic data of the total, male, and female economically
active populations for Greek NUTS2 regions, focusing on different age groups: 15 to
24 years, 25 to 34 years, 35 to 44 years, 45 to 54 years, 55 to 64 years, and 65 years or over.
For each age group, the 2021 population count and the percentage growth rate between
2021 and 2001 are provided. The specific tables assist in identifying the regions with the
highest and lowest economically active populations and their growth trends. Moreover,
the next figures present maps of univariate median local Moran’s I for the total, male, and
female economically active populations. These maps are used to visualise and analyse the
spatial autocorrelation of the economically active populations across different regions. By
examining the local Moran’s I values, the study can identify clusters of regions with similar
or dissimilar levels of economically active populations, which can reveal underlying spatial
patterns and trends.

Beginning the analysis, based on Eurostat’s (2024c) data, the total population of Greece
in 2021 was 10,678,632. The male population was 5,196,048, while the female population
was 5,482,584. Between 2001 and 2021, the total population declined by 1.45%. During the
same period, the male population decreased by 2.51%, and the female population decreased
by 0.42%.According to Table 2, Attiki (Greece’s largest metropolitan region which includes
the capital city of Athens) exhibits the highest total economically active population in
2021. It is followed by Kentriki Makedonia (the second largest metropolitan region of
Greece, located in the north and bordering Bulgaria and the Republic of North Macedonia).
On the other hand, Voreio Aigaio (an insular region located in the northeast part of the
Aegean Sea, sharing marine borders with Turkey) has the lowest total economically active
population. However, this particular region shows a notable growth rate compared to other
Greek regions.
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Attiki shows the highest national economically active population for the 15 to 24 years
age group in the most recent examined year. On the other hand, Ipeiros (located in the
northwestern corner of the Greek peninsula, the most mountainous region which borders
Albania) has the lowest economically active population and the highest decline in terms of
growth rate. In the 25 to 34 years age group, Attiki again leads with the highest economically
active population. Ionia Nisia (an insular region that is located in the western part of Greece
with marine borders with Albania and Italy), however, shows the lowest economically
active population. In terms of growth rate, Ipeiros, as in the previous age group, indicates
the highest decline. For the 35 to 44 years age group, Attiki holds the highest economically
active population, while the region of Voreio Aigaio has the lowest. On the other hand,
the region of Notio Aigaio (an insular region that is located in the centre of the Aegean
Sea with marine borders with Turkey) shows the highest growth rate among the other
Greek regions. In the 45 to 54 years age group, Attiki has the highest economically active
population. The lowest is observed in Voreio Aigaio. However, regions such as Notio
Aigaio indicate the highest growth rate in that age group. In the 55 to 64 age group, Attiki
has the highest economically active population in 2021, as well as the highest growth rate
between 2001 and 2021, while Voreio Aigaio has the lowest economically active population
overall. Finally, for those aged 65 years or over, Attiki has the highest economically active
population in 2021, while Voreio Aigaio has the lowest; the region of Notio Aigaio shows
the highest growth rate.

Figure 3 portrays clusters of total economically active population in the 13 Greek
NUTS?2 regions for the years 2021 (left) and 2001 (right). In both maps, the region of
Peloponnisos (located in the southern part of the mainland) is classified as High-High,
indicating a high economically active population surrounded by similar regions. Many
regions of continental Greece, including Dytiki Makedonia (located in the northwest of
Greece, bordering Albania and the Republic of North Macedonia), Ipeiros, Sterea Ellada
(located in the central part of mainland Greece) and regions such as Ionia Nisia, Voreio
and Notio Aigaio, fall into the Low-High group, indicating low economically active
populations surrounded by high values. Finally, the High-Low group, indicating high
economically active populations surrounded by low values, includes regions such as
Anatoliki Makedonia-Thraki (located in the northeast part of Greece, bordering Bulgaria
and Turkey), Kentriki Makedonia, Thessalia (located at the centre of the eastern part of the
Greek peninsula, between the two metropolitan regions of Attiki and Kentriki Makedonia),
Dytiki Ellada (located in the western part of mainland Greece), Attiki, and Kriti (an insular
region in southern Greece).

I High-High (1) I High-High (1)
I Low-Low (0) I Low-Low (0)
- Low-High (6) - Low-High (6)
[ High-Low (6) [ High-Low (8)

Figure 3. Cluster maps of total economically active population for 2021 and 2001.
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Based on Table 3, Attiki boasts the highest male economically active population, followed
by Kentriki Makedonia, while Ionia Nisia registers the lowest. All regions, including these,
show considerable declines in their percentage growth rates between 2001 and 2021. For the age
group 15 to 24 years, Attiki also leads in the male economically active population, with Ionia
Nisia recording the lowest. Kentriki Makedonia undergoes the highest decline in this age group.
In the 25 to 34 years age group, Attiki retains the highest male economically active population,
with Ionia Nisia the lowest. Dytiki Makedonia reports the highest decline in this category. For
ages 35 to 44 years, Attiki records the highest population, while Voreio Aigaio indicates the
lowest. Kriti leads in percentage growth for this age group. For the 45 to 54 years age group,
Attiki shows the highest male economically active population, and Voreio Aigaio the lowest,
with Kriti demonstrating the highest growth rate. In the 55 to 64 years age group, Attiki not
only registers the highest male population but also the highest growth rate, whereas Voreio
Aigaio notes the lowest population. Finally, for those aged 65 years or over, Attiki exhibits the
highest male economically active population, Ionia Nisia the lowest and Notio Aigaio achieves
the highest growth rate between 2001 and 2021.

Figure 4 depicts clusters of the male economically active population in Greece’s
13 NUTS2 regions for 2021 and 2001. For the most recent year, Sterea Ellada is classified as
High-High, with high values surrounded by similar regions. Dytiki Makedonia, Ipeiros,
Ionia Nisia, Voreio Aigaio, Notio Aigaio, and Peloponnisos fall into the Low-High category,
with low values surrounded by high ones. Anatoliki Makedonia-Thraki, Kentriki Makedo-
nia, Thessalia, Dytiki Ellada, Attiki, and Kriti are in the High-Low category, featuring high
values surrounded by lower ones.

I High-High (1) aanadithe, 3B I High-High (1) cdnie o
I Low-Low (0) ey L\w - 3 M Low-Low (0) P s I\N y i
I Low-High (6) gl 4 [ Low-High (6)

I High-Low (8) s High-Low (6)

w
A
-\\ - e
b s "L r’;‘&’-
- p T8 & 7
Rk R R

Figure 4. Cluster maps of male economically active population for 2021 and 2001.

In Table 4, Attiki has the highest female economically active population in 2021, followed
by Kentriki Makedonia, while Voreio Aigaio has the lowest. These regions, along with others,
show significant percentage growth in the female economically active population between 2001
and 2021. For the age group 15 to 24 years, Attiki again leads, with Ipeiros having the lowest
female population. Notio Aigaio experiences the highest decline in this age group. In the 25 to
34 years age group, Attiki has the highest female population, while Ionia Nisia has the lowest.
Voreio Aigaio shows the highest growth rate for this group. For ages 35 to 44 years, Attiki holds
the highest female population, and Ionia Nisia the lowest. Voreio Aigaio leads in growth rate.
In the 45 to 54 years age group, Attiki maintains the highest female population, with Ionia Nisia
the lowest, and Voreio Aigaio showing the highest growth rate. In the 55 to 64 years age group,
Attiki boasts the highest female population and the highest growth rate, while Voreio Aigaio
displays the lowest population. Finally, for those aged 65 years or over, Attiki retains the highest
female population, Dytiki Makedonia records the lowest, and Notio Aigaio achieves the highest
growth rate between 2001 and 2021.
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Figure 5 illustrates clusters of the female economically active population across
Greece’s 13 NUTS2 regions for 2021 and 2001. Anatoliki Makedonia-Thraki and Pelopon-
nisos display strong high-value clustering in 2021 and 2001, respectively. The Low-High
group includes Dytiki Makedonia, Ipeiros, Sterea Ellada, and the insular regions, indicating
low populations surrounded by high values in 2021, while the High-Low group features
Kentriki Makedonia, Thessalia, Dytiki Ellada, Attiki, Peloponnisos, and Kriti, with high
populations surrounded by low values for the same year.

I High-High (1) I High-High (1)
M Low-Low (0) M Low-Low (0)
[ Low-High (6) [ Low-High (6)
[ High-Low (6) [ High-Low (8)

Figure 5. Cluster maps of female economically active population for 2021 and 2001.

The next maps picture the gross value added in Greek NUTS2 regions for 2021 and
2001 (Figure 6) to present a visual data on the economic performance of Greek regions. The
next two charts display the percentage growth rate of gross value added for Greek NUTS2
regions between 2021 and 2001 (Figure 7) and the total gross value added for the examined
economic branches in Greece for the years 2021 and 2001 (Figure 8) highlighting economic
changes in regions and the branch-specific contributions.

[ <5000 (4)
[ [5000-10.000] (7)

B > 100000

[ ] <5000 (5)
|:] [5000-10,000] (6)

B 100000

Figure 6. Gross value added in Greek NUTS2 regions for 2021 and 2001.
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Figure 7. Percentage growth rate of gross value added in Greek NUTS2 regions, 2001-2021.
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Figure 8. Total gross value added per economic branch, 2001 and 2021.

As shown in Figure 6, Attiki and Kentriki Makedonia (the two metropolitan regions
of the country) lead with the highest gross value added in both years. In 2021, these
two regions are followed by a group of regions including Anatoliki Makedonia-Thraki,
Thessalia, Sterea Ellada, Dytiki Ellada, Peloponnisos, Notio Aigaio, and Kriti, each with
a gross value added between 5000 and 10,000 million euros. The regions with the lowest
gross value added, less than 5000 million euros, are Dytiki Makedonia, Ipeiros, Ionia Nisia,
and Voreio Aigaio for the recent year.

Based on Figure 7, 12 out of 13 Greek regions show positive percentage growth rates
between 2001 and 2021. Moreover, the regions of Attiki (23.36%) and Voreio Aigaio (17.31%)
exhibit the highest growth rates, exceeding the national average of 16.75%. Only the insular
region of lonia Nisia illustrates a decline in growth rate (—2.44%).
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According to Figure 8, the total gross value added increases in 2021 compared to 2001
in the Greek economy. The economic branch of “Wholesale and retail trade, transport,
accommodation, and food service activities” has the highest gross value added compared
to other economic branches for the most recent year. It is followed by the branches “Public
administration, defence, education, human health, and social work activities”, “Real estate
activities”, and “Manufacturing”. Furthermore, these specific branches, along with the
branches “Energy”, “Information and communication”, “Financial and insurance activ-
ities”, and “Professional, scientific and technical activities; administrative and support
service activities” increase their gross added value in 2021 compared to 2001. On the con-
trary, the economic branch of “Construction” has the lowest gross added value, a branch
that, as shown in the diagram, has significantly decreased in gross added value compared
to 2001. Other economic branches that exhibit a decrease in gross added value during the
examined period are “Agriculture, forestry, and fishing” and “Arts, entertainment and
recreation; other service activities; activities of household and extra-territorial organisations
and bodies”.

The next table (Table 5) displays the location quotients, highlighting the degree of
specialisation across Greek regions. Meanwhile, the following figures (Figures 9-11) depict
cluster formation based on gross value added data to reveal spatial patterns of economic
sectors through Univariate Local Moran’s I, highlighting regional economic structures for
2021 and 2001.

The analysis presented in Table 5 shows that a considerable number of Greek regions
specialised in the economic branch of “Agriculture, forestry and fishing”. Especially,
Thessalia, Dytiki Makedonia, Peloponnisos, Dytiki Ellada and Ipeiros display notable
location quotients among the Greek regions for the recent year. Furthermore, Dytiki
Makedonia shows the largest location quotients in “Energy” for both examined years,
while the mainland region of Sterea Ellada displays the largest location quotients in the
economic branch of “Manufacturing” for 2001 and 2021.

Il High-High (1)
M Low-Low (0)
2 Low-High (6)
[ High-Low (6)

Figure 9. Cluster maps of “Primary sector” for 2021 and 2001.
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Figure 10. Cluster maps of “Secondary sector” for 2021 and 2001.

I High-High (1) I High-High (1)
I Low-Low (0) I Low-Low (0)
[ Low-High (6) I Low-High (6)
[ High-Low (6) [ High-Low (6)

Figure 11. Cluster maps of “Tertiary sector” for 2021 and 2001.

In the economic branch “Construction”, Ipeiros exhibits the highest location quo-
tient. In the economic sector “Wholesale and retail trade, transport, accommodation and
food service activities”, the insular regions of Ionian Nisia and Notio Aigaio display the
highest location quotients which are explained by the fact that they are significant tourist
destinations. In the economic sectors “Information and communication”, “Financial and
insurance activities”, “Real estate activities”, and “Professional, scientific and technical
activities; administrative and support service activities”, the region specialising uniquely is
Attiki. Finally, regarding the branch “Public administration, defence, education, human
health and social work activities”, Voreio Aigaio illustrates the highest location quotient
for 2021, indicating a significant specialisation enhancement compared to 2001. Similarly,
in the branch “Arts, entertainment and recreation; other service activities; activities of
household and extra-territorial organisations and bodies”, another insular region, Ionian
Nisia, displays the highest location quotient for 2021.
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Figure 9 shows that Anatoliki Makedonia—-Thraki and Kriti exhibit significant cluster-
ing of high gross value added in the “Primary sector” in 2021 and 2001, respectively. Dytiki
Makedonia, Ipeiros, Attiki, and the insular regions are classified as Low—High, with low
values surrounded by higher ones. Kentriki Makedonia, Thessalia, Sterea Ellada, Dytiki
Ellada, Peloponnisos, and Kriti are High-Low, featuring high values surrounded by lower
ones in 2021.

Figure 10 identifies Dytiki Makedonia as High-High, reflecting high gross value added
in the “Secondary sector” among similarly high-value regions in 2021 and 2001. Ipeiros,
Dytiki Ellada, and the insular regions are Low-High, with low values surrounded by
higher ones. Anatoliki Makedonia—Thraki, Kentriki Makedonia, Thessalia, Sterea Ellada,
Attiki, and Peloponnisos are High—-Low, displaying strong values amidst regions with
lower performance in 2021.

Figure 11 exhibits Peloponnisos as High—-High, with high gross value added in the
“Tertiary sector” surrounded by similar high-value regions for the recent year. Anatoliki
Makedonia-Thraki, Dytiki Makedonia, Ipeiros, Sterea Ellada, Ionia Nisia and Voreio Aigaio
are Low—High, indicating low values surrounded by higher ones. Kentriki Makedonia,
Thessalia, Dytiki Ellada, Attiki, Notio Aigaio, and Kriti are High-Low, featuring strong
values amidst regions with less impressive performance.

4. Discussion

The analysis reveals significant correlations between the economically active popula-
tion and gross value added (GVA) across Greek NUTS2 regions for 2001 and 2021, reflected
in near-perfect Pearson correlation coefficients of 0.987 for 2021 and 0.988 for 2001. These
findings underscore the critical role of a vibrant workforce in driving regional economic
performance, aligning with prior studies by Franklin (2012) and Lee and Shin (2021), which
emphasise the influence of demographic characteristics on GDP growth. This robust rela-
tionship affirms the insights from Gémez and de Cos Pablo (2008), who highlighted the
positive correlation between population dynamics and economic performance across vari-
ous contexts. Spatial dependence is a notable aspect of the findings, indicated by the Spatial
Lag Model (SLM) and Spatial Error Model (SEM), which reveal strong interdependencies
between neighbouring regions. This supports Gomez and de Cos Pablo’s (2008) assertion
regarding how demographic transitions in one region can significantly affect economic
outcomes in adjacent areas. In the context of the analysis, regions with higher economically
active populations exert considerable influence on the economic activities of neighbouring
regions, creating positive spillover effects. This dynamic is particularly evident in the
metropolitan area of Attiki, which, as the primary urban hub, consistently exhibits the
highest economically active population. The region’s high concentration of people and
economic activities reinforces the findings of Kurek (2011) and Kashnitsky et al. (2021),
which suggest that demographic changes are shaped by unique regional characteristics
and historical contexts, resulting in spatial disparities. The demographic data segmented
by age groups reveals notable trends across the Greek regions. The 15 to 24 and 25 to
34 age groups generally experienced a decline in their economically active populations
from 2001 to 2021. Conversely, the 45 to 54 and 55 to 64 age groups exhibited increases in
their percentage growth rates. This aligns with findings from Franklin (2012) and Cheng
et al. (2019), who explored the significant influence of ageing populations on regional eco-
nomic outcomes. These shifts indicate a complex demographic landscape where younger
populations are declining while older age cohorts are becoming more prominent, ultimately
impacting the workforce composition and economic vitality of various regions. Examining
spatial patterns highlights distinct distributions of economically active populations and
their growth rates across different age groups and genders. The economically active pop-
ulation trends correlate with the location quotient analysis, reflecting regional economic
specialisations. Regions such as Thessalia, Peloponnisos, and Dytiki Makedonia, which
are primarily focused on the “primary sector,” are facing population declines, signalling
potential economic challenges. In contrast, Notio Aigaio, with high location quotients in
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tourism-related sectors, is experiencing significant workforce growth. This finding suggests
that regions with diverse or thriving economic sectors are better positioned to retain or
attract a larger workforce, while those with narrower specialisations may struggle to main-
tain their populations. The clustering of economically active populations, as illustrated
in the Moran’s I maps, indicates regions exhibiting similar demographic trends. This
clustering reinforces the notion of regional specialisation and economic interdependence.
Regions that neighbour those with high values in economically active populations and GVA
demonstrate a high-high clustering effect based on median Local Moran’s I. This dynamic
suggests that regions with higher economically active populations stimulate economic
activities and opportunities in surrounding areas, fostering a collaborative environment
that attracts businesses, investments, and workforce migration. Notably, the metropolitan
regions of Attiki and Kentriki Makedonia are key players in this interaction, influencing
adjacent regions through the creation of economic spillover effects and increased demand
for supporting services. These observations underline the importance of regional economic
specialisation, as discussed by Lin et al. (2015), Dolls et al. (2019), and Okada (2020). The
patterns indicate that successful regions tend to be those that develop diverse economic
bases, allowing for resilience in the face of demographic changes and economic challenges.
The sectoral analysis highlights significant specialisations, particularly in agriculture and
tourism, with a marked decline in the construction sector. This decline aligns with the
observations made by Cai and Stoyanov (2016) and Borda et al. (2023), who noted that
demographic changes and an ageing labour force adversely affect sectoral efficiencies. The
high gross value added in the “Wholesale and retail trade, transport, accommodation,
and food service activities” sector illustrates a significant shift toward service-oriented
economies. This trend echoes findings from Cheng et al. (2019), which noted similar pat-
terns in urban versus rural areas in China. Such shifts imply that regions are increasingly
moving away from traditional primary and secondary sectors toward more diversified
service sectors, which may better accommodate the demands of an ageing population and
evolving economic landscape. However, the limitations of this study warrant attention.
The reliance on aggregated regional data may obscure localised variations and complexities
inherent in demographic changes. While the spatial models reveal significant relationships,
they do not account for all unobserved factors influencing economic performance, as high-
lighted by DiPasquale (2022). Consequently, future research should consider longitudinal
studies that explore causal mechanisms linking demographic changes to economic out-
comes, particularly regarding sectoral performance and income inequality, as noted by
Dolls et al. (2019). In addition, more granular data at the NUTS3 level would enhance
understanding of the nuances of demographic dynamics. By enabling policymakers to
develop targeted interventions that address specific challenges and opportunities presented
by ageing populations and regional economic disparities, this approach could lead to more
effective policy solutions. Future investigations could benefit from incorporating finer
spatial scales and additional demographic variables, such as educational attainment and
migration patterns, to provide a more nuanced understanding of regional economic dy-
namics. Additionally, considering external factors, including policy impacts and labour
market conditions, would enrich the analysis of demographic-economic interactions. In
conclusion, these findings contribute to a broader understanding of how demographic
changes influence regional economic performance, emphasising the complex interplay
between population dynamics, regional specialisation, and economic outcomes. As re-
gions continue to navigate the challenges posed by demographic transitions, it becomes
increasingly essential to develop policies that promote sustainable economic growth while
addressing the specific needs of diverse populations. This comprehensive approach will
ultimately facilitate the creation of resilient and adaptable economies capable of thriving in
an ever-changing demographic landscape.
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5. Conclusions

In summary, the results highlight significant spatial and temporal variations in the
economically active population and gross value added (GVA) across Greek NUTS2 regions.
A strong positive correlation exists between the economically active population and GVA
in both 2021 and 2001, as reflected in the near-perfect Pearson correlation coefficients.
This emphasises the crucial role of a robust workforce in driving regional economic per-
formance. The spatial regression models further underscore the importance of spatial
dependencies, with the Spatial Lag Model (SLM) and Spatial Error Model (SEM) revealing
significant spatial autocorrelation. The SEM provides a slightly better fit, suggesting that
unobserved spatial effects significantly influence GVA distribution. The demographic
analysis demonstrates a decline in Greece’s total population between 2001 and 2021, with
male populations declining more steeply than female populations. Despite this, Attiki,
the country’s metropolitan hub, consistently leads in both total and gender-specific eco-
nomically active populations, followed by Kentriki Makedonia. Regions such as Voreio
Aigaio, Ionia Nisia, and Ipeiros typically show the lowest economically active populations.
However, Voreio Aigaio displays notable growth, especially among older age groups,
highlighting regional disparities in demographic trends. Spatial clustering of economically
active populations and GVA reveals regional economic patterns. High-value regions, such
as Attiki and Kentriki Makedonia, are surrounded by lower-performing areas, reflecting
disparities in economic development. Furthermore, the analysis of sector-specific GVA
shows that regions like Thessalia and Dytiki Makedonia specialise in agriculture and en-
ergy, while Attiki dominates in services like finance and communication. In conclusion,
Greece’s regional economies exhibit substantial spatial dependencies, with metropolitan
regions leading in economic performance. Peripheral and insular regions, although lagging
in overall economic activity, show promising growth in certain sectors and demographic
groups. Accounting for spatial autocorrelation in regional economic models is crucial for
accurate analysis and policy planning aimed at fostering balanced regional development.
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Abstract: The interplay between accessibility and population change is a relatively new subject
in Italian academic research. Along with social and economic factors such as regional economic
prosperity, the ease of movement inside and outside an area can play a pivotal role in shaping
population dynamics. This study seeks to explore the spatial distribution and spatial relationships of
three indicators, including one related to real accessibility (RAI) and two others related, respectively,
to the shares of the older population (SOP) and of the foreign population (SFP). An exploratory spatial
data analysis is, therefore, conducted at the local level using Italian municipalities as the statistical
units for the empirical analysis. Local univariate spatial autocorrelation analysis is used together
with a regression analysis based on ordinary least squares (OLS) and geographically weighted
regression (GWR) models. The results provide valuable insights into the local heterogeneity that
characterizes the distribution of each indicator and the local relationship between them, highlighting

the importance of thinking locally in quantitative social sciences.

Keywords: local demography; spatial analysis; territorial imbalances; foreign population; older

population; accessibility; municipalities; Italy

1. Introduction

In Italy, demographic dynamics and behaviors, coupled with socio-economic phenom-
ena, have long followed different trends and characteristics according to the geographic
contexts of reference (Billari and Tomassini 2021). Significant and deep-rooted territorial
imbalances over time have affected many parts of the country—mountainous regions
versus coastal areas, inland versus central areas, and rural versus urban and metropolitan
areas—undermining the nation’s territorial and social cohesion (Barca 2019; Annunziata

et al. 2024; Campagnucci and Morettini 2024).

These differences are amplified at the local level, occurring within a macro framework
that has traditionally been defined by the so-called north—south divide. This division
juxtaposes the economically more dynamic, more industrialized, and more urbanized north
with the south, which is more agricultural, less urbanized, and more vulnerable and fragile

in socio-economic terms (Salvati 2014; Armenise et al. 2022).

Even at a demographic level, these differences are persistent and deeply rooted to the
point that they have recently been defined, within the framework of Italian demographic
exceptionalism, as true spatial inequalities (Benassi et al. 2021a). The causes of such
inequalities are multiple and complex, originating from Italy’s very demographic history
(Rosina and Impicciatore 2022), as well as from the particularity of its geography and
geomorphology, characterized by a pronounced heterogeneity and a multitude of small,
often isolated, marginal and depopulated municipalities (Golini et al. 2000; Viesti 2021;

Benassi et al. 2024)
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In this context, the level of transport infrastructure and, more specifically, land accessi-
bility of the different local contexts becomes a potent force in shaping the overall dynamics
and the multiple challenges that territories face, including those related to economic and
demographic growth/decline (Vickerman et al. 1999; Shelukdov et al. 2020). Indeed, remote
areas or inner areas—that are very often less accessible—are particularly susceptible to
poverty, social exclusions, and depopulation (Benassi et al. 2021a; Panagiotopoulos and
Kaliampakos 2024).

The absence of adequate health and education infrastructure is a key factor in deterring
young people from settling in these regions and, at the same time, acts as a push factor
for those who already reside there (La Bianca and Navarro Valverde 2019; Staniscia and
Benassi 2018; Muti 2023). This is why regional development policies often aim to mitigate
spatial disparities through the enhancement of transport infrastructure, although with
variable results (Panagiotopoulos and Kaliampakos 2024)

Italy, from this point of view, is an example of extreme interest. In fact, even from the
perspective of accessibility, the gaps are relevant both between different macro-territorial
contexts (with the north generally being more accessible than the south) and especially
within these contexts (Campagnucci and Morettini 2024). These inequalities have signifi-
cant repercussions on demographic dynamics, particularly on depopulation processes, as
shown in several empirical studies related to other southern European countries (Pana-
giotopoulos and Kaliampakos 2024; Melo et al. 2022; Rodriguez-Rodriguez and Larrubia
Vargas 2022; Alama-Sabater et al. 2019, 2021; Sanchez-Mateos and Pulpon 2021). Al-
though it has also been observed in Italy that the presence of essential services closely
linked to accessibility—such as elementary schools—are determinants of demographic
growth/decline processes (Benassi et al. 2023), to the best of our knowledge, studies that
have so far correlated the accessibility of territorial contexts with their demographic charac-
teristics and /or demographic dynamics at a local scale are almost absent. This is also due to
the limited availability of accessibility indicators provided by official statistics (Chiocchini
and Cruciani 2009) up until now.

Based on these premises, the main purpose here is to investigate—at the local scale
for Italy—the spatial dimension of land accessibility, the share of the older population,
and the share of the foreign population. These last two indicators are closely linked to the
demographic phenomenon generally associated with accessibility, namely depopulation.
In fact, depopulation is often observed as a self-perpetuating process (Reynaud et al. 2020)
that is intimately linked to aging (Reynaud and Miccoli 2023), but also as something that
can at least be slowed down by foreign immigration (Gesano and Strozza 2011).

Understanding how the accessibility of local contexts correlates with the aging process
and foreign presence (i.e., international migration) is, therefore, an important issue. Indeed,
aging and foreign presence have a significant impact on population growth and age
structure, serving as focal points of interest in demographic and socio-economic phenomena
(Harper 2014; Reitz 2002). Moreover, both the older and foreign populations exhibit specific
geographical distributions related to the different socio-economic characteristics of the
local host contexts, posing important challenges in terms of spatial planning and regional
development (Reynaud and Miccoli 2023; Strozza et al. 2016; Tragaki and Rovolis 2014). In
this regard, it is useful to recall that aging and foreign presence (international migrations)
are two of the most significant demographic processes in the current Italian demographic
landscape (Billari and Tomassini 2021).

Empirically, we focused on the spatial distributions of an accessibility indicator and
two demographic indicators related to aging and foreign presence. The aims of the paper are
(i) to evaluate the existence of spatial patterns in the geographical distribution of these three
indicators and (ii) to measure the relationships—also from a spatial perspective—between
accessibility and the degree of aging and between accessibility and foreign presence.

The quantitative analysis is composed of two parts. The first part is devoted to
the analysis of the spatial distribution of the ad hoc indicator of land accessibility (real
accessibility index, RAI) and two demographic indicators related to the process of aging
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and foreign presence, namely, the share of the older population (SOP) and the share of
the foreign population (SFP). The second part of the paper involves an exploratory spatial
data analysis, whose first step consists of a local spatial autocorrelation analysis. The aim
is to understand whether or not the geographic distribution of the indicators is clustered,
and if so, where local clusters (hot and cold spots) are located. The second step employs
geographically weighted regression (GWR) and ordinary least squares (OLS) models to
analyze the relationship between the indicators, aiming to understand the overall and local
impact of the RAI on SOP and SFP individually.

The results show that the aging process and foreign immigration are associated with
the level of accessibility. This exhibits a negative relationship with the proportion of older
people, which implies that depopulated and/or aging areas are those in which accessibility
is worse. On the contrary, the relationship between accessibility and the proportion of the
foreign population is positive, which means that the more accessible areas are also more
dynamic and display a greater attractiveness for this population group.

These results hold at the global level, while locally, more different situations arise,
underlying something that has been recently addressed by other studies on accessibility
and rural depopulation (Panagiotopoulos and Kaliampakos 2024). Although improving
accessibility also plays a key role in relation to aging and foreign immigration, spatial
inequalities can only be addressed through appropriate locally tailored policies (lammarino
et al. 2019). This is something expected, since in a European context characterized by
persistent differences in regional populations (Rees et al. 2012), the relevance of spatially
oriented policies is crucial (Muti 2023).

Despite the efforts required to foster social cohesion within the territories of the
European Union, some contexts are often left behind in terms of economic growth, and
others also appear in demographic decline. Inadequate accessibility, in terms of connecting
infrastructures, may be a determining factor in this process.

The rest of the paper is structured as follows. Section 2 outlines the theoretical
background and reviews the literature. Section 3 presents the data and methods, and
Section 4 introduces the results. Section 5 contains the discussion and, finally, Section 6
holds our preliminary conclusions.

Appendix A contains several maps of Italy’s administrative divisions to help readers
better understand the analysis. There is also a map of the urban—rural divide based on the
degree of urbanization (OECD et al. 2021).

2. Theoretical Background and Literature Review

In this section, we provide an overview of the concept of accessibility and the exist-
ing approaches for its measurement (Section 2.1), the relationships between accessibility,
population change, and economic growth (Section 2.2), and finally, the role of spatial het-
erogeneity in influencing the connections between accessibility and population dynamics
(Section 2.3).

2.1. Accessibility: Concept and Measures

The theoretical background on accessibility identifies two primary components, namely
the transport network and land use (Geurs and van Wee 2004; Stepniak and Rosik 2018).

The transport network refers to the concepts of friction or facilitation in mobility,
encompassing the availability of services provided by the transport system, which includes
the ease or difficulty of journeying between two points. The transport network is therefore
directly related to the provision and characteristics of the local mobility infrastructure
(Geurs and Ritsema van Eck 2001). It may be viewed as a direct reflection of a territory’s
degree of accessibility, which is intrinsically linked to the presence or absence of connecting
infrastructures (Handy and Niemeier 1997), being closely associated with factors such as
the physical development of infrastructure, deterrence or impedance (Moya-Gomez et al.
2018), and transportation policy, such road tolls (Solé-Ribalta et al. 2018).
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The component of land use concerns the spatial distribution of accessibility. It de-
scribes the spatial attributes of supply and demand for connecting infrastructures, the
spatial characterization of related activities, and their relationships (Geurs and Ritsema
van Eck 2001). It also includes the role of accessible destinations from a spatial perspec-
tive (Vickerman 1974; Caschili et al. 2015). The spatial distribution of population change,
including some demographic phenomena, such as aging and foreign presence, can be
considered within the land-use component related to the accessibility issue. Indeed, a more
complex and holistic definition of accessibility requires further elements, such as its role
in residential land-use patterns (Hansen 1959), the ease with which a specific destination
can be reached (Dalvi and Martin 1976), and the benefits derived from the transportation
network. Accessibility is a potential driver of opportunities, particularly in its association
with the efficiency of the transport system, which is crucial to reducing the spatial frictions
associated with movement (De Montis and Reggiani 2012; Patuelli et al. 2007).

The definition of accessibility is, therefore, based on the assumption that a territory’s
appeal (relating to various aspects of the land-use component) increases in step with
a reduction in physical distance, travel time, and the cost associated with the transport
network (Stepniak and Rosik 2018). This might imply that regions with more efficient access
to various locations should be more attractive and competitive, including in demographic
terms, than isolated areas (Benassi et al. 2021b).

Empirically, the measurement of accessibility poses challenges. The approach com-
monly used involves evaluating the local transport system. In this vein, three categories are
typically assessed, including (1) isochrones, based on the number of destinations according
to travel time/physical distance/costs from a given starting point; (2) gravity-based models,
based on a penalty assigned to more isolated destinations; and (3) individual-level models,
grounded in individual utility (Handy and Niemeier 1997).

A more recent classification of accessibility measures suggests a different point of view
depending on the object of observation and involves the following: (1) infrastructure-based
measures, based on the observed performance of the infrastructure; (2) activity-based
measures, based on the number of activities in which, even potentially, individuals may
participate given time and space constraints; (3) utility-based measures, based on the utility
people derive from reaching specific locations; and (4) individual-based measures, related
to land-use and transportation systems allowing people to travel (Geurs and Ritsema van
Eck 2001; Geurs and van Wee 2004; Karou and Hull 2014).

In this paper, as detailed in Section 3 Methodology, to which we refer for a more
analytical view, we used a revised version of the accessibility indicator released by the
Italian National Institute of Statistics (ISTAT) in December 2023.

2.2. On the Role of Accessibility in Economic and Demographic Change

Although numerous nuances exist regarding the concept of accessibility, its critical role
in shaping the overall dynamics of local development is widely recognized. Two regional
economic theories clearly describe the impact that varying degrees of accessibility have on
development: growth pole theory and location theory.

Growth pole theory revolves around the concept of a “growth fulcrum”, which is
the existence of a center capable of exerting attraction upon surrounding areas. The core
concept is that a specific location, typically urban, interacts with its surrounding areas
through economies of scale and agglomeration, rebalancing development levels between
these areas (Darwent 1969).

In turn, location theory asserts that the decisions firms and individuals make on their
deployment are influenced by choices of cost minimization and demand maximization.
The transport network, therefore, serves as a facilitator of relationships and flows between
central hubs and their surrounding areas; it may, however, become a barrier when the
transport infrastructure is deficient (Thompson and Bawden 1992; Voss and Chi 2006).

As changes in accessibility could lead to changes in local economic conditions (Berech-
man and Paaswell 2001; Ozbay et al. 2006), accessibility also influences population change
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(Alama-Sabater et al. 2019). According to a demographic approach, population change in-
volves the interplay between the two components of natural change (i.e., births and deaths)
and migration. The increasing decline in births is leading many territories, particularly
those in rural areas, toward a continuous and inevitable process of depopulation (Alama-
Sabater et al. 2019; Melo et al. 2022; Reynaud et al. 2020). From a theoretical perspective, the
impact of accessibility on population change has been explored through various models,
including the general equilibrium model of household location choices (Roback 1982). In
this model, transport costs are central to individual location decisions, as some households
generally prefer locations with affordable property and easy access to urban amenities.

The role of the infrastructure system in population variations can also be understood
through the lens of neo-classical growth theory. This theory posits that the combination of
land (rural-suburban), capital (infrastructure systems), and labor (wages) (as inputs into
production function) predicts that, as the transport network expands, the economic and
social centrality of a region increases, potentially leading to (positive) population changes.
Similarly, the facilitator role of the infrastructure system is a crucial aspect in the central
place theory, whereby transport networks serve as vectors for relationships and flows
between individuals across different locations, typically facilitating movement between a
central hub and its surrounding regions (Thompson and Bawden 1992).

A large body of the literature has traditionally explored the factors, such as the
presence of large cities, regional migration, economic growth, and sundry facets of quality
of life and well-being, as elements that influence people’s inclination to settle in a particular
location (Glaeser et al. 1995; Graves 1983; Chi and Marcouiller 2009). Most of this research
reports that greater accessibility, particularly in terms of transportation infrastructures,
positively influences an area’s economic growth by generating positive externalities for
local firms (Berechman and Paaswell 2001), increasing employment in the region (Ozbay
et al. 2006), and reducing commuting times, thereby enhancing the work-life balance (Van
den Heuvel et al. 2014). Following this line, from a macro approach, many studies have
investigated the correlation between the degrees of accessibility and economic indicators,
such as the marginal effect on the price of commodities or GDP (Gutiérrez et al. 2010; Karou
and Hull 2014). These studies underscore the overall positive effect that an increase in
accessibility may have on a region’s macroeconomic growth.

Recently, some studies have incorporated the concept of spatial dependence as an
additional factor contributing to population change (Lundberg 2006; Delfmann 2014; Costa
da Silva Firmino et al. 2017).

Chi (2010) has used an integrated spatial regression approach to investigate the impact
of highway expansion on the population in Wisconsin, finding a difference among rural,
urban, and suburban areas. Highway expansion triggers population flows, especially
in suburban areas where the direct effect on demography is supported by the ease of
commuting to urban areas and the lower cost of housing.

Melo et al. (2022) have explored the role of road accessibility in population changes
in Portugal, finding that the decline in population is not simply explained by changes in
accessibility: depopulation is explained mainly by demographic and economic factors,
such as an uncompetitive job market. This study finds that enhancing accessibility seems
to have the potential to reverse the progressive decline of rural territories by, for instance,
offsetting the increasing number of individuals aged over 65 or the scarcity of those with
higher education.

Focusing on aging as a pivotal demographic process in depopulation, Alama-Sabater
et al. (2019) have used an exploratory spatial data analysis to explore the issue in the
hinterland of the Spanish region of Valencia. They consider specific territorial factors,
such as the degree of accessibility, public infrastructures, and economic prosperity, while
shedding light on the role played by the aging rate in the transition towards depopulation.
Their study reveals that the lack of accessibility to rural areas is associated with a higher risk
of population loss. Interestingly, the authors also find that the concept of rural depopulation
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cannot be understood solely at the municipal level but requires an understanding of the
spatial interdependencies between a territory and its surroundings.

In sum, while the seminal literature on the relationship between accessibility and
population change generally reports linear results, some local-level studies find significant
heterogeneity due to an area’s idiosyncrasies, which include local growth characteristics,
environmental and natural resources, and land use and related development (Cardille et al.
2001), which may vary spatially across different territories (Partridge et al. 2008).

Closely linked to potential population change, especially at the local level, is the
presence of a migrant population (Bagavos 2022), as new arrivals tend to settle within
specific ethnic enclaves to enjoy the support of other non-natives.

Numerous studies have explored the settlement patterns of immigrants in both the
United States and Europe (Hiebert 2000; Lo et al. 2011). Some of these investigations have
revealed robust spatial correlations between migrant settlement trends and suburbanization
(Kneebone and Garr 2010; Ehrenhalt 2012; Farrell 2016). Location decisions are often
influenced by socioeconomic factors and the availability of affordable housing (Allen et al.
2021), with a strong spatial correlation between settlement and the concentration of poverty
in urban areas (Kazemipur and Halli 2000; Burnley 2002).

Only a limited body of research has examined the relationship between transport ac-
cessibility and the presence of migrants. Existing research has linked restricted accessibility
to greater difficulties in accessing supermarkets, schools, language classes, and healthcare
services (Bose 2014). These geographic obstacles compel migrants to settle within ethnic
groups, significantly limiting their potential for long-term integration and assimilation
(Wang 2008), with deficient transport constituting a reason for accessibility-related social
exclusion (Lucas 2012). Allen et al. (2021) have used spatial filters in regression models to
explore the tendency among migrants to settle in specific areas based on their accessibility.
The authors consider the influence carpools for commuting have on the choice to settle in
specific areas, particularly suburban and rural ones, regardless of the local socio-economic
characteristics. The transport system plays a key role as a vector of social relations and a
facilitator of integration.

The impact of territorial accessibility on the population (in terms of aging and foreign
presence) and the possible existence of local heterogeneities is of particular relevance in this
study, especially in relation to the specific geo-demographic characteristics of Italy, which,
as described in the introduction of this paper, substantially define its socio-economic and
demographic profile.

2.3. On the Spatial Heterogeneity in the Accessibility—Population Change Nexus

In addition to the widely acknowledged benefits that a good transport network has
on population growth, numerous empirical studies at a more granular level have reported
different findings, due primarily to the geographic heterogeneity of different areas (Chi
2010). The overall effect tends to reflect a collective impact, obviating the local nuances of
this general effect, and providing potentially misleading information about local dynamics.
The presence of spatial variations in impact is generally attributed to two main factors.
First, variations in the effects throughout the various stages of developing the transport
infrastructure, with differential impacts during the pre-construction and post-construction
phases (Bhatta and Drennan 2003). Second, some studies attribute these variations to the
presence of deep spatial and geographic heterogeneities in different areas (Partridge et al.
2008). Given the scope of this study, we focus on the moderating role of the socio-economic
characteristics of territories in the accessibility—population change relationship.

Urban, suburban, and rural areas may be significantly different in their growth mech-
anisms. The literature identifies distinct patterns of depopulation and population loss in
urban and local contexts. There is a mutual relationship between rural and urban areas,
where the dynamics of one tend to influence the other in an osmotic manner. However, the
awareness of differentiated and often non-generalizable results has led numerous scholars
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to focus exclusively on population change in rural or urban contexts, neglecting the pivotal
role of local interaction and contagion dynamics (Wolff and Wiechmann 2018).

Returning to the impact that transport infrastructures have on population change,
differentiated effects at the rural /suburban and rural levels have been identified (Chi 2012).
In rural areas, transport networks tend to favor population growth. Improving transport
networks may attract individuals from more polluted urban areas (Isserman et al. 2009).
This improvement may also attract firms, leading to job creation and economic growth
(Graham and Gibbons 2019). This, in turn, stimulates local population change (Rasker et al.
2009). Furthermore, by reducing the travel time to surrounding areas, transport networks
expose rural areas to larger markets and create more opportunities.

Furthermore, in the international literature on rural depopulation, a central topic is
the provision of essential facilities and services necessary for residents in rural areas to
maintain an adequate quality of life (Farmer et al. 2012; Neumeier 2016). In this vein, public
spatial planning can play a crucial role in addressing issues related to the facility decline
(Christiaanse 2020). Following this reasoning, some countries (i.e., The Netherlands) have
introduced policies that allocate funds to rural areas to tackle the challenges associated
with three key areas, namely housing, economic competitiveness, and the availability of
facilities and services (Haartsen and Venhorst 2010).

In suburban areas, improvement in accessibility may have a variety of significant
effects. First, better transport networks may increase property values in suburban areas,
making them more attractive for residential and commercial uses (Debrezion et al. 2007),
positively influencing population growth as people move away from congested urban cen-
ters in search of better living conditions (Chi 2012). Second, the progressive strengthening
of transport infrastructures contributes to urban expansion, gradually decongesting city
centers (Ewing 1997), thus reducing travel time and emissions. Furthermore, it may have
certain social and community benefits. Better accessibility in suburban areas may foster
social integration by facilitating easier mobility between various locations (Graham and
Gibbons 2019). Additionally, it provides suburban residents with better access to essential
services, such as healthcare, education, and retail (Litman 2015).

Finally, the relationship between improved accessibility and population change is
more complex in urban areas than in surrounding ones. In general, advancements in
transportation infrastructure typically follow a U-shaped pattern. Initially, an improved
transport network may yield positive effects, fostering connectivity and accessibility to
remote neighborhoods and leading to demographic growth. However, beyond a given
threshold, additional improvements may have adverse effects, such as environmental
pollution, noise, and declining property values near major infrastructures (Chi and Parisi
2011).

Although primarily exploratory in nature, the empirical analysis, which is conducted
on a local scale, will allow us to assess how the impact of accessibility on aging and foreign
presence may vary across different territorial contexts.

3. Methodology

In this section, the data used to calculate the three indicators in the empirical analysis—
RAI, SOP, and SFP—wll first be described, along with a brief description of each (Section 3.1).
Then, the local spatial autocorrelation analysis is conducted, and the indicator chosen for
this purpose will be presented (Section 3.2). Finally, the last part will cover the global (OLS)
and local (GWR) regression models used (Section 3.3).

Before proceeding, it seems useful to mention that the analysis was conducted using
three distinct software tools, namely GeoDa (version 1.22) and MGWR 2.2 (Oshan et al.
2019) for the spatial econometric analysis and QGIS (version 3.36.2) for the construction of
thematic maps.
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3.1. Data and Indicators

The data used in this study have been provided by the Italian National Institute of
Statistics (ISTAT) and consist of two different datasets. The first one corresponds to the
resident population in each Italian municipality in 2021 broken down by age and nationality
(i.e., country of citizenship).

The second one is part of a 2021 municipal-level study on accessibility to infrastructure
nodes involving four transport networks, namely road, railway, maritime, and air (ISTAT
2023).

The demographic indicators are the share of the older population (SOP), defined as
the ratio of people aged 65 and over to the total population per 100 residents, and the
share of the foreign population (SFP), defined as the ratio of foreign residents to the total
population, also per 100 residents.

In terms of accessibility, we have focused on the motorway and rail transport networks
(i.e., land accessibility). ISTAT has recently proposed two distinct accessibility measures for
each municipality, namely the distance (in minutes) to the nearest infrastructure, defined as
“cost to closest”, and the opportunities provided by nearby infrastructures, as determined
by the gravitational model. The first measure treats all infrastructures equally in terms of
services and options, representing a form of “potential” land accessibility. The second mea-
sure considers the actual services and options provided by these infrastructures, influencing
an individual’s willingness to access them. This latter measure is a more accurate gauge
of “real” accessibility to transport infrastructures. In order to have an overall reference
for land infrastructure, the indicators published by ISTAT for each municipality for rail
and road “real” accessibility were first standardized and then an arithmetic mean was
calculated for each municipality. Finally, a min-max approach was used to recalculate this
value. This index is defined as the real accessibility index (RAI).

The empirical analysis has been conducted at the municipal level, encompassing
slightly more than 7900 statistical units. The geographic data (shape files) for these munici-
palities have also been provided by ISTAT.

All the data used are available on the official ISTAT website.

3.2. Local Spatial Analysis

The empirical research involves an exploratory spatial data analysis that has been
increasingly used in population-based studies in recent years (Matthews and Parker 2013).
In the first part of the paper, the spatial distribution of the indicators (RAI, SOP, and SFP) is
investigated by using thematic maps and the local univariate G; index of Getis and Ord
(Getis and Ord 1992; Ord and Getis 1995).

This index identifies the areas in which comparatively high (or low) values of each
indicator are near each other, creating local spatial clusters. Clusters of comparatively high
values represent hot spots, which are spatially contiguous areas in which the value of the
observed indicator is high. By contrast, clusters of comparatively low values are defined as
cold spots and depict contiguous areas in which the value of the observed indicators is low.
Finally, there is a third cluster of areas in which no spatial structure is observed, with the
distribution following a random pattern.

The attribution of spatial weights involves a first-order queen-based contiguity matrix,
whereby two territorial units (i.e., municipalities) are considered adjacent if they share a
boundary or geographic limit. The variables in all the spatial autocorrelation analyses are
expressed in a standardized form, whereby their means are zero and their variance one. In
addition, the spatial weights are standardized in rows. The hypothesis of the existence of
a condition of univariate and bivariate spatial clustering has been tested at a 5% level of
statistical significance (p-value < 0.05).

3.3. Regression Analysis

The second part of the empirical research involves a regression analysis to understand
the net effect of the RAI on SOP and SFP individually. A local regression approach using a
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geographically weighted regression model (Fotheringham et al. 2003) has, therefore, been
adopted using ordinary least square (OLS) models as a benchmark.

The GWR model has been estimated using a golden section algorithm (to identify the
best bandwidth, i.e., the number of municipalities for estimating the different local models)
and a spatial kernel of the adaptive bi-square type for the process of model-weighting in
the calibration phase. This type of kernel is appropriate when the distribution of statistical
units (centroid) is not uniform (as in our case; see Figure 1). We have used the corrected
Akaike information criterion (AICc) for optimization purposes.

[ Regional boundaries [ Regional boundaries [ Regional boundaries
B Low (<=6.7) [1593] <= 21.9 [1581] <=2.8 [1581]
I Medium low (6.7 — 16.3) [1568] 21.9 - 24.4[1580] 2.8 -4.8[1580]
I Medium (16.3 — 27.7) [1593] [ 24.4 - 26.8 [1581] [ 4.8 -7.2[1581]
| Medium high (27.7 — 40.4) [1568] I 26.8 - 29.8 [1580] I 7.2 - 10.1 [1580]
High (>40.4) [1581] B > 29.8 [1581] B > 10.1 [1581] S B ke

Figure 1. Quantile maps of the RAI (a), SOP (b), and SFP (c). Italian municipalities, 2021.

The regression analysis first estimates an OLS (global and non-spatial) model. This
model and its results serve as a benchmark in evaluating the performance of the GWR
model. The evaluation of the two models has been conducted according to the standard
parameters relating to their explanatory capacity (R?) and overall performance (AIC). In
addition, we evaluated the spatial stationarity in the residuals of both models by conducting
a Moran’s [ test for residual spatial autocorrelation (Moran 1948). For this aim, as in the
local spatial analysis (Section 3.2), a first-order queen-based contiguity matrix was used.

Prior to the regression analysis, the variables (SOP, SFP, and RAI) have been stan-
dardized into a Z distribution, whereby each one of them has a zero mean and a standard
deviation of one.

4. Results

This section presents the results of the spatial analysis of the geographic distribution
of the selected indicators (Section 4.1), followed by the results of the GWR models, using
OLS as a benchmark (Section 4.2)1.

4.1. Geographic Distribution and Local Spatial Autocorrelation Analysis

The geographic distribution of the three elementary indicators (Figure 1) reveals a
complex mosaic in which several spatial patterns can still be discerned. Italy is characterized
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by a marked heterogeneity in geo-demographic terms, being a foundational characteristic
and a distinctive feature (Billari and Tomassini 2021).

Concerning the spatial distribution of the RAI, Figure 1a shows that high values tend
to concentrate more near large Italian cities (e.g., Milan, Rome, Naples, Turin, and Florence).

Notably, there is a gradual decline in accessibility levels as one moves away from
these urban centers towards progressively more remote ones. This trend is particularly
evident when examining the hinterland, which includes municipalities located close to the
Apennines and in the foothills of the Alps.

Regarding the spatial distribution of the SOP (Figure 1b), major Italian cities have
a less aged population, probably due to the employment opportunities that attract a
younger demographic both from other parts of Italy (internal migration) and from abroad
(international migration). Figure 1c reveals a clear north-south divide regarding the foreign
population. The north accounts for higher values of the RAI, particularly near major
cities and areas with an industrial presence. These are Italy’s more dynamic areas from
a demographic and economic perspective (Buonomo et al. 2024). Although some spatial
patterns emerge, such as the urban—rural dichotomy and the north—south divide, the level
of heterogeneity remains quite high, due also to the small geographical scale adopted.

Analysis of the local spatial autocorrelation index of Getis and Ord (Figure 2) can help
highlight the hot and cold spots in the distributions of the three indicators, thereby making
them easier to interpret.

[ Regional boundaries [ Regional boundaries [ Regional boundaries
Not significant [3843] Not significant [5066] Not significant [4438]
I Hot spot [1842] I Hot spot [1287] I Hot spot [1545]
I Cold spot [2204] I Cold spot [1536] I Cold spot [1906] 2 el bl

Figure 2. Hot spot and cold spot based on G;. RAI (a), SOP (b), and SFP (c).

The spatial patterns that emerge are quite different from one indicator to another. In
the case of the RA] it is noticeable that inland areas and some coastal ones, particularly
located in the southern quadrant and on Sicily and Sardinia, are characterized by clusters
of municipalities with low accessibility levels (cold spots). However, this same situation
applies to many areas in both northern and central Italy. It is no coincidence that the cold
spots outnumber the hot ones (2204 versus 1842). This latter group, however, has a more
concentrated geographic distribution in the north, especially in highly urbanized areas.
The geographical distribution of Hot Spots in northern Italy, unlike in the south and center,
surpasses administrative boundaries, forming supra-regional clusters.

The SOP indicator also shows a higher number of cold spots than hot ones and,
compared to RAl its territorial distribution, has fewer clusters (there are 5066 municipalities
where the distribution is not spatially dependent). The cold spots mainly affect some
areas in the north, including Trentino Alto Adige, a region known for its relatively high
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birthrate compared to other parts of Italy, as well as much of the Po Valley, and generally the
conurbations around large cities, particularly the 14 metropolitan cities (see cartographic
Appendix A for a better representation of administrative geographies). Conversely, the
hot spots seem to prevail in the hinterland, especially in the center—south. In the north,
a vast and compact area of this type of municipal cluster corresponds to parts of Emilia
Romagna, the northwestern quadrant, and practically all of Liguria, one of Italy’s most
aged and demographically fragile regions.

Finally, the SFP indicator is geographically very clear. Italy is essentially split in two.
All the hot spots are in the center—north, particularly in urban areas, albeit not exclusively
so. Clusters also affect inland and more peripheral areas. The south, and particularly Sicily
and Sardinia, contain the bulk of the cold spots.

4.2. Regression Models

The regression analysis should be considered an exploratory approach here, with the
aim being to assess the local (and overall) impact of the RAI on the SOP and SFP, without
making any causal or explanatory claim.

We have, therefore, estimated two models. SOP is the dependent variable in model 1,
and RALI is the independent one. SFP is the dependent variable in model 2, and RAI is,
again, the independent one. We first present the results of the overall OLS non-spatial
regression model (Table 1), which acts as a benchmark for the local regression model (GWR)
at the core of this analysis.

Table 1. OLS model.

Model Beta p-Value
model 1 (SOP = f RAI) —0.326 0.000
model 2 (SFP = f RAI) 0.179 0.000
RZ model 1 0.106
R? model 2 0.032
AIC model 1 21,542.626
AIC model 2 22,173.894
Moran’s I model 1 residuals 0.578
Moran’s I model 2 residuals 0.578

Overall, there is an inverse relationship between RAI and SOP (—0.326 with a p-value
of 0.000). This means that accessibility reduces the SOP and, in a certain way, affects the
aging process in the different local contexts. As expected, there is a direct relationship
between the RAI and SFP (0.179 with p-value 0.000). This means that accessibility acts as a
magnet for the foreign migrant population, whereby greater accessibility, typically in urban
areas (Figure 1, panel a), also increases the SFP. The explanatory capacity of both models
is limited, even though the RAI alone in model 1 explains around 11% of the variance in
the dependent variable. It is important to remember, nonetheless, that this analysis seeks
solely to explore the relationship at the local level between the selected variables.

The GWR models (Table 2) perform better than the OLS models, with a higher R?
and a lower AIC. However, it is important to note that this better performance is likely
largely attributable to the intercept. Moreover, the residual correlation in the GWR models
is very close to zero, whereas in the OLS models, the residual correlation is quite high (see
Tables 1 and 2).

The local coefficient’s summary statistics show that the local parameters (local beta) in
both models are characterized by geographic variability.

One of the main strengths of local models is the ability to map local parameters
(Matthews and Yang 2012). Figures 3 and 4 show the geographic distribution of the local
coefficients. When mapping the local coefficients, we have assumed two t-values to protect
against potential false positives resulting from the small bandwidth at which the local
regressions are estimated (Yu et al. 2020).
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Table 2. GWR model 1.

Model Mean Standard Deviation
model 1 (SOP = f RAI) —0.567 2.840
R2 0.677
AIC 15,030.774
Moran’s I model 1 residuals 0.036
model 2 (SFP = f RAI) 0.288 1.629
R2 0.608
AIC 16,568.788
Moran’s I model 2 residuals 0.036

1 Spatial kernel: adaptive bisquare; criterion for optimal bandwidth: AICc; bandwidth used: 45.
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Figure 3. Model 1 (SOP = f RAI). Local beta: (a) (t & 3.83), (b) (t £ 1.96).

An analysis of the geographies and intensity of the signs of the local coefficients allows
us to identify certain concrete evidence (Figure 3). The most significant negative effects
are in the hinterland where, as the indicator’s thematic maps show, aging is more intense
and greater accessibility significantly reduces it. The effect is mildly negative (and in some
cases positive) in coastal areas, where high accessibility increases aging. These are areas
with extensive amenities, such as the northwestern part of Sardinia, coastal parts of Sicily,
Liguria, and rural areas in Tuscany. These areas have always been affected by retirement
migration, including foreign arrivals. In this case, greater accessibility combined with high
environmental and territorial capital increases aging. Although generally highly accessible,
large cities are not statistically significant. This means that accessibility in urban contexts is
not a driver of aging, which is evidently influenced more by other factors.

In the case of the geographies of the local betas of model 2 (Figure 4), the effect
is in most of the cases positive, so a higher real accessibility basically corresponds to a
higher SFP.

However, what emerges seems interesting and can be summarized as follows.

Accessibility plays a role in the SFP in a heterogeneous way throughout the territory in
terms of signs and intensities at the local level. In some cities in the north, the relationship
between higher accessibility and a higher SFP is confirmed. In the center and south, this
relationship is less apparent. In southern Tuscany, finally, the relationship is negative (or
in some cases mildly positive); these are areas where greater accessibility corresponds to
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a lower SFP (in relative terms). This includes the southern province of Livorno and part
of Grosseto, which are not particularly dynamic areas from a demographic point of view,
and certainly not especially attractive to foreign arrivals. The same relationship is observed
on the southern tip of coastal Lazio and the Ragusa area of eastern Sicily. The situation in
the south is fragmented and not easy to interpret, suggesting that there is no link between
greater real accessibility and a higher SFP. This is because foreign arrivals in the south
prefer locations that are not strictly urban (where lower accessibility is assumed). It should
also be considered that the SFP in the south is relatively small (accounting for just under
900,000 in the entire region compared to five million nationwide, of whom 25% are in
the center).

r/ ) /"
/r‘/N ° v /N

[ Regional boundaries [_] Regional boundaries - -
Il -4.3 - 0.5[97] Bl -6.4 - 0.3 [458]
B 0.5 -0.9[97] B 0.3 -0.5[457]
0.9 — 1.9 [96] 0.5 -0.9 [457]
1.9 - 31.3[97] 0.9-31.3 [457] R

Figure 4. Model 2 (SFP = f RAI). Local beta: (a) (t £ 3.83), (b) (t £ 1.96).

5. Discussions

Italy is a geographically complex country, characterized by an aging population,
persistently low fertility (Billari and Tomassini 2021), and deep territorial divides (Zambon
et al. 2020; Viesti 2021). The native population is shrinking, and future demographic
forecasts indicate that the population is set to fall sharply, from 59.2 million on 1 January
2021, to 57.9 million in 2030, 54.2 million in 2050, and 47.7 million by 2070.

This decline will not affect the entire territory uniformly, but it is likely to impact
those areas that have already been experiencing demographic contraction, if not outright
depopulation, for many years (Reynaud et al. 2020).

At the same time, the foreign population is growing, primarily due to the positive net
immigration recorded in recent times. This migrant population will significantly impact
Italian society and its various territorial contexts in more ways than purely demographics
(Termote 2005).

These processes conceal significant local heterogeneity, which although it has already
been investigated in various studies, it does not appear, to the best of our knowledge, to
have been examined in terms of transport accessibility.

This is quite surprising if we bear in mind that accessibility to territories can play
an important role in configuring population settlement patterns by socio-demographic
characteristics, such as age or nationality. In this sense, the level of accessibility can
make attractive or repulsive a territorial context, influencing its demography. Indeed,
demographic dynamics, which can lead to depopulation in some rural areas or to the
isolation of subpopulations, such as the elderly one, can depend on the conditions of access
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to these contexts. The lack of adequate land accessibility often forces rural populations to
travel long distances to meet basic needs and access services (Van den Heuvel et al. 2014),
and in general, low accessibility is a factor of depopulation and demographic weakness
(Panagiotopoulos and Kaliampakos 2024; Melo et al. 2022; Rodriguez-Rodriguez and
Larrubia Vargas 2022; Alama-Sabater et al. 2019, 2021; Sanchez-Mateos and Pulpén 2021),
albeit with a certain degree of local variability (Benassi et al. 2021b).

This issue is particularly relevant given the profound differentials in logistical infras-
tructure (and more) that differentiate the Italian territory—especially at the intra-regional
level—and have been addressed by active intervention policies, with the best known and
significant being the Strategy for Inner Areas (Barca 2009).

This contribution, which expands upon a preliminary study (Carella et al. 2024), has
used local spatial analysis tools to (i) explore the spatial dimension of accessibility (RAI)
and two demographic indicators (the share of older population, SOP, and the share of
foreign population, SFP) and to (ii) estimate the (global and local) impact of accessibility
(RAI) to the other two demographic indicators (SOP and SFP).

The results are naturally partial and improvable, as the study represents an initial,
predominantly exploratory, attempt. However, certain emerging elements seem useful for
better guiding future studies and for making a few initial considerations.

The first result is that all three indicators are not space independent. On the contrary,
their geographical distribution outlines rather clear spatial patterns that only partly reflect
the well-known north-south dichotomy. Ignoring this dimension could, therefore, lead to
the implementation of ineffective intervention policies. From this perspective, the urgency
of thinking locally in terms of quantitative analyses that are useful for territorial planning
and local societies becomes quite clear (Fotheringham and Sachdeva 2022)

The accessibility of territories, and, thus, their level of infrastructure and connectivity,
has a negative impact on the SOP and a positive one on the SFP. This indicates that better-
connected territories are more attractive, less aged, and, one assumes, demographically
less static. Greater accessibility is necessary to not only attract people but also to foster
territorial redistribution according to a regional demographic development scheme that
should aim toward polycentric models (Benassi et al. 2024).

An arrangement of medium-sized cities, well connected to each other, promotes bal-
anced territorial development and defuses processes of spatial polarization in which some
areas gain—typically those with high accessibility—while others that are geographically
isolated and aged lose out (Cardoso 2022).

In the long run, demographic and territorial systems of this nature, based on com-
petitive rather than cooperative/redistributive logics, are destined to lose out overall,
concerning both urban populations—compressed into spaces defined by low quality of life
and significant environmental impacts—and those living in rural or non-urban contexts
that seem destined to disappear, except for rare cases, where the lack of essential services
and dynamic labor markets leads to significant demographic contraction and depopulation
(Benassi et al. 2021b).

Even within a framework of high local heterogeneity, investing in accessibility seems
capable of “breaking” this polarized dynamic, reconnecting places, and, thus, promoting the
connection of populations. Naturally, it is necessary to consider smart and environmentally
friendly forms of mobility.

It is, therefore, crucial to develop policies that both maximize the area’s connectivity
by enhancing infrastructure and improving physical accessibility, also taking into account
increasing the attractiveness by strengthening its economic competitiveness.

In this direction, a combination of national /regional and local policy interventions
should be implemented. These could include the improvement of public transportation
networks, subsidized public transportation programs, or rural connectivity initiatives
able to improve accessibility in rural or less populated areas. In terms of enhancing the
competitiveness of these areas, public policy initiatives could include measures such as
income tax reductions, offering housing at symbolic prices to individuals who choose to
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settle permanently in rural areas or regions experiencing progressive population aging (as
already implemented in at-risk areas of Sicily), or implementing labor market incentive
policies at the macro-regional level (i.e., promoting female or youth entrepreneurship).

The combination of these strategies (at the macro and micro-local level) could make
these areas more appealing to migrants from other parts of Italy and abroad, thereby
potentially mitigating the effects of population aging (Benassi et al. 2024)

The findings of this study can act as a valuable guide, emphasizing the significance of
adopting a local approach to planning public efforts. Additionally, the study highlights the
importance of considering territory accessibility (alongside economic and social factors)
when formulating both macro and micro policy actions.

However, it is important to recognize that a local approach may lead to results that are
not generalizable across different local areas, but it is specific to the reference area. If this
method can be time-consuming and costly, applying a macro global model risks leading
to misleading results. The social cohesion of the various local contexts, as has always
been emphasized even at the European level (European Commission 1999), depends on
connected and interacting territorial systems capable of attracting population (domestically
but also and especially from abroad) and promoting territorial redistribution. Investing in
accessibility may well marshal this necessary change, even if only partially so.

6. Conclusions

The aging of the population and foreign presence (due to international migration) are
two of the most important demographic processes currently ongoing in Italy (Billari and
Tomassini 2021). Usually, the foreign population has been seen as a counteractor of the
aging of the population due to its younger age structure and comparatively higher level of
fertility, at least in the short and midterm. The paper showed that both processes (aging
and foreign presence) are essentially spatial processes characterized by spatial variability
and spatial dependence. Moreover, results showed that accessibility can play a pivotal
role in such demographic processes, although in a framework of a high level of local
heterogeneity. Based on the regression results, we can say that policies aimed at improving
the level of accessibility of the local territorial contexts could have positive impacts on local
demographic imbalances.

Nevertheless, in line with the results of other contributions (lammarino et al. 2019;
Panagiotopoulos and Kaliampakos 2024), although improving accessibility plays a key role
in shaping the territorial distribution and (re)distribution of people and economic activities,
spatial inequalities can only be addressed through appropriate locally tailored policies.
From this perspective, local approaches confirm their usefulness in supporting place-based
policies (Fotheringham and Sachdeva 2022; Benassi et al. 2024).

The study has some limitations and leaves some open doors for further development.
In terms of limitations, it should be noted that the analysis is based on three indicators
related to a single year and computed based on cross-section data. The analysis conducted
is explorative, and the regression models used (OLS and GWR) are very simple in terms
of covariates.

Further developments could regard the implementation of a diachronic analysis so
that we can refer to the level of accessibility to some measures of population change (such
as demographic growth rate or similar). We could enrich the mode-independent variables
and, therefore, try to use a local regression model with a varying bandwidth, namely the
multiscale geographically weighted regression model (MGWR).
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Figure Al. Italian geographies. (a) Macro regions; (b) Regions; (c) Metropolitan cities; (d) Urban
(Cities, Towns and Suburbs) and Rural Municipalities.

85



Economies 2024, 12, 248

Notes

1 For a better reading and interpretation of the results, it is recommended to consult not only the maps included in this section

but also those provided in the Appendix of the contribution, which relate respectively to the Italian macro-regions, Italian
regions, Italian metropolitan cities, and Italian municipalities classified as urban and rural according to the degree of urbanization
(Degurba) indicator.
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Abstract: This paper aims to facilitate a more nuanced understanding of regional disparities in the
population age structure at a local scale by applying a recent method for visualizing these disparities.
Utilizing data from the three most recent population censuses in Greece, this method applies advanced
data visualization techniques to map age distributions, highlighting significant variations in aging
patterns across municipalities, towns, and districts. Traditional demographic analysis often overlooks
local heterogeneities, leading to broad policies that often fail to address the unique needs of specific
regions. Detailed maps are created by integrating geographic data with census data (using R and GIS),
enabling policymakers to pinpoint areas with specific demographic challenges and opportunities.
This localized approach reveals critical insights, such as regions experiencing rapid population
aging, areas with younger population profiles, and zones undergoing demographic transitions.
The visualization tool significantly improves the formulation of targeted strategies, enhancing the
effectiveness of policies related to healthcare, workforce planning, and social services distribution.
Through case studies and comparative analysis, we demonstrate the practical applications and
advantages of this method in shaping public policy and strategic planning. This paper contributes to
the field of geodemography by introducing and demonstrating a visualization method that enhances
the accuracy of demographic analysis, providing policy makers with useful information to better
address local demographic challenges and tailor strategies to specific regional needs.

Keywords: population; age structure; aging; census; mapping; regional variations; inequalities;
geodemography; GIS

1. Introduction

A country’s population census serves as the primary source of information regarding
the population’s size, geographic distribution, and social, demographic, and economic
characteristics (UNFPA 2002; Baffour et al. 2013; Killick et al. 2016; MacDonald 2019). The
census aims to produce statistics that are relevant and useful to the end users—citizens
and organizations (Warren 2014). This is its main statistical objective (Ricciato et al. 2020).
Therefore, every action related to the census should focus on delivering a product that
meets the needs of these users, whether they are individuals or organizations interested in
the data. The data collected through the census offer insights into various aspects of society,
enabling the implementation of appropriate policy interventions. By ensuring that census
data are effectively utilized and communicated, the development of targeted policies and
strategies that better address the diverse needs of society is enhanced.

The organization responsible for conducting the census meticulously plans and de-
signs all of the necessary tools and measures to ensure that the task is successfully executed.
Given that the data are ultimately intended for user consumption, many of the questions
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included in the census may be formulated in consultation with these users. Conducting a
census is an expensive undertaking, funded by the users themselves, which necessitates
careful and thoughtful design (United Nations 2001).

Censuses are primarily conducted to gather crucial information that governments need
to develop appropriate policies, improve public services, and support research by providing
accessible data. These data serve as the foundation for understanding demographic trends
and making informed decisions at both local and national levels. They can be used to
produce statistics on the population and its characteristics, offering a snapshot of the
population in a specific area at a specific point in time, complete with spatial references.
Traditional censuses, involving the direct enumeration of the entire population, remain
widely used and provide invaluable resources for comprehensive and detailed studies of a
country’s demographic profile (Yildiz and Smith 2015).

What sets the census apart from other statistical data sources is its comprehensive
geographical coverage. This wide-reaching scope allows for a detailed and representative
analysis of demographic patterns across diverse areas. It encompasses the entire country,
ensuring that every region is included. Another key advantage is the comparability of
statistics across different census periods, allowing for consistent and reliable data on all
individuals residing in any specific area or subgroup within the population (UNFPA 2002).

Demography is the study of populations (Landry 1945). Population structure is a
fundamental indicator of a country’s demographic profile, reflecting trends in birth rates
(Tragaki and Lasaridi 2009), mortality rates (Andreopoulos et al. 2021, 2023a, 2023b), and
migration (Rovolis and Tragaki 2006; Vollset et al. 2020). Grasping the dynamics of the
population structure at both the national and local levels is crucial for policy makers, re-
searchers, and communities, as it offers insights into societal challenges and opportunities
(Matthews and Parker 2013). Over the past two decades, Greece has experienced substantial
demographic changes, driven by factors such as a rising life expectancy, declining fertility
rates, and changing migration patterns. Understanding these demographic shifts at a local
level is essential for capturing the nuances of population changes across regions. Mapping
and analyzing the population structure in Greece during that period offers critical insights
into the country’s demographic evolution and can inform the development of strategies to
address emerging challenges. Population aging has emerged as a prominent demographic
trend in Greece, mirroring the global patterns observed in many developed countries. As
life expectancy rises and birth rates continue to decline, the proportion of older persons
within the population is steadily growing (Kotzamanis 2009; Kotzamanis et al. 2018). This
demographic shift has significant implications for various aspects of Greek society, includ-
ing healthcare systems, labor markets, and social welfare programs. Regional disparities in
aging patterns require tailored policy responses. To effectively address the consequences
of an aging population, it is crucial to understand the spatial dimensions of this phe-
nomenon. In addition to broad national policies, targeted interventions tailored to the
specific needs and conditions of each region are essential. Developing and implementing
these interventions requires the use of spatial data, employing modern methods of analysis
and presentation.

Apart from births and deaths, the population structure of Greece has been shaped
by movements, both internal and international (Kotzamanis 2021). Internal migration,
mostly driven by economic inequalities and employment opportunities, has led to a strong
redistribution of the population within the country, while migratory waves, both incoming
and outgoing, have reshaped the country’s demographic composition.

The demographic shifts observed in Greece over the past two decades are not isolated
events but are related to broader social, economic, and political developments spanning
the last 40 years. Demographic changes occur slowly and their consequences are not
immediately reflected by the indicators. However, certain events can accelerate these
changes. The economic crisis in the late 2000s, which severely affected the Greek economy
and led to austerity measures and structural reforms, had a lasting impact on population
dynamics (Kotzamanis et al. 2017). High unemployment rates, especially among young
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people, have affected migratory flows, with many Greeks seeking opportunities abroad in
search of better prospects. In addition, the economic recession had an impact on family
planning decisions, contributing to lower fertility rates and changes in household structures.

Besides socio-economic variables, the spatial distribution of the population in Greece is
also influenced by environmental factors such as topography, climate, and natural resources.
Coastal areas and islands, for example, may attract more inhabitants due to their favorable
climate and access to marine resources, leading to a higher population density. This
demographic shift is often influenced by regional economic and lifestyle factors. Conversely,
mountainous or remote areas may experience depopulation or population aging due to
limited economic opportunities and infrastructure. Therefore, environmental assessments
are fundamental in understanding the geographic heterogeneity of the population structure
in Greece and identifying areas that may be vulnerable to demographic challenges or
environmental risks (Kalogeropoulos 2020; Kalogeropoulos et al. 2023).

Mapping and analyzing the population structure in Greece over the last twenty
years provides valuable information on the demographic evolution of the country and the
challenges and opportunities it presents. Focusing on trends in population aging, migration,
and regional disparities, researchers can identify areas that need targeted interventions
and inform evidence-based policy decisions. This approach enables a deeper analysis of
demographic dynamics at the local level. Understanding the complex interplay of economic,
social, cultural, and environmental factors is essential for developing integrated strategies
that promote sustainable development and social cohesion across the country. These
insights help to inform data-driven decision making at local and national levels. Therefore,
mapping census data are another way to disseminate these data (van Elzakker et al. 2003;
Kalogeropoulos 2020).

In this paper, a multidisciplinary approach that integrates demographic data us-
ing spatial analysis techniques such as R and GIS at the municipality level is proposed
(Wardrop et al. 2018). For the analysis and mapping of the population structure in Greece,
a new method to capture population aging was used, as proposed by Kashnitsky and
Scholey (Kashnitsky and Scholey 2018). This approach maps age structures with a tripartite
color coding system, assigning colors to three main age groups: >15, 15-65, >65 years. Each
municipality is assigned a specific color according to its age structure. The color coding has
been modified to retrieve data from Greek databases, allowing the population structure of
each municipality to be visualized accurately. This paper contributes to geodemography
by presenting and indicating a visualization technique that boosts the precision of demo-
graphic analysis, providing policy makers with valuable information to better address local
demographic challenges and adapt policies to specific regional needs. Furthermore, by
utilizing data from the three most recent censuses in Greece, this study provides a valuable
longitudinal perspective on population aging trends.

2. Methodology
2.1. Data Used

The data used in this paper come from the population censuses conducted by the
Hellenic Statistical Authority (ELSTAT) for the years 2001, 2011, and 2021. Specifically, data
on the number of people in the age groups 0-14, 15-65, and >65 years at the municipality
level were used (for 2001 and 2011, data were reduced to the data for the 332 municipalities
present in 2021). The next Figure (Figure 1) presents the study area, Greece (regions of).

2.2. The Used Methodology

For the purposes of studying and mapping the age structure of the Greek population, a
new approach was used to investigate the diversity of population aging. This approach was
originally proposed in Kashnitsky and Scholey work (Kashnitsky and Scholey 2018). This
method has since been adapted for various regional studies. In these studies, the population
structure of Europe is investigated at the regional level. Instead of any single summary
measure for aging, the entire population age structure is mapped using a tripartite color
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coding system (palette)—a technique that maximizes the amount of information conveyed
by colors (Figure 2). This figure shows the three main categories to be mapped and relates
to the age groups <15, 1565, and >65 years. The colors purple, blue, and yellow are
assigned to these groups, respectively. Depending on the population structure, each spatial
unit (municipality) is given a specific mixture of the above colors depending on its age
structure (each municipality is shown as a point in the palette), as shown in Figure 2. This
means that the closer to blue, the greater the relative presence of a working-age population
in this municipality. Intermediate shades represent a mix of these age groups. The closer
to purple, the younger the population (% of children under 15 years old), and the closer
to yellow, the more aged the population of the municipality. All the intermediate colors
visualize the remaining percentages of the population structure of each municipality. Each
municipality is presented as a black dot within the color palette.

Figure 1. The study area—Greece (regions of).

With this approach, each element of a three-dimensional data array composition, such
as the three age groups here, is represented by a unique color. This method enables the
visualization of complex demographic data in a clear and intuitive way. The use of color
mixing to encode multidimensional data into a single feature has been proposed by several
authors (Dorling 1991; Kashnitsky et al. 2017; Kashnitsky and Scholey 2018). Since then, the
approach has been used to map electoral outcomes in a three-party system, the composition
of the labor force by sector, soil textures, the composition of Arctic sea ice cover, and causes
of death (Scholey and Willekens 2017). This method has proven to be a versatile way to
represent diverse datasets through visual means. In this paper, color coding was used to
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investigate differences in population structures in Greece by modifying the R code freely
provided by Kashnitsky and Scholey (Kashnitsky and Scholey 2018). Thus, while their
code was directly linked to the corresponding Eurostat data (descriptive and spatial), in
this paper it was modified to retrieve the corresponding data for Greece from indicated
databases. This ensures an accurate representation of demographic proportions in the visu-
alizations. The percentages of each category are superimposed on the mapping color palette
to give each municipality the corresponding color representing its population structure.

\]O‘
[0 )

Figure 2. Color mapping palette (each black dot is a municipality).
2.3. Software Used

The data analysis was conducted using R software (version 4.1.3). Specific packages
used within R included ‘tidyverse” for data manipulation and visualization, ‘rgdal’ for
handling spatial data, and ‘ggplot2” for creating plots, as provided by Kashnitsky and
Scholey (Kashnitsky and Scholey 2018). We avoided using the packages ‘st’, ‘stars’, and
“terra’ to prevent potential comparability issues with other Tricolore publications. Then, the
maps extracted from R were imported into ArcGIS Pro 3.2 (ESRI, Redlands, CA, USA) to be
supplemented with additional data such as a layer representing the regions of Greece.

3. Results and Discussion

Analyzing primary data from the three most recent censuses reveals some key trends
in the evolution of the country’s population structure. Notably, the 15-64 age group
has experienced an overall decline. This indicates a reduction in the proportion of the
population within this working-age group between 2001 and 2021. In contrast, the over
65 age group has shown an overall increase, reflecting a rising number of older adults
during the same period. The 0-15 age group presents a more complex picture, with
some areas experiencing declines and others seeing increases. However, the general
trend suggests a decrease in this younger demographic, as negative changes outnumber
positive ones.

Overall, these findings indicate a demographic shift towards a more aged population
between 2001 and 2021, characterized by a decline in the working population (15-64 years)
and a rise in the older population (over 65 years). In addition, there appears to be a slight
decrease in the proportion of the population aged 0-15 years, although the trend in this
age group is less consistent.
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The following maps eloquently depict the changes in the population structure in
Greece overtime, at the municipality level.

The map in Figure 3 illustrates the changes in the country’s population structure
following the 2001 census, focusing on the level of municipalities and showing the regional
boundaries. The color palette reveals that the average population structure, or intersection,
is found in regions with a lower proportion of elderly individuals and a higher proportion
of adults.

2001

Figure 3. Population structure (2001).

Additionally, there is a noticeable dynamic in the population structure of Greece’s
two major urban centers: the areas surrounding the Municipality of Athens (Athens
Metropolitan Center—Attica Region) and the Municipality of Thessaloniki (shaded in
purple-blue—Central Macedonia Region). This trend is understandable on a macroeco-
nomic level, as these centers house a significant portion of the country’s active workforce,
which drives employment opportunities.

Furthermore, there is a distinct pattern, forming an arc from the municipalities on
the northwestern edge of Greece (e.g., Konitsa, Pogoni, Filiates) within the Epirus Region,
extending to the westernmost part of the Peloponnese Region (e.g., Pylos-Nestoros and
Messini). These areas are characterized by a notably aging population (over 65 years old),
with exceptions seen in the capitals and larger urban centers of the respective regional
units, such as Ioannina (R.U. Ioannina-Epirus Region), Agrinio (R.U. Agrinio—Central
Greece Region), Patras (R.U. Achaia—Western Greece Region), and Kalamata (R.U. Messinia—
Peloponnese Region).
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The map in Figure 4 shows the population structure of the country after the 2011
population census.

Figure 4. Population structure (2011).

Figure 4 displays population data similar to that in Figure 3 but focuses on the aged
population, highlighted in yellow shades, which is primarily located in Western Greece.
This map clearly illustrates the shift towards a higher proportion of individuals aged 65 and
over. Out of 332 municipalities, only 25 have experienced a decrease in this age group,
while the remaining municipalities have seen increases. Notable examples include the
municipalities of Amphipolis (Central Macedonia Region), Nestoriou (Western Macedonia
Region, and Visaltia (Central Macedonia Region), which have experienced increases of
over 10%, and Andritsaina-Krestenon (Western Greece Region), Sintiki (Central Macedonia
Region), Central Tzoumerka (Epirus Region), and Agrafa (Central Greece Region), where
the increase in the aged population exceeds 9%.

The following figure, Figure 5, depicts the population structure of the country based
on the 2021 census.

As shown on the map above, there is a clear shift towards the above 65 years of
age group. The data reveal a consistent pattern: the population aging observed between
2001 and 2011 is mirrored in the data from the 2011 and 2021 censuses. The latest census
continues to reflect the trend in population aging observed over the last 20 years, mainly
in Western Greece. The data reveal a consistent pattern: decline in the younger age group
(0-15 years), minimal changes in the working-age population, and a noticeable increase in
the elderly (over 65 years). This trend is evident throughout Greece and highlights broader
demographic shifts, such as falling birth rates and an aging population. Specifically, cities
like Komotini and Alexandroupoli (Eastern Macedonia and Thrace Region) in eastern
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Greece have seen relatively small reductions of 1% to 3% in the younger population. These
decreases are often accompanied by a modest rise in the elderly population. For instance,
the older people living in Komotini and Alexandroupoli rose by almost 3-4%. On the other
hand, there are also many municipalities where changes are far more pronounced, e.g.,
Grevena (Western Macedonia Region), Dodoni and Zagorio (Epirus Region). Huge drops
in the 15-65 age group (10% or more) and large increases in those over sixty are prominent
in these areas. Depopulation, due to the outward migration of the younger generations,
has aggravated the rapid aging process. For example, in Arriana, the older population
grew by 9.82%, while in Iasmos the above increase reached 11.60% (Eastern Macedonia
and Thrace Region). Thus, this shift in demographics will require major changes to public
policy, healthcare, housing and accommodation, and social services for the elderly.

Figure 5. Population structure (2021).

Examining the whole period over the last 20 years (three censuses), the 0-15 age
group decreased in almost all of the municipalities, which raises concerns about the future
population and economic health. Municipalities like Myki (Eastern Macedonia and Thrace
Region) and Aminteo (Western Macedonia Region) saw big drops of 8.58% and 10.28%.
This could directly affect the quality and quantity of services provided to young persons
(local schools, youth programs, and jobs) causing a vicious cycle that further aggravates
depopulation and aging.

The above figures show changing population patterns that, if not taken into consid-
eration, may undermine regional development. The decrease in young and working-age
people, along with more old people, could make it hard to keep the economy going and
provide social services. Local leaders might need to come up with new ideas to deal with
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these changes. They might try to bring in more young people or increase the number of
babies being born, while also helping older people more.

This is, of course, a consequence of the decrease in birth rates, the flight of a large part
of the economically active population in the years of the economic recession and vice versa,
the increase in the survival rate of elderly people, etc.

Due to the geographical nature of census data, maps are a critical element in conduct-
ing a census or survey, but also in the dissemination of the results. Therefore, mapping is
a very important function of statistical services. Maps are used both by census takers, at
the survey-recording stage of data collection, and in print and electronic publications, as a
supplement to statistical data (Bower 2010).

The decision to adopt this particular color-coding method, originally proposed by
Kashnitsky and Scholey, was due to its ability to visually capture the complexity of the age
structure of the population in a single, intuitive image. This approach allows for a holistic
longitudinal comparison of municipalities. In comparison with other methods, such as
spatial maps, the tripartite palette approach provides information not only on age groups
but also on the balance between them. Given the aging population in Greece, the method
offers clarity and depth in its perspective, thus facilitating policy making. Alternative ways
of presenting the population structure would require many more maps in order to achieve
the same level of detail. However, the chosen technique compresses the multidimensional
age data into a single visual effect.

Kashnitsky and Scholey’s R code was modified in order to achieve compatibility with
Greek demographic data. The original code analyzed data from Eurostat databases. This
link was modified so that the data were extracted from the database created for the needs
of the study. Through testing, the way in which the spatial data were extracted was also
modified to ensure that the tripartite mapping of the population structure by municipality
was accurately mapped.

Traditionally, the role of maps in a census has been to support the enumeration and
presentation of residents and dwellings at all stages of the census process (before, during
and after the census) and to present the results of this on a map. The rapid technological
development that has taken place in recent years (both in GIS science and cartography)
has significantly expanded this role. In addition to the more efficient production of popu-
lation census maps and thematic census maps, GIS now plays a key role in familiarizing
society with the census process and in the more thorough analysis of the data it provides
(United Nations 2000). The cartographic presentation of census results is a powerful tool
as it can support the identification of local patterns of important demographic and social
indicators. As such, maps are an integral part of management policies in the public and
private sectors. Moreover, highlighting spatial variations is important, as it is imperative
and necessary in economic and social planning on the part of the state at local and regional
levels (Kotzamanis and Pappas 2000; Pappas 2001).

4. Conclusions

The present study investigated the evolution of population structures in Greece during
the last two decades, based on data from population censuses. The main emphasis was
placed on mapping and analyzing population aging at the local level, specifically within
municipalities. To achieve this objective, the study used a new approach that adopts a three-
color coding/grading system to visually represent the age structure in each municipality.

The findings reveal notable variations in population aging across different regions of
the country. Some municipalities have already experienced higher levels of aging, while
in others aging is progressing more rapidly compared to the national average. These
disparities may be influenced by factors such as regional economic conditions, migration
trends or access to healthcare services. The use of tripartite color coding has proved
particularly effective in visualizing these differences, making it easier to identify areas that
require targeted attention.
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The study employed a relatively new methodological approach that utilizes trivariate
color coding to represent age structures. This technique has been highly effective in depict-
ing complex population structure data and highlighting spatial variations. By using color
coding to illustrate three distinct age groups (0-14, 15-65, and over 65 years), the method
presents demographic information in a clear and visually engaging manner, enhancing our
understanding of local demographic trends.

The insights provided by the study are valuable for policymakers, researchers, and
local communities, aiding in the development of targeted strategies to address the chal-
lenges of an aging population. Additionally, the tripartite color-coding methodology can
be applied to other demographic or socio-economic data, facilitating the visualization
of complex information and the identification of spatial patterns. The study provides a
lot of information on demographic developments and variations in Greece. Firstly, the
visualization technique used revealed distinct patterns of population aging at a very de-
tailed level, thus highlighting the municipalities experiencing the fastest demographic
changes. Conversely, municipalities with younger populations are highlighted, suggesting
emerging opportunities for investment in youth-oriented education and infrastructure.
In addition, the analysis reveals those transition zones where demographic profiles are
changing, indicating areas that may need to be targeted for the implementation of targeted
policies. Mapping using this method therefore provides the necessary knowledge for the
implementation of appropriate policy interventions.

Despite the valuable insights provided by this study, there are important limitations
that need to be considered. One of these is the reliance on data from only the three most
recent censuses. This means that long-term trends in the population structure may not be
detectable. The method used implies the use of detailed data. This means that it should
be used according to the number of spatial entities used at any one time. Finally, since the
input data are only population data, it is assumed that the socio-economic conditions of
each region are not taken into account and therefore these should be used in the discussion
of the results.
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Abstract: West Virginia, home to approximately 1.77 million residents, has been grappling with
significant economic challenges characterized by persistent poverty and sluggish growth. Despite
ongoing development efforts, the state’s Gross State Product (GSP) has seen only a modest increase
of 0.1% over the past five years, reaching USD 71.7 billion, while the unemployment rate remains at
4.0%. The annualized employment growth rate of 0.7% lags behind the national average, and only
about 54% of West Virginia’s adult population is either employed or actively seeking employment,
resulting in one of the lowest labor force participation rates in the nation. In contrast, certain industrial
sectors, such as healthcare, social assistance, retail trade, and accommodation and food services, have
shown intermittent growth at the county and regional levels. To explore the unique characteristics
and significance of these regions in relation to employment growth, this study examines regional
employment patterns in West Virginia from 2001 to 2020, focusing on the main regions of the
state: Metro Valley, Mid-Ohio Valley, New River/Greenbrier Valley, Mountain Lakes, and Potomac
Highlands. Utilizing shift-share and location quotient (LQ) analyses, this research identifies the
sectors driving regional employment and assesses their performance. Key findings reveal strong
sectoral performance in mining, manufacturing, and finance in the Mid-Ohio Valley; wholesale
trade, transportation, and utilities in the Metro Valley; agriculture and administrative services in
the New River/Greenbrier Valley; agriculture and manufacturing in the Potomac Highlands; and
scientific services, healthcare, and utilities in the Mountain Lakes region. Based on these insights, this
study recommends targeted policy interventions to address regional disparities, enhance sectors with
significant short- and long-term benefits, and foster balanced economic development across the state.

Keywords: shift-share analysis; location quotient analysis; economic growth

1. Introduction

West Virginia, nestled in the Appalachian region of the United States, is one of the least
populous states, with a population of 1,775,513. The state faces negative annualized growth
and ranks 50th among U.S. states in terms of growth rate. Its gross state product (GSP) has
reached USD 71.7 billion, reflecting a modest 0.1% increase over the past five years. Despite
continuous efforts to stimulate economic development, the unemployment rate remains at
4.0%, underscoring ongoing economic challenges (IBISWorld 2024). West Virginia has long
struggled with economic diversification and population decline, exacerbated by the fact
that a significant portion of its residents are aged 65 and older. Given the state’s weaker
economic performance compared to neighboring states and the broader U.S. economy, net
migration has increasingly contributed to its population decline.

The state’s annualized employment growth rate of 0.7% lags behind the national
average, and only about 54% of West Virginia’s adult population is either employed or
actively seeking employment, making it one of the lowest labor force participation rates in
the nation. This presents a considerable obstacle to long-term economic prosperity (Bureau
of Business and Economic Research, John Chambers College of Business and Economics,
West Virginia University 2020). Additionally, factors such as poor health outcomes and
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limited human capital have further hindered labor force participation, affecting the state’s
capacity to expand its workforce and improve economic prospects.

West Virginia’s unemployment rate has fluctuated in recent years, reflecting both eco-
nomic difficulties and demographic trends (IBISWorld 2024). However, certain industrial
sectors, such as the service sector, have experienced intermittent growth at the county
and regional levels. The declining unemployment rate in regions like North Central and
the Eastern Panhandle is partly attributed to relatively healthy economic conditions and
growth in industries beyond traditional sectors, bolstered by infrastructure development.
In addition to these, emerging sectors like healthcare, social assistance, retail trade, and
accommodation and food services have contributed to employment growth in various
regions of the state.

When examining West Virginia’s five key regions—Metro Valley, Mid-Ohio Valley,
New River/Greenbrier Valley, Potomac Highlands, and Mountain Lakes—specific indus-
trial sectors emerge as potential drivers of future growth. A regional economy is composed
of diverse firms and industries, each with distinct growth patterns and economic potential.
Sectoral expansions or contractions can significantly impact overall economic performance
(McNamara 1991; Bartik 2004; Herath et al. 2013). Therefore, understanding the competitive
advantages of different regions and sectors is critical for shaping effective policy and in-
vestment strategies (Melachroinos 2002). This is particularly important for less-developed
regions like West Virginia, where strategic investments could have a disproportionately
positive effect on economic development.

Given the limited studies addressing industrial sectors, employment shifts, and
their impacts on the regions of West Virginia, this study aims to answer the following
research question:

e  How have various industrial sectors contributed to West Virginia’s economic progress
over the past two decades, considering the state’s economic challenges and demo-
graphic shifts, and what policy measures can be identified to enhance future economic
growth?

With the significance of the above research questions, this study has the follow-
ing objectives:

To analyze industrial growth patterns in key sectors of West Virginia.

To evaluate the regional economic impacts of sectoral changes on employment.

To identify policy recommendations that promote economic growth and address

challenges in West Virginia’s economy.

The remainder of this paper is structured as follows: Section 2 reviews the relevant
literature, providing a foundation for the study. Section 3 outlines the data and methods
used in the research. Section 4 presents the empirical results along with the analysis. Finally,
Section 5 concludes with key findings and policy recommendations.

2. Literature Review
2.1. Shift-Share and LQ Applications

In regional economic analysis, various methods such as shift-share analysis and
location quotient (LQ) have been extensively used to understand economic dynamics and
competitive advantages. Shift-share analysis, developed in the 1940s by Daniel Creamer
and later popularized by Dunn in 1960, decomposes regional economic changes into
three components: national, industry, and regional effects (Dunn 1960). This method
has been widely applied to examine geographical shifts in economic activity, making
it valuable for assessing regional competitiveness over time and across various fields,
including regional and political economy, urban studies, and marketing (Knudsen 2000;
Shi and Yang 2008).

Research has demonstrated the utility of shift-share analysis in diverse contexts. For
instance, the technique has been employed to forecast regional growth, analyze policy
effects, and support strategic community planning (Selting and Loveridge 1994). It has
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also been used to predict regional investment decisions (Ireland and Moomaw 1981),
measure employment growth (Barff and Knight 1988), and assess economic impacts across
different regions (Herath et al. 2013; Herath Bandara 2024). Notably, recent applications
include evaluating resource regions for mineral exploitation (Sablin et al. 2018), analyzing
international trade sensitivity (Markusen et al. 1991), and studying regional resilience
during economic crises (Giannakis and Bruggeman 2015). Shift-share analysis continues
to provide valuable insights into regional economic dynamics across various sectors and
geographic scales (Dembiriska et al. 2022). In recent years, it has also been utilized to assess
sustainable development in Polish regions (Cieslak et al. 2019), examine regional growth in
Romania following EU accession (Goschin 2014), and explore green investment trends in
China (Sheng et al. 2021).

Location quotient (LQ) is another crucial tool used to assess regional economic spe-
cialization. It compares a region’s concentration in a particular industry to that of a broader
reference area, typically on a national scale, to highlight sectors where the region may
have a comparative advantage (Morrissey 2014). LQ is widely used in regional economic
analysis and policymaking. Recent studies have applied LQ to identify hot spots for in-
dustrial reshoring (Sarder et al. 2018), differentiate between urban and rural labor markets
(Franconi et al. 2024), and evaluate regional production multipliers (Morrissey 2014). LQ
has also been used to determine dominant economic sectors in specific regions, such as
those connected to infrastructure projects (Sampe et al. 2023), and to track changes in
industrial concentration over time (Prats and Ramirez 2018). While LQ is effective in
highlighting regional strengths and sectoral advantages, it does have limitations. These
include sensitivity to extreme values, sparsity, and size effects in smaller regions (Franconi
et al. 2024). Adjusted LQ values have been proposed to address these issues and improve
classification robustness. Overall, both shift-share analysis and LQ remain essential tools
for understanding and enhancing regional economic performance, each offering unique
insights into regional growth, competitiveness, and specialization.

2.2. Context and Relevance of the Study Area
2.2.1. Agricultural Sector

The agricultural sector in West Virginia significantly contributes to the state’s economy,
generating an average of USD 800 million annually. Despite this substantial input, the
sector has seen a slight decline in employment numbers in recent years. This trend is
concerning, especially in counties such as Greenbrier, Pendleton, Hardy, Monroe, and
Preston, which collectively hold the most farmland by acreage in the state (Sperow 2023;
West Virginia Agriculture 2023). This decline mirrors broader rural economic patterns,
where high agricultural productivity persists despite decreasing workforce participation.

Historically, West Virginia’s farmland was dedicated to corn and small grains, covering
1.2 million acres by the late 19th century. Today, about 40% of corn is harvested for silage,
and soybean production has shifted to a cash market. Fruit production, including apples
and peaches, has notably decreased; most apples are now processed, and peaches are
mostly sold fresh (Sperow 2023). Currently, hay is the leading crop, contributing 2% to the
state’s agricultural receipts. The state also grows apples, corn, wheat, soybeans, peaches,
and tobacco (Atitwa 2020). Grass, primarily used for permanent pastures, covers nearly
one-third of the 3.6 million acres of farmland. Livestock production, including broilers,
cattle, turkeys, sheep, hogs, chickens, and farm-raised fish, dominates, accounting for 82%
of agricultural output (Atitwa 2020; Sperow 2023).

In response to industry challenges, such as those faced by the dairy sector, West
Virginia has streamlined regulations for small producers by transferring authority to the
WVDA. This regulatory shift supports new market opportunities for non-hazardous foods
and milk, addressing sector-specific issues and fostering growth (Leonhardt 2021).
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2.2.2. Manufacturing Sector

West Virginia’s manufacturing sector presents a complex landscape, marked by both
positive growth and significant challenges. Chemical manufacturing, a dominant force
within this sector, accounts for 20% of manufacturing jobs and nearly 40% of the sector’s
economic output. This industry includes the production of adhesives, plastics, pharma-
ceuticals, and industrial chemicals. However, the manufacturing sector in West Virginia is
diversified, encompassing motor vehicles, primary metals, petroleum and coal products,
and more. Despite its challenges, the sector constituted 10.25% of the state’s total output
and employed 6.48% of the workforce in 2018, generating USD 7.94 billion in total output
(Fauber 2022; Miller 2022). Small businesses are also a vital component, representing 76%
of total manufacturing exporters in the state (Atitwa 2020). These data underscore the
importance of manufacturing to the state’s economy, aligning with national trends that
highlight the sector’s role in economic resilience and job creation.

Recent developments in West Virginia’s manufacturing sector highlight both growth
and challenges. Procter & Gamble has significantly expanded in Berkeley County with
a USD 500 million facility, boosting local employment to over 1400 and advancing the
production of soaps and cleaning products (Bureau of Business and Economic Research
2022). Meanwhile, the sector faces setbacks, such as Viatris’ closure of the Mylan facility in
Morgantown, leading to anticipated job losses of over 1400 and heightened uncertainty
(Bureau of Business and Economic Research 2022).

The state is also beginning to see growth in clean-tech manufacturing. GreenPower is
setting up a plant for electric buses near Charleston, and Sparkz plans to build a Gigafactory
in Taylor County for next-gen EV batteries. Additionally, Berkshire Hathaway Energy’s
renewable energy microgrid at the former Century Aluminum site could attract more
clean-tech manufacturers seeking cost-effective energy solutions (Bureau of Business and
Economic Research 2022).

2.2.3. Construction Sector

The construction sector in West Virginia is crucial for job creation, income, and tax
revenue, affecting related industries like manufacturing, warehousing, transportation, and
real estate. Over the past two decades, the sector has experienced significant fluctuations.
Notably, workforce levels declined sharply in late 2018 due to various industry challenges
(West Virginia Construction and Building Trends 2023).

Between mid-2012 and mid-2013, the state started over 2000 new single-family homes,
a 19% increase from the previous year but still below 2006 levels. Apartment construction
peaked in 2006-2007 with over 2000 units but dropped to fewer than 300 units by mid-2013.
Non-building construction, including infrastructure projects, showed a 46% decrease in
value in early 2013 compared to 2012, with the exception of waterway projects.

In 2022, West Virginia’s non-residential construction totaled USD 500.6 million (45th
among U.S. states), while residential construction reached USD 18.1 million (41st). The
state issued 3929 building permits in 2022, reflecting a 7.3% annualized growth rate from
2017 to 2022 (West Virginia Construction and Building Trends 2023). These fluctuations
highlight broader economic shifts, reflecting both cyclical and long-term structural changes
in the state.

2.2.4. Mining Sector

The mining sector, once a cornerstone of West Virginia’s economy, has seen a dramatic
decline in workforce numbers, particularly in coal mining. Historical data reveal a sharp
drop from 131,700 miners in 1948 to just 20,100 in 2006, a five-fold decrease even after
accounting for population decline (Bell and York 2010). This decline continued with coal
mine employment falling from nearly 14,500 workers in early 2018 to just over 11,000 in late
2020 (Witt and Fletcher 2005; Witt and Leguizamon 2007). Despite these challenges, there
have been some improvements due to increased global coal demand and temporary boosts
in the domestic steam coal market. In 2021, production averaged nearly 80 million short
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tons. Although mining only comprises 3% of statewide employment, it accounted for 15%
of the state’s GDP in 2021 (Bureau of Business and Economic Research 2022). This decline
reflects national trends in the coal industry, as market dynamics shift toward alternative
energy sources and automation reduces the need for labor.

2.2.5. Healthcare Sector

The healthcare sector has emerged as a crucial component of West Virginia’s economy.
Hospitals alone contribute nearly USD 10.5 billion annually and support approximately
46,000 jobs. The state’s hospitals serve around 227,000 inpatients and over 7 million
outpatients each year, underscoring the sector’s significance (Young 2019). The sector
has experienced substantial growth, particularly with the expansion of WVU Medicine,
which added more than 550 doctors nationwide over four and a half years. This growth
is reflected in the broader trend of an increasing healthcare workforce over the past
two decades, driven by significant changes in health-related activities (HRSA 2022). These
developments align with national trends, where healthcare continues to expand due to an
aging population and increasing demand for services.

2.2.6. Education Sector

West Virginia’s education workforce shows a slight decline from 2001 to 2020, though it
temporarily increased between 2010 and 2012 before stabilizing. In 2020, the state employed
283,044 teachers, achieving a favorable student-to-teacher ratio of 1:14 compared to the
national average of 1:16. Per-pupil spending averaged USD 12,697, and the graduation rate
improved significantly to 91% in the 2018-2019 school year, up from 81.4% in 2012-2013
(U.S. Census Bureau 2022; National Center for Education Statistics 2022). The public high
school event dropout rate in West Virginia improved from 3.4% in 2010-2011 to 2.7% in
2011-2012, compared to a stable national rate of 3.3% during these years. However, college
enrollment among high school graduates fell from 56.3% in 2011 to 48.3% in 2021 (WVHEPC
(West Virginia Higher Education Policy Commission) 2023).

West Virginia’s higher education sector has shown growth in recent years, with a 7%
increase in degrees conferred from 2017 to 2021, totaling 32,051 degrees (WVHEPC (West
Virginia Higher Education Policy Commission) 2023). The state has 36 degree-granting
institutions, including 14 private colleges with about 50,000 undergraduate students, where
17,610 degrees were awarded in 2021, largely through online programs. Public colleges,
comprising 13 institutions, conferred 14,116 degrees with around 44,500 students enrolled.
Additionally, nine community colleges enrolled 9136 students and awarded 2144 associate
degrees in 2021.

To advance its education, economy, and workforce, West Virginia should leverage
its strengths in Al, machine learning, big data, and supercomputing. With 42 colleges
and universities, state leaders are crucial in managing educational resources and tackling
challenges like budget cuts and outmigration (Cart 2016; Williams 2012).

2.2.7. Government Sector

The government sector in West Virginia has seen a notable decline in workforce
numbers, particularly since 2019. However, the federal government remains a crucial
source of employment in the state, with agencies such as the FBI, US Treasury, and National
Park Service expanding their staffing levels (Bureau of Business and Economic Research
2022). The long-term impact of the state’s declining population on federal government
decisions remains uncertain, but the sector’s influence on job creation in West Virginia is
undeniable. This decline reflects broader national trends, where state and local government
employment has faced cuts due to budgetary pressures, while federal employment remains
more stable.
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2.2.8. Transportation Sector

The transportation sector in West Virginia has experienced a slight decline in workforce
levels over the past two decades, with a marginal decrease particularly evident in recent
years, exacerbated by the challenges posed by the COVID-19 pandemic. The state’s trans-
portation network, which includes highways, local roads, streets, bridges, airports, transit
and rail, freight railroads, and ports and waterways, plays a vital role in facilitating the
movement of travelers, supporting businesses, transporting freight, and driving economic
growth (West Virginia Transportation by the Numbers 2021). The sector’s performance
aligns with national trends where transportation infrastructure remains critical but faces
challenges related to funding, maintenance, and adaptation to new technologies.

West Virginia’s transportation equipment sector includes a burgeoning auto parts
supply chain in the Kanawha and Mid-Ohio River valleys and a diverse mix of civilian
and defense aerospace production. Auto part manufacturing has been the fastest-growing
segment, with a 2.5% average annual job growth since 2008. Despite past challenges, the
aerospace industry in North Central West Virginia has expanded, supported by increased
commercial travel efforts and new contracts at the Applied Ballistics Laboratory (ABL),
which is set to grow further with upcoming Northrop Grumman hires (Bureau of Business
and Economic Research 2022).

Looking ahead, emerging technologies are poised to further revolutionize West Vir-
ginia’s transportation sector. The impact of these technologies will be influenced by the
state’s unique terrain and rural road network. To navigate these changes effectively,
the West Virginia Department of Transportation (WVDOT) must proactively prepare by
incorporating insights from peer states and integrating new technologies into the 2050
Long-Range Transportation Plan (West Virginia Transportation by the Numbers 2021).

2.2.9. Finance Sector

The finance sector in West Virginia has shown a declining trend of employees as
in the other sectors. From 2001 to 2020, the finance sector in West Virginia experienced
a decline, encompassing roles in securities, commodity contracts, financial investments,
real estate, and leasing services. This reduction aligns with national trends influenced by
consolidation, technological advancements, and regulatory changes, which have dimin-
ished traditional finance roles while increasing demand for fintech and data analysis skills.
Currently, approximately 18,000 employees are in the state’s financial sector, including
banks, insurance companies, investment firms, real estate agencies, and property manage-
ment services (Bureau of Business and Economic Research 2022). This represents a loss of
4000 jobs compared to the year 2000.

2.2.10. Utilities Sector

The utilities sector has exhibited a general decline over time, with a slight increase
observed after 2016. The sector indicates a decrease in workforce numbers, particularly
during the pandemic. Utility services in West Virginia encompass the provision and
distribution of electricity, natural gas, water, and wastewater treatment, all of which are
essential for supporting residential, commercial, and industrial activities across the state.
While West Virginia’s coal plants suggest increased utility spending and ratepayer costs,
a shift toward clean energy could create an affordable and reliable energy supply for
ratepayers, accompanied by additional long-term community benefits (Massie et al. 2023).
This transition reflects a broader national and global trend toward sustainable energy
practices, as environmental concerns and economic incentives drive the shift away from
fossil fuels.

2.2.11. Service Sector

West Virginia’s service industry is diverse, encompassing sectors such as health and
education, biometrics and government, hospitality, media and telecommunications, print-
ing, retail, tourism, and banking. The community, personal, and business service sectors
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hold the largest share of the gross product within this industry, with tourism and healthcare
playing pivotal roles in driving growth and creating numerous job opportunities. Employ-
ment in entertainment and accommodation services indicates a substantial decline during
the onset of the COVID-19 pandemic but has rebounded significantly since spring 2021
(Bureau of Business and Economic Research 2022). This recovery is consistent with national
trends in the service industry, where the pandemic caused widespread disruption, followed
by a gradual but uneven recovery as restrictions eased and consumer confidence returned.

3. Data and Methods
3.1. Data

The primary source of data for this study was the Bureau of Labor Statistics (BLS).
Employment changes in West Virginia over a 20-year period, from 2000 to 2020, were
carefully examined to gain insights into workforce trends within the state. In addition to
the BLS data, census data and other relevant information pertaining to West Virginia were
incorporated to provide a comprehensive view of the economic and demographic factors
influencing employment patterns.

To conduct the analysis, a detailed panel dataset spanning the last two decades was
carefully compiled. This dataset allowed for a thorough examination of employment
trends over time, enabling a deeper understanding of the shifts and dynamics within West
Virginia’s labor market. By integrating various sources of data, this study aimed to present
a robust and nuanced analysis of the employment landscape in the region. To effectively
achieve its main objectives, this study utilized a combination of general descriptive analysis,
shift-share analysis, location quotient analysis, and Boudeville’s classification following
the shift-share analysis.

3.2. Shift-Share Analysis

The shift-share analysis technique, developed by Daniel Creamer in the 1940s and
summarized by Dunn in 1960 (Shi and Yang 2008), is designed to evaluate changes in
economic activity across different regions. This method is widely used for analyzing
regional employment growth by breaking down total growth into three components: the
National Growth Effect (NGE), the Industry Mix Effect (IME), and the competitive effect
(CE) (Barff and Knight 1988; Knudsen 2000; Wilson and Chern 2005; Herath et al. 2010,
2013; Herath Bandara 2024).

Shift-share analysis can be conducted using various methods, each offering distinct
insights into regional economic growth. These methods include standard shift-share
analysis, dynamic shift-share analysis, and spatial shift-share analysis. Each method differs
in terms of its data requirements and the depth of analysis it provides.

Standard shift-share analysis is the most straightforward and commonly used ap-
proach, breaking down employment changes into three components: national growth,
industry mix, and regional competitive effects. It requires only basic employment data at
national and regional levels, making it ideal for situations where data availability is limited.

Dynamic shift-share analysis introduces a temporal dimension, focusing on how re-
gional competitiveness and industry performance evolve over time. While this method
offers more in-depth insights, it requires complex time-series data, making it more chal-
lenging to implement, especially in regions lacking comprehensive historical data.

Spatial shift-share analysis considers the influence of neighboring regions on a region’s
economic performance. This method demands detailed data on both the target region
and its surrounding areas, significantly increasing data complexity. Its application is often
constrained by the unavailability of spatially detailed datasets.

In this study, the standard shift-share analysis method is employed due to its clear
and straightforward breakdown of employment changes into national growth, industry
mix, and regional competitive effects. Limited data availability for the study period of
20 years made it impractical to conduct dynamic or spatial analyses. On the other hand,
the focus of this study was on evaluating broad employment trends and sectoral shifts,
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which the standard method captures effectively. Its simplicity ensures that the findings are
easily interpretable and actionable for policymakers, highlighting competitive industries
and offering valuable insights for developing targeted economic strategies.

The shift-share analysis compares regional employment growth with national trends,
providing insights into whether changes are driven by broader national trends, specific
industry dynamics, or regional competitive advantages. By calculating these effects, shift-
share analysis helps determine the actual change in regional employment and sheds light
on the underlying factors influencing economic performance (Richardson 1978).

Following the notation of Richardson (1978), the three growth effects for a specific
region and industrial sector are expressed as follows:

National growth effect for sector i in region r = E;, x Gj,.

Industrial mix effect for sector i in region r = E;, X (Gj;, — Gp).

Competitive effect for sector i in region r = E;, X (Gj, — Gyy,).
where

E;, = employment in sector 7 in region r at the beginning of the time period.
G, = growth rate for total employment for the nation over the time period.
G, = growth rate in sector 7 for the nation for the time period.

G, = growth rate in sector i in region r for the time period.

In this specific investigation, the utilization of shift-share analysis is employed to
evaluate employment growth in five significant regions of West Virginia: Mid-Ohio Valley,
Metro Valley, New River/Greenbrier Valley, Potomac Highlands, and Mountain Lakes.
Figure 1 illustrates the regional sectors of West Virginia, while Table 1 lists the counties
within each sector out of the state’s 55 counties. This assessment is made in relation to
the overall employment growth within the state, with state employment growth acting as
a benchmark akin to national growth. The primary focus lies in comparing the average
regional employment growth to that of the state, highlighting the influence of the state
growth effect (SGE), industrial mix effect (IME), and competitive effect (CE). The cumulative
impact of these factors reveals the actual change in total employment within each region
during the specified study period.
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Figure 1. Regional map of West Virginia. Source: Virginia-map.com (2022).
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Table 1. Regional sectors and counties, West Virginia.

Regional Sectors Counties
Boone, Cabell, Kanawha, Lincoln, Logan,
Metro Valley Mason, Mingo, Putnam, Wayne
Brooke, Calhoun, Hancock, Jackson, Marshall,
Mid-Ohio Valley Ohio, Pleasants Ritchie, Roane, Tyler, Wetzel,
Wirt, Wood

Fayette, Greenbrier, Mercer, Monroe,

New River and Greenbrier Valley McDowell, Raleigh, Summers, Wyoming

Barbour, Braxton, Clay, Doddridge, Gilmer,
Mountain and Lakes Harrison, Lewis, Marion, Monongalia,
Nicholas, Preston, Taylor, Upshur, Webster

Berkeley, Grant, Hampshire Hardy, Jefferson,
Potomac Highlands Mineral, Morgan, Pendleton, Pocahontas,
Randolph, Tucker

3.3. Location Quotient Analysis

The industry location quotient (LQ) is a tool used to measure the concentration of an
industry within a specific region compared to a broader geographical area, such as a state
or the nation (Richardson 1973). It provides insights into the economic structure of a region
by identifying key industries, pinpointing export-oriented sectors, recognizing emerging
industries, and highlighting sectors that may be detrimental to the region’s economic
stability.

The formula for calculating an industry location quotient is:

(EiS/ES)

LQi = (E,R/ER)

where

LQ; represents the location quotient for sector i within the subregion.
E;S denotes the number of employees in sector i within the subregion.
ES indicates the total number of employees within the subregion.

E;R stands for the number of employees in sector i within the region.
ER stands for the number of employees within the region.

The location quotient (LQ) is a tool used to assess the concentration of employment
in a specific industry within a subregion relative to a larger reference area. An LQ
of 1 signifies that the industry’s employment share in the subregion is proportional
to its share in the reference area, indicating no significant deviation. When the LQ
exceeds 1, it suggests a higher concentration of employment in the subregion, which
may indicate a specialized or export-oriented sector. Conversely, an LQ below 1 implies
that the industry is less concentrated in the subregion compared to the reference area,
reflecting a lower relative presence. By analyzing LQs, policymakers and economists can
better understand which industries are driving regional economic performance, which
sectors are emerging, and which might be lagging, thereby informing targeted economic
strategies and development plans.

4. Results and Discussion
4.1. Descriptive Analysis

In 2001, the Metro Valley region led with over 203,600 jobs and remained the highest in
2020 with approximately 166,000 positions. The Mountain and Lakes region followed with
more than 122,500 jobs in 2001, experiencing only a slight decline to a similar level in 2020.
Ohio Valley shows a significant drop from 113,000 jobs in 2001 to around 93,000 by 2020.
The New River and Greenbrier region recorded over 83,000 jobs in 2001 and decreased to
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about 71,000 by 2020. The Potomac Highlands region, which had the lowest employment
figure in 2001 with over 71,500 jobs, indicates a slight decline, maintaining roughly 71,000
jobs by 2020. Overall, West Virginia experienced a decline of about 70,000 jobs from 2001 to
2020, reflecting a reduction in total employment across all regions during this period.

The descriptive analysis of the Metro Valley region from 2001 to 2020 reveals significant
shifts in the employment landscape. Figure 2 shows the employment changes across various
sectors during this period, highlighting that some sectors experienced growth, while others
saw declines. For instance, the healthcare sector has grown substantially, reflecting a trend
toward service-oriented jobs. In contrast, traditional industries such as manufacturing,
mining, construction, and retail trade have experienced declines. Meanwhile, sectors like
agriculture and entertainment have remained relatively stable, with only minor fluctuations
in employment. Overall, the region’s economy has increasingly shifted towards healthcare
and hospitality, marking a departure from the prominence of traditional industries in 2001.

Total Number of Employments in Metro (2001 vs. 2020)
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Figure 2. Sectoral employment change in the Metro Valley Region, 2001 and 2020.

Employment trends in the Mid-Ohio Valley region from 2001 to 2020 reveal significant
changes, including a loss of approximately 20,000 jobs. Figure 3 highlights the employment
differences across various sectors during this period. The healthcare and accommodation
sectors experienced substantial growth, reflecting their expanding roles, while manufac-
turing saw a notable decline. The wholesale trade sector also decreased, although retail
trade remained stable. Construction and mining maintained consistent employment levels,
underscoring their ongoing importance. Overall, the region’s workforce has shifted toward
service industries, particularly healthcare and hospitality, while traditional sectors like
manufacturing and wholesale trade have contracted.

Employment trends in the New River and Greenbrier Valley region from 2001 to
2020 reveal significant shifts across industries, with a total job loss of approximately
12,000 during this period. Figure 4 illustrates how employment numbers in each sector
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changed over these two decades. The healthcare sector experienced substantial growth,
highlighting its increasing importance, while administrative roles also expanded. In
contrast, the manufacturing and information sectors saw declines, reflecting a broader
industrial downturn. The construction sector faced a sharp decrease, and although retail
trade experienced a reduction, it remained a key industry. Accommodation and food
services also declined due to reduced demand. Overall, healthcare and retail have emerged
as the primary employment drivers in the region.

Total Number of Employments in Mid-Ohio (2001 vs. 2020)
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Figure 3. Sectoral employment change in the Mid-Ohio Valley Region, 2001 and 2020.

In the Mountain and Lakes Valley region of West Virginia, employment trends from
2001 to 2020 reveal significant shifts across industries, while the total number of jobs
remained relatively stable over the period. Figure 5 highlights the changes in sectoral
employment between 2001 and 2020. The healthcare sector experienced substantial growth,
along with the accommodation, entertainment, and construction sectors, driven by rising
demand. In contrast, the manufacturing and information sectors saw declines, reflecting
broader industrial reductions. Retail trade remained steady, with only minor fluctuations.
Overall, the healthcare, retail, education, and accommodation sectors emerged as key
contributors to local job growth.
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Total Number of Employments in New River and Greebrier (2001 vs. 2020)
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Figure 4. Sectoral employment change in the New River and Greenbrier Valley region, 2001 and 2020.

Total Number of Employments in Mountian and Lakes (2001 vs. 2020)
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Figure 5. Sectoral employment change in the Mountain and Lakes Valley Region, 2001 and 2020.
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Employment

In the Potomac Highlands region of West Virginia, which had the lowest employment
numbers in 2001, there was no significant decline by 2020. Figure 6 illustrates the changes
in employment across sectors between 2001 and 2020. The healthcare sector shows consider-
able growth, along with increases in accommodation, educational services, and retail trade.
In contrast, the manufacturing, information, and construction sectors experienced declines,
reflecting broader industrial trends. Retail trade remained stable with a slight increase.
Overall, the region is shifting towards service-oriented sectors, particularly healthcare,
while traditional industries like manufacturing have diminished.

Total Number of Employments in Potomac Highlands (2001 vs. 2020)
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Figure 6. Sectoral employment change in the Potomac Highlands Region, 2001 and 2020.
4.2. Shift-Share Analysis

This analysis employs a methodology to assess the growth of five key regions in West
Virginia: Mid-Ohio Valley, Metro Valley, New River/Greenbrier Valley, Potomac Highlands,
and Mountain Lakes, in comparison to the overall employment growth in the state. State
employment growth serves as a benchmark like national growth. The primary focus is
on contrasting regional employment growth averages with state employment growth,
emphasizing the impact of the state growth effect (SGE), industrial mix effect (IME), and
competitive effect (CE). The cumulative influence of these factors reveals the actual change
in total employment within each region over the specified study period.

In the shift-share analysis for the Mid-Ohio Valley region, the results present a mixed
picture of employment trends, highlighting growth in some sectors due to favorable
conditions while others face declines due to broader economic challenges.

According to the shift-share analysis of key sectors or industries shown in Table 2, the
healthcare sector experienced a net gain of 394 jobs. This growth was primarily driven
by a positive competitive effect (CE). However, negative state growth and industrial mix
effects (IME) suggest that despite this growth, the sector lagged behind state averages and
faced competitive challenges. The accommodation sector also showed notable growth, with
an increase of 905 jobs. The positive IME and competitive effect indicate that this sector
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not only outperformed its competitors but also benefited from advantageous changes in
industry composition. Despite a negative state growth effect, which suggests that overall
state trends were not favorable for this sector, the accommodation industry demonstrated
resilience and competitiveness in the regional market.

Table 2. Employment growth in Mid-Ohio Valley in West Virginia: 2001-2020.

Sectors/Industries SGE IME CE Actual Growth
Total Industries —13,096.29 0.00 —5401.71 —18,498.00
Information —223.46 —822.88 —149.66 —1196.00
Agriculture —4.82 —13.34 —22.84 —41.00
Mining —214.64 —375.73 2521.37 1931.00
Construction —636.16 —395.21 439.37 —592.00
Manufacturing —2214.14 —5538.63 —1088.24 —8841.00
Wholesale Trade —491.38 —675.95 —69.67 —1237.00
Retail Trade —2071.47 —653.70 —636.83 —3362.00
Transportation —230.87 —-0.43 267.30 36.00
Finance —508.78 —600.87 674.65 —435.00
Scientific —310.26 448.98 —37.72 101.00
Utilities —-90.91 —139.04 —146.05 —376.00
Entertainment —150.42 101.33 166.10 117.00
Rental —-111.14 18.00 —74.86 —168.00
Administrative —641.80 —-1.73 —1369.47 —2013.00
Healthcare —2407.61 7288.51 —4486.90 394.00
Accommodation —1114.71 1136.09 883.62 905.00
Educational —1152.11 —410.13 —696.75 —2259.00
Services
Other Services
(except public —521.60 —789.95 —150.45 —1462.00
admin.)

In contrast, the mining sector shows an increase of 1931 jobs, mainly due to a favorable
industrial mix effect (IME). Despite this growth, negative state growth and competitive
effects reflect slower growth compared to state trends and competitive challenges. Con-
versely, the manufacturing sector exhibits the largest decline, losing 8841 jobs due to
negative effects in all areas: state trends (SGE), industrial mix (IME), and competitive per-
formance (CE). Educational services also declined by 2259 jobs, with negative competitive
effects and unfavorable IME and SGE contributing to the reduction. The agriculture sector
experienced a slight decrease of 41 jobs, reflecting broader struggles to keep pace with
economic growth and competitiveness.

Examining the shift-share analysis of key sectors in the Metro Valley region from
2001 to 2020, as shown in Table 3, the healthcare sector stands out with significant growth,
adding 9291 jobs. The positive industrial mix effect (IME) indicates that the sector benefited
from favorable changes in its composition relative to state trends. Despite the negative
state growth effect (SGE), which suggests that broader state trends were not favorable, the
positive competitive effect (CE) demonstrates that the healthcare sector outperformed its
competitors, reflecting strong regional demand and growth in healthcare services. The
entertainment sector showed modest growth with an addition of 129 jobs, driven by a
strong competitive effect (CE) and positive changes in the industry’s composition, despite
less favorable state trends (SGE).

In contrast, the manufacturing sector experienced a significant decline, losing
6308 jobs, due to negative effects across all components—state trends, industry composi-
tion, and competitive performance—highlighting broader industry challenges. Similarly,
the retail trade sector showed a notable decline, losing 6374 jobs, as it struggled with
unfavorable trends and increased competition. The educational services sector also faced
significant reductions, losing 3097 jobs due to poor competitive performance and declining
industry conditions, potentially reflecting issues like funding and enrollment challenges.
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Table 3. Employment growth in Metro Valley in West Virginia: 2001-2020.

Sectors/Industries SGE IME CE Actual Growth
Total Industries —23,953.63 0.00 —13,381.37 —37,335.00
Information —615.22 —2265.51 —294.27 —3175.00
Agriculture —37.87 —104.73 —60.40 —203.00
Mining —1130.12 —1978.32 —2881.56 —5990.00
Construction —1333.23 —828.28 —1041.49 —3203.00
Manufacturing —2064.54 —5164.40 920.94 —6308.00
Wholesale Trade —1091.43 —1501.40 —744.17 —3337.00
Retail Trade —3377.78 —1065.93 —1930.30 —6374.00
Transportation —769.06 —1.42 —1292.52 —2063.00
Finance —1080.72 —1276.33 —841.95 —3199.00
Scientific —1086.49 1572.26 —1755.78 —1270.00
Utilities —311.55 —476.47 —214.98 —1003.00
Entertainment —215.82 145.38 199.44 129.00
Rental —334.37 54.14 —276.78 —557.00
Administrative —1453.78 —-3.92 —790.30 —2248.00
Healthcare —4075.44 12,337.52 1028.92 9291.00
Accommodation —1994.56 2032.81 —1700.25 —1662.00
Educational Services —2068.53 —736.36 —292.10 —3097.00
Other Services (except public admin.) —913.13 —1382.90 —769.98 —3066.00

Table 4 highlights employment growth in the New River/Greenbrier Valley region
over the past two decades, with notable gains in healthcare, rental, transportation, and
administrative services, and minimal losses in agriculture and utilities.

Table 4. Employment growth in New River/Greenbrier Valley in West Virginia: 2001-2020.

Sectors/Industries SGE IME CE Actual Growth
Total Industries —9784.49 0.00 —2726.51 —12,511.00
Information —234.52 —863.59 —194.90 —1293.00
Agriculture —73.98 —204.59 77.56 —201.00
Mining —471.38 —825.17 898.56 —398.00
Construction —505.02 —313.75 —888.24 —1707.00
Manufacturing —555.12 —1388.63 —39.25 —1983.00
Wholesale Trade —348.36 —479.22 —10.42 —838.00
Retail Trade —1688.42 —532.82 —907.77 —3129.00
Transportation —151.25 —0.28 290.53 139.00
Finance —318.61 —376.27 —569.12 —1264.00
Scientific —265.09 383.62 —378.53 —260.00
Utilities —69.51 —106.30 62.81 —113.00
Entertainment —174.30 117.41 —283.11 —340.00
Rental -91.27 14.78 197.49 121.00
Administrative —342.01 —0.92 897.93 555.00
Healthcare —1995.38 6040.58 —1756.20 2289.00
Accommodation —1089.07 1109.96 —1083.89 —1063.00
Educational Services —1002.63 —356.92 —306.45 —1666.00
Other Services (except public admin.) —408.58 —618.78 —332.64 —1360.00

The healthcare sector added 2289 jobs, driven by a favorable industrial mix effect
(IME), despite unfavorable state trends (SGE) and comparative effect (CE). Similarly, ad-
ministrative services grew by 555 jobs, benefiting from positive competitive and industry
composition effects. The rental sector also highlights modest growth, adding 121 jobs, with
its performance bolstered by strong CE and IME, despite negative state trends.

Conversely, the retail trade sector lost 3129 jobs, facing declines across all components—
state trends, industry composition, and competitiveness—highlighting challenges like
changing consumer behavior. The educational services sector lost 1666 jobs, hindered by
weak competitive performance and unfavorable industry and state trends. Manufacturing
also faced significant losses, with 1983 jobs lost due to negative impacts across all compo-
nents, reflecting broader industry challenges and reduced regional competitiveness. The
agriculture sector in the New River/Greenbrier Valley region indicates a modest decline
of 201 jobs from 2001 to 2020. Negative state growth and industrial mix effects indicate
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unfavorable state trends and sector composition. However, a positive competitive effect
suggests that the sector performed relatively well compared to other regions, showing
some resilience despite broader challenges.

Table 5 presents the shift-share analysis for the Potomac Highlands region from
2001 to 2020, revealing mixed employment trends across various sectors. Growth was
observed in healthcare, scientific services, retail trade, education, and accommodation,
while sectors such as manufacturing, construction, entertainment, and administrative
services experienced significant declines.

Table 5. Employment growth in Potomac Highlands in West Virginia: 2001-2020.

Sectors/Industries SGE IME CE Actual Growth
Total Industries —8447.03 0.00 7345.03 —1102.00
Information —280.97 —1034.66 285.63 —1030.00
Agriculture —83.62 —231.26 51.88 —263.00
Mining —25.29 —44.26 230.55 161.00
Construction —496.90 —308.70 —403.39 —1209.00
Manufacturing —1351.46 —3380.66 692.13 —4040.00
Wholesale Trade —294.73 —405.44 —73.82 —774.00
Retail Trade —1207.15 —380.94 2007.10 419.00
Transportation —187.24 —0.35 0.58 —187.00
Finance —234.63 —277.10 537.73 26.00
Scientific —216.40 313.16 662.24 759.00
Utilities —21.88 —33.46 79.33 24.00
Entertainment —169.95 114.48 —587.53 —643.00
Rental —-91.27 14.78 —20.51 —97.00
Administrative —340.25 —0.92 —383.84 —725.00
Healthcare —1327.47 4018.63 2641.84 5333.00
Accommodation —913.36 930.88 911.48 929.00
Educational Services —966.05 —343.90 1498.95 189.00
Other Services (except public admin.) —238.40 —361.04 625.44 26.00

The healthcare sector led the region’s growth, adding 5333 jobs. This growth was
primarily driven by a strong industrial mix effect (IME) and competitive effect (CE), suggest-
ing that the sector benefited from favorable changes in its industry composition compared
to state trends. Despite a negative state growth effect (SGE), the healthcare sector’s positive
competitive effect (CE) indicates it outperformed its competitors, reflecting robust regional
demand and expansion in healthcare services. The scientific sector also experienced growth,
adding 759 jobs. This increase was largely supported by a favorable IME, which highlights
the sector’s benefit from advantageous changes in industry composition. The positive CE
further underscores the sector’s strong performance relative to its competitors, despite
broader state trends not being supportive. The accommodation sector added 929 jobs,
driven by a positive IME and strong regional competitiveness. Despite unfavorable state
trends, the sector leveraged its advantages to outperform competitors.

On the other hand, the manufacturing sector experienced a significant decline, losing
4040 jobs. This downturn was driven by negative effects across all components: an un-
favorable SGE, a declining IME, and a poor CE, highlighting the sector’s struggles with
competitiveness and broader industry challenges. Similarly, the entertainment sector expe-
rienced a decline of 643 jobs, primarily due to a negative CE, indicating underperformance
compared to competitors. Despite some favorable changes in the sector’s composition,
as reflected by a positive IME, the overall decline was exacerbated by unfavorable state
trends. Administrative services also faced a reduction of 725 jobs. The sector was negatively
impacted across all components, with the SGE, IME, and CE all reflecting broader regional
challenges and difficulties in maintaining competitiveness.

Table 6 presents the shift-share analysis results for the Mountain Lakes region from
2001 to 2020, showing significant employment growth in the healthcare, scientific, ad-
ministrative, and accommodation sectors. Conversely, the mining, manufacturing, and
educational services sectors experienced declines.
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Table 6. Employment growth in Mountain Lakes in West Virginia: 2001-2020.

Sectors/Industries SGE IME CE Actual Growth
Total Industries —14,463.28 0.00 14,217.28 —246.00
Information —259.10 —954.10 353.20 —860.00
Agriculture —58.22 —161.00 —35.78 —255.00
Mining —672.26 —1176.82 —768.92 —2618.00
Construction —802.93 —498.82 1893.75 592.00
Manufacturing —1067.67 —2670.76 —485.58 —4224.00
Wholesale Trade —352.36 —484.72 898.08 61.00
Retail Trade —2185.20 —689.59 1467.79 —1407.00
Transportation —346.48 —0.64 734.12 387.00
Finance —351.07 —414.61 198.68 —567.00
Scientific —503.73 728.95 1509.78 1735.00
Utilities —220.17 —336.72 218.88 —338.00
Entertainment —76.92 51.81 505.11 480.00
Rental —151.13 24.47 174.66 48.00
Administrative —550.18 —1.48 1645.67 1094.00
Healthcare —2875.11 8703.77 2572.34 8401.00
Accommodation —1301.60 1326.56 989.04 1014.00
Educational Services —2200.14 —783.21 —203.65 —3187.00
Other Services (except public admin.) —489.02 —740.61 627.63 —602.00

The healthcare sector indicates significant growth, adding 8401 jobs. This increase was
largely driven by a strong industrial mix effect (IME), indicating favorable changes in the
sector’s composition despite an unfavorable state growth effect (SGE). The positive com-
petitive effect (CE) further underscores the sector’s outperformance relative to competitors,
reflecting a strong regional demand. The scientific sector added 1735 jobs, supported by
a favorable IME and positive CE, demonstrating strong performance despite a negative
SGE. Similarly, administrative services grew by 1094 jobs, driven by positive CE and IME,
showing resilience and competitiveness despite unfavorable state trends.

Conversely, the mining sector experienced a decline of 2618 jobs, influenced by neg-
ative effects across all components: an unfavorable SGE, a declining IME, and a poor
CE. This downturn highlights broader challenges and reduced competitiveness in the
mining industry. The manufacturing sector also faced a significant decline, losing 4224 jobs.
Negative effects across the SGE, IME, and CE reflect broader industry challenges and dimin-
ished regional competitiveness. The educational services sector experienced a decline of
3187 jobs, with negative effects across all components, including an unfavorable SGE, a
declining IME, and poor performance relative to the competitors. This decline suggests
challenges such as funding issues and declining enrollment amid broader state trends.

4.3. Location Quotient Analysis

Location quotients (LQs) are ratios used to compare employment distribution across
different industries within a specific area relative to a reference area, typically the overall
industry total (Richardson 1973). According to the Bureau of Labor Statistics, an LQ of 1
indicates that the industry’s share of local employment is proportional to its share in the
reference area. An LQ greater than 1 signifies that the industry has a higher proportion of
local employment compared to the reference area.

Table 7 presents the LQs for all regions of West Virginia for the year 2020. The first
column of the table lists each sector or industry, while the remaining columns show the
regions. The table illustrates changes in employment numbers over the 20-year period
across all regions, highlighting the critical importance of certain industries to specific
regions of West Virginia in terms of employment. This underscores the need to understand
and prioritize key industries within the regions. Additionally, LQ analysis identifies
emerging industries and emphasizes the need for focused development efforts. This insight
helps policymakers and stakeholders make informed decisions about resource allocation
and economic development strategies.
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Table 7. Location quotient analysis for all regions in West Virginia, 2020.

Mid-Ohio Metro Valle New Potomac Mountain
Valley Y River/Greenbrier Highlands Lakes
Total
Industries 1 1 1 1 1
Information 0.6438 1.0497 0.8422 1.6319 0.9292
Agriculture 0 0.2886 2.4434 2.5563 0.7891
Mining 1.4640 0.7875 1.8487 0.1924 0.9137
Construction 1.0454 0.9853 0.7375 0.8594 1.2182
Manufacturing 1.5515 0.9755 0.5587 1.5202 0.5706
Wholesale Tde 1.0493 1.1837 0.9956 0.8114 0.8252
Retail Trade 1.0614 0.9290 1.0984 1.0446 0.9676
Transportation 0.8915 1.1144 0.8349 0.8227 1.1246
Finance 1.3911 1.1955 0.6787 0.9487 0.6540
Scientific 0.7242 1.1760 0.6926 0.90227 1.2038
Utilities 0.5246 1.2143 0.8298 0.3644 1.5338
Entertainment 1.2222 0.9599 1.3134 0.9219 0.7511
Rental 0.7333 1.2044 1.1121 0.8414 0.9518
Administrative 0.7777 1.2748 1.0273 0.6428 0.9861
Healthcare 0.8807 1.0355 1.0677 0.9211 1.0490
Accommodation 1.0708 0.8807 1.1105 1.1774 0.9426
Edu. Services 0.8044 0.8634 0.9617 1.1775 1.2532
Other Services 1.0885 0.9602 1.0168 0.9869 0.9850

4.3.1. Mid-Ohio Region

Table 7 presents the location quotients (LQs) for employment concentration in the
Mid-Ohio Valley region, highlighting several sectors with positive LQs that exceed the state
average. Among these, mining, manufacturing, and finance stand out as the key sectors
with the highest LQs, indicating their significant role in the region’s economy in 2020.

Notably, the mining sector, with an LQ of 1.4640, stands out for its significant job
concentration, underscoring its critical role in the regional economy. This elevated LQ
highlights the sector’s reliance on local natural resources and active mining operations, in-
dicating that the Mid-Ohio Valley has maintained a competitive advantage in mining. This
advantage is likely due to key facilities and a skilled workforce. The positive competitive
effect observed in the shift-share analysis for the region (Table 2) further underscores the
importance of continued investment in mining for the region’s economic stability.

Similarly, the manufacturing sector stands out with an LQ of 1.5515, indicating a
strong concentration of manufacturing jobs in the Mid-Ohio Valley region. This high LQ
suggests a sustained competitive advantage in manufacturing. However, the competitive
effect (CE) from the shift-share analysis for the period 2000-2020 (Table 2) reveals that the
region is underperforming relative to the state average. This underperformance implies
that further investments in manufacturing may not yield long-term benefits for the region.

The finance sector also demonstrates a strong LQ of 1.3911, indicating a higher concen-
tration of financial services employment compared to the state average. This is reinforced
by the competitive effect in shift-share analysis, underscoring the sector’s potential for driv-
ing regional economic growth in the future. Similarly, the entertainment sector reflects this
trend, with both its LQ value and shift-share analysis suggesting its growing importance in
the region.

4.3.2. Metro Valley Region

In the Metro Valley region, several industries displayed notable location quotient
(LQ) values in 2020 (Table 7). Among these, the Wholesale Trade, Transportation, and
Utilities sectors are particularly significant, reflecting the region’s diverse and strategically
important economic activities.

The Wholesale Trade sector, with an LQ of 1.1837, indicates a higher concentration of
jobs compared to the state average, highlighting the Metro Valley region’s pivotal role in
distribution and trade. This advantage is likely supported by the region’s strategic location
and infrastructure, which bolster wholesale activities in 2020. However, the competitive
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effects (CE) from the shift-share analysis for the region (Table 3) suggest that this sector
may not provide long-term regional benefits, as the growth may not be driven by local
advantages. Comparing LQs with CE helps identify whether concentrated sectors are
expanding due to regional strengths (positive CE) or facing local challenges (negative CE).
Similarly, the Transportation sector, with an LQ of 1.1144, and the Ultilities sector, with
an LQ of 1.2143, also show significant employment concentrations, yet both lack positive
competitive effects in the shift-share analysis, indicating potential challenges in sustaining
these sectors’ growth.

However, the healthcare sector (LQ 1.0355), along with manufacturing (LQ 0.9755) and
entertainment (LQ 0.9555), all exhibit LQs close to 1 and demonstrate positive competitive
effects in the shift-share analysis. This indicates that these sectors are benefiting from
local advantages, suggesting that future investments in these areas could drive regional
employment growth. These findings point to the Metro Valley region’s strong potential in
sectors like healthcare, manufacturing, and entertainment, underscoring the importance of
strategic investments to capitalize on these local strengths.

4.3.3. New River/Greenbrier Valley Region

In the New River/Greenbrier Valley region, several industries exhibited notable
location quotient (LQ) values in 2020, particularly in agriculture, mining, entertainment,
rental, and administrative services (see Table 7). For example, the agriculture sector stands
out with a high LQ of 2.4434, indicating that employment in this industry is more than
twice as concentrated in this region compared to the state average. This underscores
agriculture’s vital role in the local economy;, likely driven by the region’s rural character
and extensive farming activities. The positive competitive effects in the shift-share analysis
(Table 4) further support this advantage. Similarly, the mining sector, with an LQ of 1.8487,
administrative services with an LQ of 1.1105, and rental services with an LQ of 1.1101,
demonstrate strong regional concentrations and positive competitive effects, highlighting
the local benefits in these industries.

However, while the entertainment sector shows a notable LQ of 1.3234, its competitive
effects are less favorable, with negative values (see Table 4). This suggests that the sector’s
concentration may not be driven by local advantages but rather by other factors.

4.3.4. Potomac Highlands Region

In the Potomac Highlands region, several industries exhibited notable location quo-
tient (LQ) values in 2020, emphasizing their significant concentration compared to state
averages (see Table 7). The agriculture sector stands out with an exceptionally high LQ of
2.5563, indicating that employment in agriculture is more than twice as concentrated in the
Potomac Highlands as it is statewide. Despite this, the competitive effect from the shift-
share analysis (Table 5) is less favorable, suggesting a lower level of local competitiveness
in this sector.

The manufacturing sector also shows a strong presence with an LQ of 1.5202, and
the shift-share analysis indicates positive competitive effects. This reflects a robust con-
centration of manufacturing jobs in the region, signifying that manufacturing continues to
be a crucial part of the Potomac Highlands” economy, supported by local industries and
production facilities.

The education sector, with an LQ of 1.1775, also demonstrates significant competitive
effects according to the shift-share analysis. This suggests that educational services are
notably more concentrated in the Potomac Highlands compared to the state average, likely
due to the presence of educational institutions and support services catering to the local
population.

Additionally, the rental and accommodation sectors, based on LQ and shift-share
analysis results, could play a significant role in shaping the region’s economic landscape
moving forward.
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4.3.5. Mountain Lakes Region

In the Mountain Lakes region, several industries exhibited notable location quotient
(LQ) values in 2020, highlighting their significant concentration compared to state averages
(see Table 7). Key sectors with high LQs include education, scientific services, finance,
mining, healthcare, and utilities.

The scientific, healthcare, finance, and utilities sectors all show positive LQs and
favorable competitive effects in the shift-share analysis (Table 6), indicating a strong regional
advantage in these industries. Investing further in these sectors could yield substantial
long-term benefits.

For example, the scientific sector has a robust LQ of 1.2038, reflecting a high concen-
tration of employment in research and development or specialized technical consulting
within the region. This suggests a strong presence of scientific and technical services that
contribute significantly to the local economy. The utilities sector boasts an impressive LQ
of 1.5338, underscoring its critical role in the region’s economy. This high LQ indicates that
energy production, distribution, and related services are notably more concentrated in the
Mountain Lakes region compared to the state averages, likely due to the region’s natural
resources and infrastructure supporting local and regional energy needs.

While the education sector also stands out with an LQ of 1.2532, indicating a significant
presence, the shift-share analysis suggests that it may not be as competitive in generating
additional economic benefits or employment compared to other sectors.

4.4. Boudeville’s Framework: Insights into West Virginia’s Economic Sectors

Boudeville’s (1966) classification is employed in this study to provide a structured
framework for understanding the economic dynamics of different regions within West
Virginia. By categorizing regions based on their economic structure, this classification aids
in identifying specific challenges and opportunities for each region, particularly when
analyzed alongside shift-share analysis. Boudeville’s classification categorizes regions into
three types: Specialized, Diversified, and Peripheral Regions.

Specialized Regions rely heavily on one or a few key industries for their economic
activity, benefiting from the strong performance of these sectors while also becoming vul-
nerable to sector-specific shocks, such as fluctuations in commodity prices. Diversified
Regions, in contrast, feature a balanced mix of industries across various sectors, including
primary (like agriculture), secondary (such as manufacturing), and tertiary (like services),
which enhances their resilience to economic downturns. Peripheral Regions are character-
ized by weaker economic structures and often face challenges like high unemployment and
declining industries, necessitating targeted policy interventions to stimulate growth. When
combined with shift-share analysis, Boudeville’s framework provides deeper insights into
how specific industries drive regional economic changes, revealing the competitive effects,
structural changes, and industry mix that contribute to overall employment growth or
decline in a region.

4.4.1. Mid-Ohio Valley Region

The employment growth data presented in Table 2 illustrate the findings of the shift-
share analysis for the Mid-Ohio Valley region. This information can be further examined
through the framework of Boudeville’s (1966) classification, which offers valuable insights
into the region’s economic structure.

The mining sector demonstrates a significant positive competitive effect (CE) of
2521.37, indicating its dominant role in the region’s economy. Despite negative trends in
other sectors, mining’s strong performance suggests specialization in this industry. How-
ever, such dependence on mining makes the region vulnerable to sector-specific shocks,
particularly given the volatility of the mining market.

In the healthcare sector, there is notable structural growth reflected by a large industrial
mix effect (IME) of 7288.51, but its negative CE of -4486.90 indicates that other factors are
hindering its full growth potential. While sectors like entertainment, accommodation, and
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scientific services exhibit small positive competitive effects, they are insufficient to classify
the region as fully diversified.

The overall decline in most sectors, including critical industries like manufacturing,
retail trade, and educational services, points to characteristics of a peripheral economy.
The total industries category shows a significant employment decline of —18,498 jobs,
highlighting an underdeveloped or declining economic structure. Peripheral regions often
require policy intervention to stimulate growth and lessen reliance on declining sectors.

4.4.2. Metro Valley Region

The employment growth data presented in Table 3 illustrates the findings of the
shift-share analysis for the Metro Valley region. This information can be further examined
through the framework of Boudeville’s (1966) classification, which offers valuable insights
into the region’s economic structure.

The mining sector exhibits a negative competitive effect (CE) of —2881.56, leading to
an actual job loss of —5990.00. This suggests that the region is specialized in mining, but
such dependence on a declining industry has resulted in significant economic challenges.

The healthcare sector shows a positive industrial mix effect (IME) of 12,337.52 and
a competitive effect (CE) of 1028.92, indicating growth potential. However, this is offset
by declines in manufacturing, retail, and educational services. The mixed performance
of sectors like entertainment and accommodation is insufficient to classify the region
as diversified.

Overall, the Metro Valley region exhibits characteristics of a peripheral economy,
with total industries experiencing an alarming employment decline of —37,335 jobs. Most
sectors, especially manufacturing and retail, are in decline, highlighting the need for policy
interventions to stimulate growth.

4.4.3. New River/Greenbrier Valley Region

The employment growth data in Table 4 highlight the results of the shift-share analysis
conducted for the New River/Greenbrier Valley region. This analysis can be further
interpreted using Boudeville’s (1966) classification, which provides significant insights into
the economic structure of the region.

The mining sector shows a competitive effect (CE) of 898.56, indicating its role as a
key industry in the region’s economy. However, despite this positive competitive effect, the
overall negative growth in other sectors highlights a concerning dependence on mining.
The significant loss of employment across various industries suggests that while mining
may provide some stability, the region remains vulnerable to sector-specific shocks.

The healthcare sector demonstrates substantial potential with a high industrial mix
effect (IME) of 6040.58, but it also has a negative CE of —1756.20. This indicates that while
healthcare has growth potential, it is not currently fully realized. Other sectors, such as
transportation and administrative services, show small positive competitive effects, sug-
gesting a degree of diversity; however, these contributions are insufficient in establishing
the region as a fully diversified economy.

The overall decline in most sectors, including agriculture, manufacturing, retail trade,
and educational services, characterizes the New River/Greenbrier Valley as a periph-
eral economy. The total industries category reflects a significant employment decline of
—12,511 jobs, indicating a deteriorating economic structure. This scenario underscores
the need for policy interventions aimed at stimulating growth and reducing reliance on
declining industries.

4.4.4. Potomac Highlands Region

The employment growth data in Table 5 highlights the results of the shift-share analysis
conducted for the Potomac Highlands region. This analysis can be further interpreted using
Boudeville’s (1966) classification, which provides significant insights into the economic
structure of the region.
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The mining sector shows a competitive effect (CE) of 230.55, indicating its role in the
region’s economy, albeit with modest growth. However, the overall negative growth in the
total industries category (—1102 jobs) suggests that while mining may be a key industry, it
is not strong enough to classify the region as specialized. The presence of declining sectors
raises concerns about economic stability.

The healthcare sector exhibits a notable industrial mix effect (IME) of 4018.63, coupled
with a positive CE of 2641.84, indicating significant potential for growth. Additionally,
sectors like scientific services, retail trade, and accommodation show small but positive
competitive effects, which suggests a degree of economic diversity. However, the overall
performance of many sectors is still weak, preventing the region from being classified as
fully diversified.

The Potomac Highlands region displays characteristics of a peripheral region, evi-
denced by significant declines in critical industries such as manufacturing, retail trade, and
educational services. The overall decline in employment across many sectors contributes
to the region’s underdeveloped economic structure. The total industries category reflects a
notable employment loss of —8447.03 jobs, highlighting the need for policy interventions
to stimulate growth and improve competitiveness.

4.4.5. Mountain Lakes Region

The employment growth data in Table 6 highlight the results of the shift-share analysis
conducted for the Mountain Lakes region. This analysis can be further interpreted using
Boudeville’s (1966) classification, which provides significant insights into the economic
structure of the region.

The Mountain Lakes region does not exhibit clear specialization in any single industry.
Although mining has historically been a key sector, it shows a significant competitive effect
(CE) of —768.92, indicating a decline in its economic contribution. The total employment
loss across all industries amounts to 246 jobs, underscoring a broader economic downturn.

The healthcare sector demonstrates a significant industrial mix effect (IME) of 8703.77
and a positive CE of 2572.34, indicating strong growth potential. Additionally, sectors like
scientific services and accommodation show positive competitive effects, reflecting some
level of diversification within the economy. Nonetheless, the overall performance of many
critical sectors remains weak, preventing classification as fully diversified.

The Mountain Lakes region largely displays characteristics of a peripheral economy, as
evidenced by substantial declines across key industries such as manufacturing, retail trade,
and educational services. The total industries category reflects a significant employment
loss of —14,463.28 jobs, highlighting the need for policy interventions to stimulate growth
and enhance economic resilience.

5. Conclusions and Policy Suggestions

The primary aim of this study is to analyze employment growth patterns across
various sectors in West Virginia over the past two decades and assess their implications
for long-term economic development. By employing shift-share and location quotient
(LQ) analyses, this study identifies the key sectors driving regional employment and
evaluates their current performance. Additionally, it applies Boudeville’s framework to
better understand regional economic structures, highlighting the importance of industry
specialization and diversification. This approach provides guidance for policymakers
in crafting strategies that address the unique challenges faced by different regions. The
findings indicate a critical need for targeted policy interventions to promote economic
stability and growth tailored to the diverse conditions across West Virginia.

In the Mid-Ohio Valley, location quotient (LQ) values indicate that mining, manufac-
turing, and finance are the most concentrated industries. However, a subsequent shift-share
analysis, informed by Boudeville’s classification, reveals that the region is primarily special-
ized in mining, with some diversification evident in healthcare and other service sectors.
Despite this, a general decline across most industries, along with significant losses in
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manufacturing and retail, suggests that the Mid-Ohio Valley exhibits characteristics of a
peripheral region.

To stabilize and promote long-term growth, economic diversification and targeted
policy interventions are crucial. Specifically, in the mining sector, implementing sustainable
practices and diversifying operations—such as transitioning to renewable energy or value-
added processing—can enhance economic stability and reduce vulnerability to market
fluctuations. This approach not only secures long-term employment opportunities but also
benefits the local community.

In the Metro Valley region, location quotient (LQ) values indicate that wholesale
trade, transportation, and utilities are the most concentrated sectors. However, shift-
share analysis reveals that healthcare and entertainment are significant contributors to
employment growth. Informed by Boudeville’s classification, the analysis also shows that
while the region is specialized in mining, it possesses potential in healthcare. Nonetheless,
the decline across critical sectors suggests that the Metro Valley exhibits characteristics of a
peripheral region.

To stabilize the economy and promote long-term growth, economic diversification
strategies and targeted policy interventions are essential. Policies should prioritize enhanc-
ing infrastructure and logistics. Strategic investments in transportation networks would
improve connectivity, reduce operational costs for businesses, and increase efficiency in
trade and distribution.

In the New River/Greenbrier Valley region, location quotient (LQ) values indicate
that agriculture and mining are the most concentrated industries. However, shift-share
analysis reveals that the healthcare sector is a significant contributor to employment growth.
Utilizing Boudeville’s classification alongside shift-share analysis, it becomes clear that
while the region specializes in mining, it faces challenges in diversification and has experi-
enced substantial employment losses across various sectors, reflecting the characteristics
of a peripheral region. To foster long-term economic stability and growth, it is crucial to
implement economic diversification strategies and targeted policy interventions.

Therefore, to promote long-term economic stability and growth in the New River/
Greenbrier Valley region, establishing grant programs or low-interest loans for small
business development is crucial to encourage entrepreneurship and diversify the econ-
omy. Additionally, investing in tailored workforce development programs, particularly in
healthcare and technology, will equip the local workforce with essential skills, enhancing
employability and fostering a more resilient economy.

In the Potomac Highlands region, location quotient (LQ) values indicate that agricul-
ture and manufacturing are the most concentrated industries. Shift-share analysis reveals
that employment growth has primarily been driven by healthcare, accommodation, and
scientific sectors. Boudeville’s classification highlights that while the region demonstrates
some strengths in healthcare, overall employment declines across various sectors suggest
characteristics of a peripheral economy. The combination of specialized activities in mining
and the potential for growth in healthcare underscores the urgent need for economic diver-
sification strategies and targeted policy measures to stabilize the economy and promote
long-term growth.

To enhance resilience, modernizing agricultural practices through technology and
sustainability can increase productivity and create more stable job opportunities for farmers.
Additionally, supporting manufacturing by investing in infrastructure and advanced tech-
nologies would foster highly skilled jobs, boosting economic output and decreasing reliance
on a limited number of sectors. Lastly, improving educational opportunities is crucial for
equipping the workforce with the skills needed to thrive in these evolving industries.

In the Mountain Lakes region, location quotient (LQ) values indicate that scientific
services, healthcare, and utilities are the most concentrated industries. Shift-share analysis
reveals that healthcare, administrative services, scientific sectors, and accommodation have
significantly contributed to employment growth. According to Boudeville’s classification,
while the Mountain Lakes region shows promise in healthcare and some construction
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activities, the overall decline in critical sectors suggests it exhibits characteristics of a
peripheral economy. This combination of specialized activities and potential growth in
healthcare underscores the need for targeted economic diversification strategies and policy
measures to stabilize the economy and foster long-term growth.

To achieve these goals, policymakers should focus on enhancing infrastructure and
promoting workforce development. Investments in healthcare facilities and technological
advancements can stimulate job creation and improve service delivery. Furthermore, devel-
oping training programs tailored to the needs of emerging industries will equip the local
workforce with the skills necessary for future job opportunities, ultimately contributing to
a more resilient and diversified economy.

This study has certain limitations. Its analysis is primarily based on location quotient
(LQ) and shift-share methodologies, which may not fully reflect the dynamic nature of
regional economies. Additionally, LQ and shift-share analyses do not account for external
factors, such as market fluctuations or policy changes, that can significantly impact sector
performance. The emphasis on specific sectors may also overlook the interconnectedness of
the industries, potentially resulting in a fragmented understanding of the regional economy.

Future research could strengthen the findings by integrating additional economic
indicators and qualitative assessments, providing a more comprehensive view of regional
dynamics. Incorporating spatial analysis techniques and examining sector interactions
could offer deeper insights into the drivers of economic growth. Moreover, conducting
longitudinal studies that track changes over time would enhance our understanding of
how policies and external conditions affect employment patterns, leading to more effective,
tailored policy recommendations for each region.
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Abstract: It is reasonable to state that gastronomic tourism is an efficient tool that has the potential to
refresh Thailand’s macroeconomic viability. With the aim of becoming a hub of tourism in Southeast
Asia, Thailand’s tourism industry must urgently address and sustainably integrate gastronomic
activities to navigate the troubled situation caused by its decline after the COVID-19 pandemic.
This has led the authors to conduct a deep study on a regional input—output (I-O) table analysis for
Thailand’s tourism system, specifically focusing on gastronomic activities and tourism industries.
The tourism I-O data used in this study come from the official source provided by the Thailand
Ministry of Tourism and Sport. Empirically, the results of the dynamic regional I-O model predict
that Bangkok and its surrounding areas are the heart of gastronomic tourism development, driving
income into Thailand’s economy. The eastern region stands as the second-largest area of gastronomy
tourism, generating a positive impact on Thailand’s economy. On the other hand, the Northeast
of Thailand receives less income from gastronomy tourism despite being the largest area in the
country. Ultimately, there should be a greater emphasis on gastronomy tourism policies in order to
fully maximize their potential for tourism development, stimulating every part of Thailand during
the economic depression caused by COVID-19. Moreover, gastronomy tourism has the potential
to play an important role in driving economic growth through the combination of cuisine and
tourism development.

Keywords: tourism I-O data; decline of COVID-19; gastronomic tourism; reginal of Thai’s economy;
dynamic regional input-output model; prediction; stimulating

1. Introduction

Nowadays, gastronomy generates significant income for the global tourism indus-
try by offering cultural experiences and influencing travelers to engage in food tourism.
According to market research, the global gastronomy tourism market was valued at USD
237.7 billion in 2020 and is predicted to grow at an average rate of 14.2% per year from 2021
to 2028. For the Thai economy, gastronomy tourism may be a potential key factor in driving
the tourism industry of Thailand after its decline caused by the COVID-19 pandemic.

The policy of promoting high volumes of inbound tourists has produced good results
in tourism revenues for Thailand’s economy for several decades (Chaitip and Chaiboonsri
2009; TAT 2019). However, most of the tourism income, especially spending on gastronomic
activities in 2020, is generated by centralized travel in capital cities (Thailand Ministry of
Tourism and Sports 2019) (see Figure 1). Figure 1 confirms the abnormal distribution of
travel styles (spending on gastronomic activities) in Thailand’s regional areas. Bangkok
and its surrounding areas are commonly regarded as the center of Thailand’s tourist desti-
nations, accounting for approximately 32.7% of tourist arrivals for gastronomy spending.
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However, the problem lies in monitoring regional distributions. The Northeastern region is
the largest region in Thailand, but it only accounts for 5.74% of inbound tourist spending
on gastronomy activities.

Figure 1. The distribution of travel styles, especially gastronomy tourism spending, in Thailand.
Source: Thailand Ministry of Tourism and Sports (2019).

On the other hand, the Southern region, despite having a smaller area, attracts 29.05%
of tourists who choose to travel and spend on gastronomy activities in Thailand. There is
also an imbalance in travel styles for gastronomy activity between the Western and Eastern
regions (Thailand Ministry of Tourism and Sports 2019). Additionally, the Central region,
which is the area connected to the capital city, surprisingly attracts the minimum number
of tourists for gastronomy spending. Consequently, this information reveals the problem of
tourism management, especially in the context of gastronomy tourism development, in
many parts of Thailand. Therefore, achieving balanced economic development for every
part of Thailand based on the gastronomy tourism industry should be a crucial topic for
long-term prosperity without harming the environment (United Nations (UN) Sustainable
Development Goals (SDGs)1).

Besides inefficient management for promoting rural tourism in Thailand causing the
country to miss a chance to become the central tourism destination in Southeast Asia,
Thailand tourism was collapsed by the COVID-19 pandemic that started in the fourth
quarter in 2019. Figure 2 shows the dramatic fall in tourism arrivals during 2019 and
2020. This shock immediately shut down international and domestic tourism activities
and caused small businesses to continuously decline due to declining tourism markets.
However, rural tourism and agricultural activities can play a key role in refreshing the
market. It is recommended that gastronomy tourism (also commonly referred to “food
tourism” or “culinary tourism”) be politically reconsidered. Gastronomy tourism has
currently become a major force in travel and local development (Kiral'ova and Hamarneh
2017; Rachao et al. 2019; Rinaldi 2017). Thailand has gained advantages because of its
highly logistically favorable location. Additionally, every single area in the country has a
significant level of cultural uniqueness, including unique local foods and stories.

In other words, consumers travel for food and try to seek experiences that drive
the destination choices of people worldwide. Interestingly, many checking points have
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made highlighting food and drink offerings as a key part of their messaging strategy.
Ultimately, gastronomy tourism is the ideal way to connect agricultural employment with
small businesses (SMEs) in the upcoming future, thus helping to promote sustainable
development according to the 2030 SDGs (Goal#2) of the United Nations (2020), sustainable
food and agriculture by FAO (2020), and creative economy by UNESCO (2013).
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Figure 2. The number of tourist arrivals (person) in Thailand from 2016 to 2020.

2. The Review of Tourism Management and Reginal Input-Output Analysis

The positive consequences of efficient tourism management—job creation, the ex-
pansion of investments, infrastructure development, and improvements in standard of
well-being—have been found in many host areas (Brankov et al. 2019; Liu and Var 1986;
Mitchell and Reid 2001). However, all tourism development has to face trade-offs be-
tween what investors consider to be benefits and the costs of those benefits. In terms of
the situation in this article, investors are government authorities who are curious about
people’s votes. Hence, substantial policy implementations are the key motivation for
regional input-output (I-O) analyses. A regional I-O model permits a deep investigation
of certain problems in a space economy, referring to changing regional and interregional
structures based on a set of restrictive assumptions (Isard 1951). For the historical research
review, regional I-O analysis is broadly used to macroeconomically monitor crucial sectors;
for example, Rey (2000) started to integrate regional econometric tools which arise from
multiregional linkages and spatial effects and I-O modeling simultaneously. Santos (2005)
studied regional decomposition in the I-O table for capacitating a more focused and there-
fore a more accurate analysis of interdependencies for regions of interest in the 1997 US
Economy. Zhang et al. (2016) applied a multi-regional I-O analysis to compute economic
impacts in a Chinese industry which intends to withdraw demand-driven water. Hardadi
and Pizzol (2017) employed multiregional I-O analysis to incorporate the environmental
dimension and the social dimension in extending the theoretical framework, thus enabling
advancement in the use of social life cycle assessment. The characterization of labor-related
impacts was the main issue in highlighting unemployment impacts on human productivity
in the United States.

Stadler et al. (2018) applied multiregional I-O to environmentally extend a compre-
hensive description of the global economy and analyzed its effects on the environment.
They gathered data from the EE MRIO databases which range from 1995 to 2011 for 44
countries, thus five regions of the world. An important conclusion of the paper was that
the high sectorial detail and wide spectrum of the I-O data allow for both economy-wide
assessments and the identification of environmental hotspots (i.e., energy production, food,
and mobility). In contrast to I-O data for macroeconomic research, it is rare for tourism
sectorial analysis to be empirically focused. Because of the difficulties of official data
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collection and accessibility, the huge gaps in research are the impetus to create official
tourism I-O tables to describe multipliers of tourism activities and affiliated industrial
sectors. Zimmermann et al. (2013) were among the few tourism I-O researchers, and they
conducted research in Mecklenburg—Western Pomerania, Germany. This paper combined
regional tourism economic structures and I-O analyses to quantify output, value-added,
and wage bills referring to tourists’ demands when coming to the German state. As an
inspiration, the current paper applied the idea of dynamic regional I-O analysis for moni-
toring ‘Gastronomy’ tourism sectors affecting Thailand’s economic viability, based on the
initial assumption that the COVID-19 pandemic can be efficiently controllable in Thailand.

3. The Dynamic I-O Model for Regional Analysis of Thailand

The dynamic I-O model has been applied to analysis in the tourism industry context
beginning with Dwyer et al. (2010), who explained how to use this model to evaluate the
impact of tourism policy in the world tourism sector. Moreover, in 2013, Zimmermann
and Hirschfeld utilized this model to analyze the impact of climate change on tourism
development in Mecklenburg—Western Pomerania, Germany. The dynamic I-O model
continues to work very well. Kronenberg et al. (2018) utilized the dynamic I-O model to
evaluate tourism’s economic contribution in a regional context for Sweden. However, in the
gastronomy tourism sector, there are still only a few research articles that have applied this
model to evaluate its economic impact, especially the impact of tourism on the economy
based on the context of regional gastronomic economic impact. Therefore, this research
article would like to utilize the dynamic I-O model to examine the economic impact of
gastronomy tourism in several areas in Thailand.

For the beginning of the methodological section, the condition is to start with a
concept of single-region analysis. The research scope focuses on Thailand’s tourism sector,
specifically considering gastronomic activities. Inside the country, we, therefore, proceed to
a model that attempts to capture not just intra-regional interactions but also interregional
linkages. The fundamental aim of single-region I-O models is to measure the impact on
regional output of changes in regional final demand. National output and final demand
are demonstrated as the following vectors:

X1

X2
XN =

Xn

Y1
Yy = y'z

LYn
To address the economy as a whole, inside the equation (I — A) - x = y, the matrix A
can be defined as the classification of national commodities:

an A1n
a .. a

A — 21 2n (1)
Anl Ann

It is necessary to extensively modify the matrix (A) for a regional analysis of Thailand;
the process followed here is below.
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where
PR = the proportion of output for the production sector (i) in a specified region (R).
Seven regions of Thailand are compared with the total output of the same production sector
(7) of the whole of Thailand:
xR = the total output of the production sector (i) in a specified region (R) of Thailand
e} = the export output of the production sector (i) in the specified region (R) of Thailand
MR = the import output of the production sector (i) in the specified region (R) of Thailand
In the regional case, the matrix A of the I-O model which would be applied in the
regional analysis of Thailand needs to be modified by multiplying it by PX (Equation (1)).

Py
R
Ppy
pR= |~ ,i=1,...,n (n = production sector(i)of Thailand)
PR
Iﬁi
PR 0 0
5 |0 P§ 0
P=<P>= 0 0
R
0 Iﬁi
Then,
a1 . . Ain
PA=DPA=|"" - - M| pp
a1 - - fGun

To modify the previous composed vectors X and Y, the formation of the model can be
demonstrated as follows (Miller and Blair 2009; Sargento 2009): (see Equation (2))

2 -

—Ar  (I-Ag)| [Xr YR
[xR}Fr—AR> ~Ax }1[hﬂ
)(R o ——/iR (I«—-/ﬁR) Yﬁ
This equation quantifies the nationwide effect on the total output for each product
category, driven by an exogeneous change in the demand of either one or more national
sectors’ and/or one or more regional sectors’ outputs. Moreover, the formula of the

Dynamic I-O model for a regional analysis of Thailand must be transformed again (see
Equations (3) and (4)).

@

Xp=(1—-Ar) "YV& 3)
(I+ Ag + Br)Xk — BXL =Y} (4)

where
I = the identity matrix
Br = the capital coefficient matrix of a specified region of Thailand
X% = the output of a specified region of Thailand
Y} = the final demand of a specified region of Thailand
When T = 3, i.e, three years, ((I + Ar + Br) = Gg)

GrXY — BrXk = Y2 (5)

GrXk — BrX% = Y} (6)
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GrX% — BrX3 = Y3 (7)

GrX3 — BrXE = Y3 8)

This calculation technique has been implemented in this research article for the four
linear equations already mentioned above, in which it was necessary to delete Equation (8).
Therefore, the overall input/output results of the estimation by the Dynamic I-O model for
the regional analysis of Thailand are stated in Equations (9)—(11).

Xk = Gg' (YR + BrXp) )
Xk = Gx' (Yg + BrXR) (10)
Xk = Gg' (YR + BrX) (11)

From Equations (9) and (10), it can be explained that X9, X}z, and XIZz are the output of
the Dynamic I-O model for the regional analysis of Thailand in one year each. However,
this research article only focuses on a one-year prediction (2021) based on gastronomic
tourism’s economic impact on the regional economy of Thailand. The significant multiplier
measurement for the Dynamic I-O model can thus be computed by Glgl.

4. Data Review
4.1. The COVID-19 Pandemic and Thailand Gastronomic Tourism

At the moment of writing, Thailand has efficiently controlled the COVID-19 pandemic
since the detection of the outbreak in 2019. With confidence underlying a strong public
health system and the country’s prior experiences with major breakouts, the number of
infections is impressively low (World Health Organization 2020). However, strict control
has inevitably caused a depression in the country’s economy. International tourism is
the most harmed sector. Hence, domestic purchasing power is intensively considered.
Gastronomic tourism is an activity directly connected with domestic consumption. Table 1
details information that supports this idea. In 2020, almost 736,052 million Baht was
contributed to the economy of Thailand by domestic gastronomic spending. Bangkok
(the capital city) together with the vicinities and provinces of the Southern region were
the leading gastronomy destinations, gaining record gastronomy spending of 240,984 and
213,820 million Baht, respectively. The Northern and Eastern regions were comparatively
minor gastronomy tourism destinations. The Northeastern region, the largest area in
Thailand, generated a similar income via gastronomy tourism to the Western region, which
is one of the smallest areas in the country. Lastly, the Central region was the only area in
which gastronomy tourism was not the major source of income.

Another important detail represented in Table 1 is the initial predictive Beta for a
dynamic I-O computation. Based on an optimistic foresight for 2021 GDP growth because
of the efficient control of COVID-19 outbreaks, 5% is the initial rate used to set the portions
of regional outputs. This therefore confirms that Thailand is facing an unsustainable level
of development in gastronomy tourism because the tourism destinations are intensively
concentrated in Bangkok and the Southern region. These areas have been reported to be at
risk of causing outbreaks of the virus since December 2020. New cases observed in a shrimp
market in Samut Sakhon province near Bangkok are migrant workers from neighboring
countries. Additionally, seafood from the province is widely delivered to the Southern
region (Giri 2021).

Using the official Thailand tourism I-O table provided by the Thailand Ministry of
Tourism and Sports, 23 sectors (see Table 2) pertaining to gastronomic tourism were selected
from 89 industrial activities in the 2017 I-O table.
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The selected sectors are defined as those that impact gastronomy tourism in Thailand
through multiplier effects (Benedek et al. (2020)), because all 23 sectors play a significant role in
the food industry, whether upstream, midstream, or downstream. In addition, the food industry
supplies food to gastronomy tourism? when this ecosystem of both moves up together, which
empowers the drive for the economy of Thailand to achieve more after its COVID-19-related
decline. However, these data will then be processed in the relating to dynamic regional I-O
forecasting.

Table 1. The situation of gastronomy tourism in Thailand during 2020 and initial predictive Beta for
the dynamic I-O model.

Regions of Thailand Spending in Gast.r01.10mic Activities in 2020 Poition Initial Be‘ta for theo Dynamic I-O Model
(Million Baht) (%) (Predictive +5% for 2021 (GDP))
Bangkok & Vicinities 240,984 32.74 0.0164
South 213,820 29.05 0.0145
East 88,961 12.09 0.0060
North 81,355 11.05 0.0055
West 48,644 6.61 0.0033
Northeast 42,276 5.74 0.0029
Central 20,012 2.72 0.0010
Total 736,052 100.00 0.0500

Table 2. The collected gastronomic tourism I-O sectors based on the 2017 tourism I-O table.

Sectors I-O Definition
10-001 Paddy
10-002 Maize
10-003 Cassava
10-004 Beans and Nuts
10-005 Vegetables and Fruits
10-006 Sugarcane
10-007 Rubber (Latex)
10-008 Other Crops
10-009 Livestock
10-010 Forestry
10-011 Fishery
10-012 Slaughtering
10-013 Processing and Preserving of Foods
10-014 Rice and Other Grain Milling
10-015 Sugar Refineries
10-016 Other Foods
10-017 Animal Food
10-018 Beverages
10-019 Tobacco Processing and Products
10-020 Food and beverage serving activities
10-021 Other food service
10-022 Drinking Places
10-023 Other beverage services

Source: Thailand Ministry of Tourism and Sports (2020).

134



Economies 2024, 12, 180

4.2. Result of Dynamic Regional Input-Output Analysis

Based on the high-performance areas identified for as gastronomy tourism destina-
tions, further details can be found in Table 3. This table shows the details of a comparison of
dynamic regional multipliers” predictions between Bangkok and vicinities and the Southern
provinces; it is clear that the performance of the capital city and its surrounding neigh-
borhoods in terms of gastronomic tourism destinations is almost higher than that of its
counterpart. For example, a premium high productive sector is animal food industries,
while high productive sectors include sugar industries, slaughtering companies, even
food and beverage serving activities, etc. However, there are some interesting points; for
example, state industries manufacturing beans and nuts perform better in the Southern
region rather than the capital city because of the lack of farming area in the latter. Moreover,
industries producing preserved foods in the Southern region contain the higher multiplier
than those in its counterpart because of its greater raw material sources. To summarize,
gastronomy tourism in Thailand does not have many options for renewal. Policies to
promote gastronomic activities should be initially implemented in the area of the capital
city and its neighbors.

Table 3. The comparison of dynamic multiplier predictions between Bangkok and vicinities and the
Southern region in Thailand based on gastronomic sectoral activities.

Dynamic Multiplier
Sector I-O Overall Multiplier — Interpretation
BKK-Vicinities (1) Southern (2)
Paddy 1.6071 * 1.0107 1.00943 1) >(2)
Maize 1.7724 * 1.0126 1.01112 1) >(2)
Cassava 1.8358 * 1.0119 1.01054 1) >(Q2)
Beans and Nuts 2.1238 ** 1.0141 1.01247 1) <(2)
Vegetables and Fruits 1.7794 * 1.0113 1.01003 1>
Sugarcane 2.0750 ** 1.0156 1.01382 1>
Rubber (Latex) 1.4219* 1.0064 1.00566 1) >(2)
Other Crops 1.8989 * 1.0125 1.01102 1) >(2)
Livestock 2.3209 ** 1.0094 1.00833 1) >(2)
Forestry 1.5803 * 1.0049 1.00435 1) >(2)
Fishery 2.3247 ** 1.0108 1.00958 1) >(2)
Slaughtering 2.7258 ** 1.0130 1.01149 1) >(2)
Processing and Preserving of Foods 2.7481** 1.0140 1.01236 1) <(@?)
Rice and Other Grain Milling 2.2944 ** 1.0213 1.01887 1>
Sugar Refineries 2.2143 ** 1.0101 1.00891 1>
Other Foods 2.5331 ** 1.0118 1.01038 1) >(2)
Animal Food 3.0458 *** 1.0147 1.01297 1) >(2)
Beverages 2.2307 ** 1.0101 1.00888 1) >(2)
Tobacco Processing and Products 1.3877 * 1.0044 1.00388 1>
Food and beverage serving activities 2.7014 ** 1.0133 1.01174 1) >(2)
Other food service 2.5010 ** 1.0110 1.00969 1) > (2)
Drinking Places 2.1593 ** 1.0093 1.00817 1>
Other beverage services 1.9026 * 1.0075 1.00662 1>

Note: * indicates a gastronomic sectoral multiplier > 1 (productive sector). ** indicates a gastronomic sectoral
multiplier > 2 (high productive sector). *** indicates a gastronomic sectoral multiplier > 3 (premium high
productive sector).
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Regarding the potential areas for gastronomy tourism destinations, more details can
be found in Table 4. The results indicate that provinces in the Eastern region perform better

overall than those in the Northern region as primary gastronomy tourism destinations.

The advantages of the eastern region are sea-connecting and multi-farming provinces
such as Chonburi, Rayong, Chanthaburi, and Trad. These provinces have agricultural
sectors—paddy, maize, cassava, beans, nuts, and farms for vegetables and fruits—which
are essential for driving the downstream of gastronomy tourism. Additionally, beverage
and food service companies in the Eastern region are predicted to be more active than
those in the Northern region. However, with the lack of agricultural spaces and living costs
in the Eastern region, gastronomic activities such as slaughtering, preserved foods, and
rice farming perform better in Northern provinces. To summarize this issue, Eastern and
Northern areas can be defined as a good choice to continue the sustainable development
for gastronomy tourism.

Table 4. The comparison of dynamic multipliers between the Eastern region and Northern region in
Thailand based on gastronomic sectoral activities.

Dynamic Multiplier
Sector I-O Overall Multiplier Fastern 3) Northern @) Interpretation
Paddy 1.6071 * 1.0039 1.0036 3)>@4)
Maize 1.7724 * 1.0046 1.0042 3)>4)
Cassava 1.8358 * 1.0043 1.0040 3)>(@4)
Beans and Nuts 2.1238 ** 1.0051 1.0047 (3)>4)
Vegetables and Fruits 1.7794 * 1.0041 1.0038 3)>4)
Sugarcane 2.0750 ** 1.0057 1.0052 3) > 4)
Rubber (Latex) 1.4219 * 1.0023 1.0021 3)>4)
Other Crops 1.8989 * 1.0045 1.0042 B)>4)
Livestock 2.3209 ** 1.0034 1.0031 3)>@4)
Forestry 1.5803 * 1.0018 1.0016 3)>4)
Fishery 2.3247 ** 1.0039 1.0036 3)>4)
Slaughtering 2.7258 ** 1.0039 1.0043 3)<@“)
Processing and Preserving of Foods 2.7481 ** 1.0046 1.0047 B)<4)
Rice and Other Grain Milling 2.2944 ** 1.0043 1.0071 B)<4)
Sugar Refineries 2.2143 ** 1.0051 1.0034 3)>4)
Other Foods 2.5331 ** 1.0041 1.0039 3)>4)
Animal Food 3.0458 *** 1.0057 1.0049 3)>4)
Beverages 2.2307 ** 1.0023 1.0033 (3)<¢)
Tobacco Processing and Products 1.3877 * 1.0045 1.0015 3)>4)
Food and beverage serving activities 2.7014 ** 1.0048 1.0044 3)>4)
Other food service 2.5010 ** 1.0040 1.0036 3)>4)
Drinking Places 2.1593 ** 1.0034 1.0031 3)>@4)
Other beverage services 1.9026 * 1.0027 1.0025 3)>4)

Note: * indicates a gastronomic sectoral multiplier > 1 (productive sector). ** indicates a gastronomic sectoral
multiplier > 2 (high productive sector). *** indicates a gastronomic sectoral multiplier > 3 (premium high
productive sector).

The optional areas for gastronomy tourism destinations are detailed in Table 5. This

table provides a clear comparison, demonstrating that the Western region outperforms the
Northeastern region in terms of agricultural activities and services related to beverages
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and food. However, it is noteworthy that there is a significant disparity in the sizes of these
regions. The Northeastern region, being the largest in Thailand, comprises more provinces
than the Western region (Thailand Ministry of Natural Resources and Environment 2021).
Despite this, the economic multipliers of the Northeastern region have only a marginal
impact on enhancing gastronomy tourism in the country. In summary, while both regions
serve as viable alternatives for gastronomic activities, the Western region offers more value
for promoting gastronomy tourism, especially in light of budget constraints. The minor
area for gastronomy tourism destinations is detailed in Table 6. The Central region has
the lowest multipliers impacting Thailand’s gastronomy tourism. With multiplier values
equivalent to one, this implies that investing budgets to initiate gastronomic tourism
activities in this region would only achieve break-even development.

Table 5. The comparison of dynamic multiplier predictions between Northeastern region and West
region in Thailand based on gastronomic sectoral activities.

Dynamic Multiplier
Sector I-O Overall Multiplier Interpretation
West (5) Northeastern (6)
Paddy 1.6071 * 1.0021 1.0019 (5) > (6)
Maize 1.7724 % 1.0025 1.0022 (5) > (6)
Cassava 1.8358 * 1.0024 1.0021 (5) > (6)
Beans and Nuts 2.1238 ** 1.0028 1.0025 (5) > (6)
Vegetables and Fruits 1.7794 * 1.0023 1.0020 (5) > (6)
Sugarcane 2.0750 ** 1.0031 1.0027 (5) > (6)
Rubber (Latex) 1.4219°* 1.0013 1.0011 (5) > (6)
Other Crops 1.8989 * 1.0025 1.0022 (5) > (6)
Livestock 2.3209 ** 1.0019 1.0016 (5) > (6)
Forestry 1.5803 * 1.0010 1.0009 (5) > (6)
Fishery 2.3247 ** 1.0022 1.0019 (5) > (6)
Slaughtering 2.7258 ** 1.0026 1.0023 (5) > (6)
Processing and Preserving of Foods 2.7481 ** 1.0028 1.0024 (5) > (6)
Rice and Other Grain Milling 2.2944 ** 1.0043 1.0037 (5) > (6)
Sugar Refineries 2.2143 ** 1.0020 1.0018 (5) > (6)
Other Foods 2.5331 ** 1.0023 1.0021 (5) > (6)
Animal Food 3.0458 *** 1.0029 1.0026 (5) > (6)
Beverages 2.2307 ** 1.0020 1.0018 (5) > (6)
Tobacco Processing and Products 1.3877 * 1.0009 1.0008 (5) > (6)
Food and beverage serving activities 2.7014 ** 1.0026 1.0023 (5) > (6)
Other food service 2.5010 ** 1.0022 1.0019 (5) > (6)
Drinking Places 2.1593 ** 1.0018 1.0016 (5) > (6)
Other beverage services 1.9026 * 1.0015 1.0013 (5) > (6)

Note: * indicates a gastronomic sectoral multiplier > 1 (productive sector). ** indicates a gastronomic sectoral
multiplier > 2 (high productive sector). *** indicates a gastronomic sectoral multiplier > 3 (premium high
productive sector).

Therefore, while this region is less ideal for promoting gastronomy tourism, it presents

a better opportunity for sustainable development as a provider of raw gastronomic materi-
als for major tourist destination cities.
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Table 6. Dynamic multiplier predictions for the Central region in Thailand based on gastronomic
sectoral activities.

Sector I-O Overall Multiplier Dynamic Multiplier
Central (7)
Paddy 1.6071 * 1.0008
Maize 1.7724 * 1.0009
Cassava 1.8358 * 1.0008
Beans and Nuts 2.1238 ** 1.0010
Vegetables and Fruits 1.7794 * 1.0008
Sugarcane 2.0750 ** 1.0011
Rubber (Latex) 1.4219* 1.0005
Other Crops 1.8989 * 1.0009
Livestock 2.3209 ** 1.0006
Forestry 1.5803 * 1.0003
Fishery 2.3247 ** 1.0007
Slaughtering 2.7258 ** 1.0008
Processing and Preserving of Foods 2.7481 ** 1.0009
Rice and Other Grain Milling 2.2944 ** 1.0015
Sugar Refineries 2.2143 ** 1.0006
Other Foods 2.5331 ** 1.0007
Animal Food 3.0458 *** 1.0009
Beverages 2.2307 ** 1.0006
Tobacco Processing and Products 1.3877 * 1.0003
Food and beverage serving activities 2.7014 ** 1.0008
Other food service 2.5010 ** 1.0007
Drinking Places 2.1593 ** 1.0006
Other beverage services 1.9026 * 1.0005

Note: * indicates a gastronomic sectoral multiplier > 1 (productive sector). ** indicates a gastronomic sectoral
multiplier > 2 (high productive sector). *** indicates a gastronomic sectoral multiplier > 3 (premium high
productive sector).

5. Conclusions and Policy Recommendations

Although gastronomic activities are common and merged into daily life for the Thai
people, promoting gastronomy tourism to the flagship in terms of of refreshing the Thai
economy after the COVID-19 outbreak is a difficult task in terms of political consideration
and decentralized development. It is very clear that Bangkok is the most popular city
and the signature for Thailand’s gastronomy tourism. However, Bangkok is just a small
area that can only provide short-term tourism, meaning a short trip by low-cost travelers.
Consequently, this issue is what has inspired the authors to apply dynamic regional I-O
analysis to clarify the unsustainable development of gastronomy tourism in Thailand.
When we move our attention to regional monitoring, there are many areas in Thailand that
have yet to be developed as valuable destinations of gastronomic activities.

The South of Thailand is the leader in terms of ocean-gastronomic areas. Considering
the north of Thailand, this area can be defined as ‘truly forest’. Many unique foods from
unique tribes here are the key to refreshing the sustainability of long-term travel. The
Western and Northeastern regions present a good opportunity for renewal due to the
combination of local lives with local foods. Through their connectivity with neighboring
countries, these two areas have potential in multi-national gastronomy tourism. The Central
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region is indicated as a last option, but this is an interesting region that can be promoted
in terms of ‘historical gastronomy activity’, which can be a locally-generated source of
national incomes from downstream production lines.

The conclusion of this article is that gastronomy tourism is the solution for reversing
Thailand’s economic depression caused by the COVID-19 pandemic. Gastronomic activities
are deeply linked to the power of purchasing by domestic tourists, which is the only way
to rescue local small businesses in the tourism sector. The dynamic regional I-O model
is not a novel econometric application, but it can efficiently help to monitor the whole
economic system with trustworthy information inputs. The recent economic sectors of
tourism in Thailand, based on the structure of the tourism economy, were constructed
using the 2017 tourism I-O table database. This database is officially provided by the
Thailand Ministry of Tourism and Sports and serves as the main source for this paper.
Assuming that the pandemic is less impactful, the results strongly suggest that Thailand’s
gastronomic tourism can have a positive impact on other economic sectors, particularly after
the economic downturn caused by the COVID-19 pandemic. This is because gastronomic
activities have an influence on both downstream and upstream production lines.

The main policy recommendation of this research study is to stimulate gastronomic
tourism in several regions of Thailand through digital tourism platforms (Sigala 2020;
Bekele and Raj 2024). These platforms aim to connect tourists with local gastronomic
experiences, particularly in the Northeastern, Central, and Western regions of Thailand
(see Tables 5 and 6). This is necessary because both regions have a lower I-O multiplier
compared to other regions in Thailand. Furthermore, it is crucial for both the public and
private sectors to collaborate with food bloggers, chefs, and social media influencers to
create an ecosystem that promotes Thai gastronomy and covers every regional part of
Thailand extensively (Gursoy and Chi 2020; Kiral'ova and Malec 2021). Because of the
experience of COVID-19, the significant part of policies regarding the gastronomic tourism
industry for every region of Thailand must focus on health and safety protocols in order for
all gastronomic tourism activities to boost demand and supply in sustainable gastronomic
tourism (Baum and Hai 2020).

Moreover, the tourism industry in Thailand has grown very quickly, but there has
been a lack of balance in its progress for a long time, especially in the development of
gastronomy tourism. Based on data from 2019, gastronomy tourism in Thailand contributes
significant income to the Thai economy. It was found that only two regions, Bangkok &
Vicinities and Southern Thailand, contributed income to the Thai economy. However, this
research is consistent with this report as well, because the overall multipliers of the food
industry in these regions were the highest compared to other regions of Thailand (see
Tables 2-6).

The second policy recommendation aims to enhance digital marketing to promote
and support the distinctive aspects of gastronomy tourism in every region of Thailand,
ensuring a fair distribution of economic benefits throughout the country (Thirumoorthi
and Sedigheh 2021).

For future research, an updated tourism I-O table would provide a more accurate
representation of the realities of gastronomic tourism in the country, which is the limitation
of this study. However, the new updated tourism I-O table for Thailand will be announced
soon?, and it will be more precise in computing the multiplier of the food industry’s impact
on gastronomy tourism and would be more appropriate for examining its economic impact
for future studies. This research article used a specific tourism I-O table from 2017, one that
was recently updated in Thailand*. Normally, the I-O table must be surveyed to collect
data every 5 years as per the standard in Thailand®. This is because the I-O table assumes

that the economic structure changes slowly every 5 years®.
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Notes

See https:/ /www.un.org/sustainabledevelopment/sustainable-development-goals/ (accessed on 29 May 2024).
See https:/ /www.unwto.org/gastronomy-wine-tourism (accessed on 29 May 2024).

See https:/ /www.mots.go.th/mots_en (accessed on 29 May 2024).

See https:/ /www.mots.go.th/news/category/433# (accessed on 29 May 2024).

See https:/ /www.nesdc.go.th/more_news.php?cid=570&filename=io_page (accessed on 29 May 2024).
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See https:/ /apps.bea.gov/scb/issues/2020/12-december/1220-reprint-input-output-tables.htm (accessed on 29 May 2024).
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Abstract: Water scarcity is an important threat to food security in the Euphrates-Tigris river. Water
scarcity is a huge worldwide problem that results from the rapid increase in water demand, which
exceeds the amount of available water. The most significant problems currently affecting countries
are food insecurity water scarcity. The Euphrates-Tigris river countries suffer from different political
issues, such as the Syrian war and internal civil conflicts in Iraq. In addition, this area consists
of only three countries: Iraq, Syria, and Turkey, but it affects the entire Middle East. Turkey has
established many irrigation projects compared to Iraq, which still suffers from the previous American
invasion. Therefore, this study examines the Euphrates-Tigris river (using two countries) to examine
the relationship between water scarcity and food security from 1992 to 2020. This study will be
conducted using a fixed and random regression approach over 18 years. The results show a negative
relationship between water scarcity and food security in the short run, at a 10% significance level,
and a long-term positive relationship of 1%. Thus, the use of research and development and the
encouragement of investments will help policymakers to develop a nexus between water scarcity
and food security.

Keywords: water; agriculture; food; Euphrates-Tigris river; urban development;
development studies

1. Introduction

Water is not only a factor of involving food, environmental challenges, and health
issues, but it now plays a significant role in economic and social activities as well. Over
the past decade, conflicts over shared water resources in the Middle East have peaked.
The disputes over the Euphrates-Tigris river between Turkey, Syria, and Iraq threaten
the stability and peace of these countries. With the construction of dams and different
water development projects since the 1950s, water sharing has become a huge conflict,
particularly due to a lack of a water sharing agreement or water mismanagement. This
issue has become critical, specifically for downstream countries.

As the Euphrates-Tigris river benefits all countries in the region, as shown in
Figure 1, Turkey claims that the local dam is beneficial to Iraq, assuming an increase
in the regulated flow of the Tigris water, and Iraqi officials stated that Iraqi farmers are
facing huge uncertainty regarding their agricultural crops, as they are now subject to the
whims of Ankara (Zarei 2020). Moreover, Iraq was one of the few countries in the region
that was considered a grain and cereal exporter in the past, and it was planning to be
a grain exporter by 2017, but it has now been transformed into a grain importer, which
reflects the disastrous agricultural outcome of the current water situation (Ewaid et al.
2021).

As a result of the decrease in the amount of water flowing from the Tigris and Eu-
phrates rivers, farmland has diminished across Iraq. The country’s agricultural import bill
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has greatly increased because many farmers in the two river basins have been unable to
grow crops for years, and some have abandoned their dried fields throughout Iraq. The
water levels in Iraq’s major dams that feed the irrigation system have receded sharply and
shockingly, as Iraq’s major reservoirs are now too shallow to operate (Dillen 2019). Due to
the water shortage, Iraq’s Ministry of Agriculture announced to the farmers in the river
basin that they would not have the ability to plant rice for the season of 2021 (Giovanis and
Ozdamar 2023).
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Figure 1. Tigris—Euphrates region (source: Google Maps).

The agricultural sector has huge social and economic impacts and plays a dominant
role in the national life of Turkey. It accounts for approximately 10% of exports, 47% of
civilian employment, and 20% of the gross domestic product (Aamir et al. 2021). Dams
have played a significant role in the growth of the Turkish economy, as they have provided
huge assistance in meeting the irrigation and power needs of the country. However, in 1995,
Turkey emerged as a major exporter of textile products to the EU markets, which sharply
increased domestic demand for cotton. This resulted in a rapid increase in the demand
for cotton in the domestic market, and the increasing cotton demand outpaced domestic
production; therefore, Turkey increased its cotton imports from around the world and
became a cotton importer, giving Turkey seniority in the Euphrates-Tigris river countries in
regards to the value of agricultural production, which increased by 90% in Turkey compared
to Iraq, which only increased by 1.4%, as shown in Figure 2. This can be explained by
the different wars that Iraq experienced in 1998, 2003, as well as the Syrian conflicts that
ultimately affected Iraq. (Al-Muqdadi 2019) reported that cotton production increased, and
in 2010, the share of Southeastern Anatolia was 60%, an increase of 52% from 1980. In 2013,
Turkey exported 25.8 billion tons of textiles, approximately 2 billion more than in 2012,
which is the reason for the increase in agricultural production in 2013.

Turkey has less freshwater available domestically, per person, than any other country
in the world (Dillen 2019), with an average of 112.5 billion m? of economically exploitable
freshwater annually, or 1519 m3 per person. While Iraq is facing water shortages owing
to decreasing annual flow, Turkey intends to enhance its water resources throughout the
nation, specifically through the GAP project, which is particularly important for producing
agricultural products and hydropower generation (Uzlu et al. 2014). Hydropower gener-
ation is another significant water use sector. Although Turkey has a gross hydropower
potential of 433 billion kWh/year, only 125 billion kWh/year can be used economically
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(Al-Idami and Faraj 2021). After the construction of new hydropower plants, 36% of the
country’s economic potential would be tapped. Electricity production reached 16.9 TWH in
2013, accounting for 28.5% of the total hydroelectric power. In 2004, it reached 22.4 TWH,
accounting for 14.9% of total Turkish electricity production, which decreased by 11.8%.
Therefore, an increase in the usage of water in irrigation systems was not effective in
producing electricity (Uzlu et al. 2014), as shown in Figure 3.
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Figure 2. The value of agriculture production in Iraq and Turkey (1992-2021). Source: the authors,
according to data from the Food and Agriculture Organization (FAO).
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Figure 3. Created by the authors, according to annual freshwater withdrawals (agriculture) in Turkey
(1992-2020). Source: World Bank data.

According to (Abd El Mooty et al. 2016), Iraq relies on the Tigris and Euphrates Rivers
as the main sources of freshwater. These two rivers originate from Turkey, and they account
for more than 90% of Iraq’s surface water. Turkey controls the total annual flow of rivers,
with 65.7 BCM from a total of 80 to 84.2 BCM of annual flow (Al-Bayaa and Mashhad 2023).
Iraq’s fresh water supply has decreased as a result of the dams built by both Turkey and
Syria, which have a storage capacity of 14.1 BCM, and 138 BCM of water, respectively. In
addition, the agricultural watering method in Iraq involves flooding the land, which has
low efficiency and causes other losses of water.

The decrease in water availability has a negative impact on the agricultural sector,
which accounts for 60-80% of the total water consumption, particularly in southern Iraq,
where farmers rely on fresh river water for irrigation (Al-Bayaa and Mashhad 2023). How-
ever, inefficient irrigation practices, including furrow irrigation and flooding, contribute to
high evaporation, runoff, and waste (Al-Muqdadi 2019). Advanced systems, such as drips
systems and sprinklers, can reduce water waste, but their high cost and financing make
adoption difficult. Furthermore, heavy pollution and byproducts of industrial, agricultural,
and human activities along the border and domestic waterways have harmed Iraq’s agri-
cultural sector. Waterways are also contaminated because of the discharge of untreated
wastewater and agricultural runoff into rivers, resulting in an increase in the prevalence of
illnesses, including cancer, hepatitis, and cholera epidemics. Natural ecosystems have been
adversely affected by the depletion of water supplies, pollution, and increased salinization.
This has resulted in a loss of habitat, biodiversity, and agricultural livelihood in high-value
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cultural areas, such as Iraq’s southern marshes. This study aims to demonstrate the effect
of water scarcity on food security in the Euphrates-Tigris river and its effect on agricultural
output.

Therefore, this paper will be divided into three main parts, with the first being the
theoretical handling of the literature background. The methodology is discussed in the
second part, and the results are explained in the third part. Finally, the final section
comprises the Conclusion and References.

2. Literature Review

The theoretical background is made up of the connections and definitions of the topics,
as they connect theories with real-life practices. The literature review consists of two parts:
both theoretical and empirical.

2.1. Theoretical Literature
2.1.1. Malin Falkenmark Theory

Water accessibility is a prerequisite to habitability. The water cycle provides a na-
tion or region with both visible and invisible water resources. The amount is governed
by the country’s physical location, which controls any exogenous supply imported by
international rivers or aquifers from upstream nations in the same river basin, as well as
the endogenous supply from rainfall across the territory. Consequently, there is a limited
amount of renewable fresh water. However, this can vary significantly from year to year
owing to variations in the climate. (Falkenmark et al. 1989) found that the four modes of
water scarcity tend to be superimposed on each other. The first two are natural and are
related to the hydroclimate. First, aridity represents a lack of moisture or precipitation,
which significantly affects plant growth and agricultural productivity. Second, intermittent
droughts refer to periods of limited rainfall or water scarcity that occur sporadically within
a region or over a specific period, which can lead to recurrent drought years, increasing
the risk of crop failure (Metwally et al. 2024). These periods can have severe impacts on
agricultural productivity and food security. The remaining two factors are the result of
human activity. Third, landscape desiccation is referred to as a “man-made drought” and
is caused by soil deterioration that decreases local water accessibility. Fourth, water stress
refers to the excessive number of people per unit of water accessible from the water cycle.

2.1.2. Marxist Theories

Marxist theories emphasize that conflicts regarding the ownership of natural resources
arise between specific groups, and each group has more or less control over natural re-
sources, such as water, and has the same interest in this resource (Sandler 1994). Scarcity
can cause conflicts due to its social and negative effects, such as when freshwater and
agricultural land become exhausted, which results in conflicts regarding resource shares
between these groups. The Marx theory of economic development and natural resources
emphasizes that the scarcity of natural resources is very dangerous for economic devel-
opment. Moreover, (Zhu and Zhu 2018) have been pointed out that the utilization of
natural resources in agriculture is very important from its earliest stages, and that labor
productivity is connected to the quality of natural resources. Consequently, the scale of
agricultural production is highly dependent on natural conditions.

2.1.3. Malthusian Theory

One of the most important theories is the Malthusian theory, which explains that
war, famine, and diseases are a result of human overconsumption of natural resources
that exceed the available amount, in addition to population growth (Ashraf and Oded
2008). Supply-induced scarcity theory complements Malthusian theory, which is the result
of the degradation of environmental resources. As the amount of any natural resource
declines owing to environmental degradation, the amount available to each person also
decreases. Iraq faces water insecurity due to Turkish water imperialism, political and
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socioeconomic conflicts, and a decrease in water discharge from the Euphrates and Tigris
rivers. Moreover (Ewaid et al. 2021) stated that the Iraqi government faces great fear due to
the outcomes of restricted water flow from upstream riparian areas, with enormous effects
mainly on the country’s agricultural production and its dealings with food security due
to drought. Among the ongoing Middle East crises, Turkey is allegedly manipulating the
present regional instability to further its agenda in the crisis-ridden Middle East, especially
by continuing in its ambitious plans to become a regional “water superpower” that may
give it the main and primary control over the region’s waters (Glass 2017). Turkey has also
exploited the weak situation in Iraq and made the most of its geographical position.

First, the main aim of these projects was to prevent floods and maintain and control
river flows, as population growth has caused high water needs. However, it rapidly turned
into a plan for hydropower generation, giving Turkey the ability to limit its dependency
on oil for energy (Giovanis and Ozdamar 2023). Ankara recently began filling the Ilisu
Dam, the largest dam in the network. As a result, attention has been focused on Turkey’s
actions, and tension has been inflamed with neighboring countries. It is estimated that
Turkey’s various dam and hydropower construction projects have reduced Iraq’s water
supply along the two rivers by 80% since 1975, with the Ilisu Dam reducing the Tigris
waters in Iraq by an additional 56% (Asaad 2023). For Iraq, the dam is likely to put greater
pressure on agriculture and natural habitats, increasing desertification in regions as far
away as Iraq’s southern marshes.

2.2. Empirical Literature

In studying the effects of water scarcity on agricultural productivity, most studies use
the terms water scarcity and water stress as synonyms. Water stress is used to measure the
number of water withdrawals compared to the availability of water, whereas water scarcity
refers to the pressure on water resources (Damkjaer and Taylor 2017; Doeffinger and Hall
2020; Ohlsson 2000). Although there are many metrics used to study water stress, some
indicators were missed owing to the use of non-renewable water, the lack of environmental
flows, and alternatives to water (Wada and Bierkens 2014).

The nexus between water security and GDP was studied in the context of economic
growth and agricultural value added in Gambia from 1970 to 2017 (Ceesay et al. 2021).
After conducting an autoregressive distributed lag model (ARDL) in the short run and
long run, along with Granger causality, a negative relationship was found between GDP
growth rates and agricultural production. Climate change also plays a vital role in studying
this relationship, as indicated by (Ahmed et al. 2023) using the average temperature, NOy,
methane gas emissions, CO, emissions, and food production from 1990 to 2019 in India
using the ARDL model. This study found a positive relationship between food production
and methane emissions, while the relationship between food production and other variables
was negative.

In a study conducted by (Saidmamatov et al. 2023), they found a positive relationship
between water, agricultural production, and GDP. This relationship was studied using the
fully modified ordinary least squares regression model (FMOLS) and ARDL from 1992 to
2020 in Central Asia. This positive relationship was also observed in Pakistan from 1975 to
2017 (Soharwardi et al. 2021). This study uses variables such as the food production index,
water availability, remittances, fertilizers, and the number of tractors, depending on the
ARDL method.

Doeffinger and Hall (2020) reported a statistically significant relationship between
freshwater withdrawal from internal resources and water productivity. The water produc-
tivity expression was used to refer to the number of yields that can be produced, which has
a positive relationship with GDP. Moreover, developing countries face greater water stress
than other developed countries. This study concludes that there is a negative relationship
between water stress and productivity, depending on variables such as population, political
stability, and agricultural lands, using OLS regression and its fixed and random effects.
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By examining the relationship between water scarcity and food security (Mperejeku-
mana et al. 2023), we tested variables such as water withdrawals, the use of energy in
agricultural activities, planted area, the use of pesticides, the use of fertilizers, and annual
agricultural yield in Burundi. This study concluded that there is a positive impact of all
variables, including water withdrawals, on the agricultural yield per year, depending on
the ARDL and ARIMA tests. Finally, the application of the ARDL model to study this
relationship was conducted in 15 developing countries between 1993 and 2016, depending
on variables such as GDP per capita, water withdrawals, food production index, CO,
emissions, total population, renewable energy waste, financial aid, and foreign direct in-
vestment (FDI). (Hanif et al. 2019) concluded that all factors have a significant positive
relationship with the food production index, except CO;, and renewable wastes, which
have negative impacts.

Wang et al. (2020) studied the nexus between water stress, food production, energy
and CO; emissions, and GDP growth from 2004 to 2017 in 30 Chinese provinces. This
was analyzed using the GMM model. This study found a significant positive relationship
between the variables. (Ozturk 2015) studied this relationship in BRICS from 1980-2013,
depending on the food index, energy use, water productivity, CO, emissions, health
expenditure per capita, gross capital formation, and labor force participation rate. This was
performed using the GMM model, showing the positive relationship between water and
food production. A summary of the main empirical literature is shown in Table 1.

Table 1. Summary of the literature.

Literature Application Model g)((e}l):tcit)e:ship
(Ahmed et al. 2023) 1990-2019 in India ARDL -
(Doeffinger and Hall 2020) é?;}gizflggsir;%sountries over OLS (fixed & Random) -
(Mperejekumana et al. 2023) 1993-2016 Burundi ARDL-ARIMA +
(Ozturk 2015) 1980-2013 BRICS GMM +
(Wang et al. 2020) 2004-2017 in 30 provinces in China ~GMM +

Therefore, this study examines the nexus between water, energy, and food in the
Euphrates—Tigris river, as no previous literature has economically evaluated the nexus
in that area. Therefore, the ARDL statistical method is useful for testing the following
hypotheses:

HO. There is no relationship between water scarcity and food security.
H1. Water scarcity affects food security positively.
H2. The increase in the rate of urbanization will have a positive relationship with food security.

H3. The increase in GDP per capita will increase food security.

3. Methodology

This study aimed to investigate the main aspects affecting the relationship between
food security and water scarcity in the Euphrates-Tigris river. This will be done by using
macroeconomic variables such as GDP per capita growth (GDP), freshwater withdrawals
(WATER), total population (POP), planted land (LAND), and agriculture production (AGR).
These data were obtained from the World Bank, except for the values for agricultural
production, obtained from the FAO from 1992 to 2020, as explained in Table 2. These
variables were logged because of the large distance between the maximum and minimum
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values of these data and the decrease in heterogeneity. These data were applied to the
Euphrates-Tigris river countries, with evidence from Iraq and Turkey only.

Table 2. List of variables.

Variable Symbol Unit  Definition Source
Gro.ss domestic product per CDP % The gross domestlc product divided by the World Bank
capita (growth rate) total population
Fresh water withdrawals Water % The' amount of water obtained by the World Bank
agricultural sector
Value of agricultural production AGR $ The sum of agrlcu%ture production whatever FAO
its kind; crops, fruits, or vegetables
Total population POP % Total population World Bank
Planted land in regards to total land LAND % Total amount of planted agricultural lands World Bank

Before testing the relationship between food security and water scarcity, it was impor-
tant to check the stationarity of the data. Thus, this will be done by running an augmented
Dickey—Fuller test (ADF) and Phillips—Perron test. These two tests will be useful in solving
the robustness and autocorrelation issues (Koondhar et al. 2021). Therefore, the proposed
model is expressed in Equation (1) as follows:

WATER = f(AGR, GDP, POP, LAND) 1)

The autoregressive distributed lag model (ARDL) is reliable because most of the
literature depends on its analysis, and it is efficient for use in long- and short-run tests
using panel data (Anderson and Hsiao 1982). One of the main advantages of the use of
ARDL is the unbiased long-run results in small samples (Zhou and Li 2022). The equation
applied is as follows:

ALogAGRt = a0 + ) _B1ALog water t + ) B2ALogGDPt + ) p3ALoglandt + ) _p4ALogpopt + ¢t

4. Results

The results of the descriptive data for the two countries (Iraq and Turkey) used by
the authors in examining the relationship between food security and water scarcity in the
Euphrates-Tigris Region are shown in Table 3. After logging the data to decrease the gap
between the maximum and minimum, the highest mean was found for land (35.81799)
compared to the lowest mean for GDP (4.215761).

Table 3. Summary of descriptive data.

AGR WATER GDP LAND POP
Mean 16.50515 4.424127 4.215761 35.81799 17.59087
Median 16.49841 4.426913 3.691211 35.78604 17.68570
Maximum 18.14346 4.516339 49.03164 53.56210 18.22927
Minimum 14.86283 4.283150 —38.56172 18.07423 16.69731
Std. Dev. 1.291629 0.053057 11.41301 15.57054 0.491350
Observations 58 58 58 58 58

Source: authors’ compilation.

The correlation matrix is estimated in Table 4 to show the significance at 1% of AGR
with POP, AGR with POP, and LAND with POP. This matrix shows a negative relationship
between the AGR and water, but this is insignificant. This does not reflect the fact that
there are other factors that affect it in the Euphrates-Tigris river region. Thus, more tests
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should be performed; a unit root test was conducted to test stationarity, and the results are
shown in Table 5.

Table 4. Correlation matrix.

Correlation AGR WATER GDP LAND POP
AGR 1.000000
WATER —0.175341 1.000000
GDP —0.114417 0.055942 1.000000
LAND 0.980232 *** —0.229640 * —0.103674 1.000000
POP 0.923699 *** —0.022379 —0.210826 0.910488 *** 1.000000

Source: authors” compilation; * significant at 1%; ** significant at 5%; *** significant at 10%.

The results of the unit root test show that the data are stationary at the 1st difference
(I1), whether using the PP or ADF test, as shown in Table 5. GDP is stationary at the level
(I0) and 1st difference (I1). This means that the data are more stationary in the long run
than in the short run.

Table 5. Unit root test results.

ADF PP
Variables
Level 1st Difference Level 1st Difference
AGR
None 1.359381 —6.771341 *** 1.239064 —6.808791 ***
Intercept —0.707011 —6.912605 *** —0.800432 —6.910657 ***
Intercept and trend —1.910261 —6.856515 *** —2.169996 —6.854374 ***
WATER
None —0.078612 —4.132244 *#** —0.079009 —8.874709 ***
Intercept —2.791689 * —4.093315 *** —2.641475 * —8.804276 ***
Intercept and trend —2.837755 —4.072185 ** —2.683552 —8.803629 ***
GDP
None —7.324519 *** —6.153025 *** —7.340477 *** —27.11373 ***
Intercept —8.062800 *** —6.224865 *** —8.427984 *** —29.51464 ***
Intercept and trend —8.156119 *** —6.506810 *** —8.706517 *** —36.30344 ***
LAND
None 0.422345 —7.350134 *** —2.064512 ** —7.350190 ***
Intercept —0.989429 —7.382757 *** —0.989429 —7.382780 ***
Intercept and trend —1.833363 —7.314182 *** —1.877115 —7.314216 ***
POP
None 5.447589 —4.982327 *** 5.299877 —5.161148 ***
Intercept —1.798575 —6.991655 *** —1.792188 —6.991192 ***
Intercept and trend —0.911975 —7.270856 *** —0.943827 —7.270987 ***

Source: authors” compilation; * significant at 1%; ** significant at 5%; *** significant at 10%.

A diagnostic test was performed to assess the functionality of the model. Table 6
shows the results of the diagnostic test to examine heteroscedasticity and correlation. The
results show the significance of the absence of serial correlation and heteroscedasticity
between the data.

Table 6. Diagnostic tests.

Test t-Statistic Result
Breusch-Godirey serial 84.33489 ¥+ No serial correlation
correlation LM
Ramsey test 4.113254 *** Correct function
Breusch-Pagan—Godfrey test 5.011080 *** No heteroskedasticity

Source: authors” compilation; * significant at 1%; ** significant at 5%; *** significant at 10%.
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CUSUM and CUSUM squared tests were also used to investigate the stability of the
model in Figures 4 and 5. These two tests showed the significance of the variables, which is
significant below 5%.

1.4
1.2
1.0
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0.6
0.4
02
0.0

0.2
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15 20 25 30 35 40 45 50 55

——— CUSUM of Squares 5% Significance

Figure 4. CUSUM squared test results.
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Figure 5. CUSUM test results.

Before running the ARDL test, a VAR model is used to estimate the optimal lag that
the model will use. This model uses AGR as a dependent variable, whereas the other
variables are independent variables. The lag length results are displayed in Table 7, which
shows that all the optimal lag length criteria were accepted until the fifth lag (0, 1, 2, 3,
4, and 5). According to Schwarz (5C) and Hannan—Quinn (HQ) information criteria, the
optimal lag is accepted at lag 1, whereas it is accepted for sequential modified LR (LR),
final prediction error (FPE), and Akaike (AIC) test statistics at lag 5. Thus, lag 5 will be
used at the AIC, which will be reliable when using the ARDL model.

Then, the ARDL test is run in Table 8, beginning with the results of the ARDL bounds
and the results of the ARDL test itself. The coefficient is greater than the values of the
bounds test at I(0) and I(1), which indicates the fitness of the ARDL model. ARDL was then
conducted over the short and long run. In the short run, WATER and LAND at the 10%
level were significant at the 1% level, except for GDP at the 5% level. Compared to the long
run, the relationship was not significant for all variables, as WATER, POP, GDP, and LAND
were significant at the 5% or 1% level.
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Table 7. Lag length criteria.

Lag LogL LR FPE AIC SC HQ
0 —299.9753 NA 0.068504 11.50850 11.69438 11.57998
1 27.46961 580.7513 7.61 x 1077 0.095487 1.210746 * 0.524362 *
2 50.05293 35.79245 8.55 x 1077 0.186682 2231324 0.972953
3 79.90079 41.67437 7.61 x 1077 0.003744 2.977769 1.147410
4 106.0894 31.62392 8.31 x 1077 —0.041108 3.862301 1.459955
5 146.2183 40.88608 * 592 x 1077 * —0.612011 * 4.220781 1.246448
Source: authors’ compilation; * significant at 1%.
Table 8. ARDL results.
Panel I: ARDL bounds
F-statistic Level of significance Bound test critical values
1(0) I(1)
10% 3.03 4.06
5.164196 5% 3.47 4.57
2.5% 3.89 5.07
1% 44 5.72
Panel II: ARDL results
short run Coefficient Long run t-statistic
AGR(-1) 0.953055 *** AGR(-1)* —0.046945
GDP 0.002125 WATER —1.297425 **
GDP(-1) 0.002288 ** GDP(—-1) 0.004413 *
WATER —1.297425 *** LAND(-1) —0.003734
POP 0.277114 POP 0.277114 **
LAND 0.055072 *** D(GDP) 0.002125
LAND(-1) —0.064499 *** D(LAND) 0.055072 ***
LAND(-2) 0.005693 D(LAND(-1)) —0.005693
C 1.775286 C 1.775286

Source: author’ compilation; * significant at 1%; ** significant at 5%; *** significant at 10%.

Tab

Moreover, the effects of causal cointegration were evaluated for the region as a whole
and for each country separately, depending on the Granger causality test, as shown in
Table 9. These findings show that the relationship between food security and water scarcity
is correlated in each country, but not in the whole region, as it can be expressed by the
abundance of planted lands in Iraq and the dams that were established in Turkey.

le 9. Granger causality results.

F-Statistic

Null Hypothesis F-Statistic (Iraq) F-Statistic (Turkey)
WATER does not Granger Cause AGR 0.90762 1.67489 1.11091
AGR does not Granger Cause WATER 1.37674 5.19937 ** 4.06070 **
GDP does not Granger Cause AGR 0.79083 0.16823 0.24246
AGR does not Granger Cause GDP 0.67793 3.03053 * 0.27178
LAND does not Granger Cause AGR 1.64139 2.74314 * 0.83844
AGR does not Granger Cause LAND 0.95671 0.51805 1.83964
POP does not Granger Cause AGR 4.18893 ** 0.20775 2.96132 *
AGR does not Granger Cause POP 2.32595 * 0.22651 227115
GDP does not Granger Cause WATER 0.11011 0.09452 1.48315
WATER does not Granger Cause GDP 0.51314 0.33689 1.60061
LAND does not Granger Cause WATER 0.68419 3.03756 * 2.00947
WATER does not Granger Cause LAND 1.35656 2.84103 * 1.28914
POP does not Granger Cause WATER 0.49777 0.04711 2.96982 *
WATER does not Granger Cause POP 0.30713 1.29988 0.23293
LAND does not Granger Cause GDP 0.07909 0.37754 0.09587
GDP does not Granger Cause LAND 1.65306 0.22632 0.02659
POP does not Granger Cause GDP 0.43081 0.87105 0.84535
GDP does not Granger Cause POP 1.29729 0.70634 0.88166
POP does not Granger Cause LAND 2.13183 21.5074 *** 1.38282
LAND does not Granger Cause POP 2.39560 0.87243 5.08094 **

Source: authors” compilation; * significant at 1%; ** significant at 5%; *** significant at 10%.
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5. Discussion

This study is the first to address the relationship between water scarcity and food
security in the Euphrates-Tigris river region. This evaluation achieved by applying only
two out of the three countries in that region because of a lack of data for Syria. In addition
to a limited number of empirical studies, this relationship has been studied worldwide.
Thus, the study depends on the autoregressive distributed lag model (ARDL) that has been
employed in different studies using the data offered for Iraq and Turkey by the FAO and
the World Bank from 1992 to 2020.

The results estimated by the model, whether in the short or long run, were consistent
with the literature review conducted in Section 1, showing that the nexus between water
scarcity and food security is controlled by other factors (Ahmed et al. 2023; Doeffinger
and Hall 2020; Saidmamatov et al. 2023; Wang et al. 2020). As shown in the results of our
model, water scarcity is negatively significant, whether in the short or the long run, and
the relationship is fixed, as it resulted in the same coefficient in both runs, as concluded by
(Ahmed et al. 2023; Doeffinger and Hall 2020).

Therefore, this study aimed to examine the relationship between water scarcity and
food insecurity in the Euphrates—Tigris river countries from 1993 to 2020. Unfortunately, the
study was limited to only two out of the three countries because of the lack of transparency
of data for Syria. This study concludes that there is a clear negative relationship between
water scarcity and food security, as the increase in demand for food puts a significant
burden on the use of water, which has led to huge demand for water. Second, there is a
significant positive relationship between the agricultural production value from one side
and GDP, population, and the amount of planted land from the other side. These results
were significant at the 1% level for the value of agricultural products, water, and planted
land in the short run, while in the long run, only land was significant at the 1% level.

In the short run, the independent variable, that is, the value of agricultural products,
was significant with D(land-2) and population and GDP per capita annual growth rate.
Although an increase in GDP by 1% caused an increase in the value of agricultural products
by 0.2%, a 1% increase in planted land caused a decrease in the value of agricultural
production by 6.4%. This was clarified by (Mperejekumana et al. 2023), who determined
that the negative relationship was due to the increase in pesticides and insecticides.

In the long run, the value of agricultural production is significant at the 1% level
for planted land, at the 5% level for water and population, and at the 10% level for GDP
per capita growth rate. There is a positive relationship between the value of agricultural
production, GDP per capita growth rate, and planted land. If there is a 1% increase in the
value of agricultural production, the GDP per capita will increase by 0.4% and 0.5% for
planted land. The results are summarized in Table 10.

Table 10. Summary of results.

Hypotheses Results in Short Run Results in Long Run Accept or Refuse
HO. There is no relationship between Negative Negative
. . Lo L9 Refuse
water scarcity and food security. insignificant significant

H1. Water scarcity affects the food

security positively. Negative Negative Accept

H2. The increase in the rate of
urbanization will have a positive Positive insignificant Positive significant
relationship with food security.

Partially accepted, only in the
long run

H3. The increase in GDP per capita will

increase food security. Positive significant Positive significant Accept

H4. The increase in planted land will
increase food security.

Partially accepted, only in the

negative significant positive significant long run
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6. Conclusions

Ultimately, the water resources between countries have always been a source of conflict
and negotiation. As the condition of the Euphrates-Tigris river system has increased water
scarcity and insecurity, determining a water management plan between Turkey, Iraq,
and Syria has remained a source of tension. The water insecurity caused by huge water
development projects, specifically those initiated by Turkey, have impacted the agricultural
sector in Iraq by a huge percentage. There are currently no official agreements to support
and obtain fairly shared water resources among these countries, which could lead to
progressively increasing fragility in terms of water resources, especially in Iraq. In addition,
it was concluded that water shortages in the basin would enhance and support Turkey’s
economic and political control and leverage over Iraq. In conclusion, this study discusses
the effects of GDP, population growth, PHDI, and annual freshwater withdrawals on the
agricultural resources of both Turkey and Iraq.

This study showed the effect of water development projects on decreasing the flow
of water for downstream countries, as well as the increase in Turkey’s production and
the initiation of irrigation and hydroelectricity projects. The results also showed that
there is a significant positive relationship between the agriculture production (dependent
variable) and the annual freshwater withdrawals (independent variable), so we rejected
HO. Therefore there are some policy implications that should be adopted, as follows:

First, there is a need for research and development (R&D) to help increase oppor-
tunities for food consumption and decrease the amount of water required. In addition,
this implies the need for more investments to connect the knowledge that individuals can
acquire and the information available to them.

Second, there is a need for an increase in the usage of sewage water reuse after
purifying, besides desalination, that will positively accept the use of water for activities
other than food production.

Third, the countries in the Euphrates-Tigris river depend heavily on the public sector;
thus, public—private partnerships should be introduced and developed in the fields of
irrigation, energy, and food.

Fourth, more attention should be paid to individuals and human capital, as the
Euphrates-Tigris river countries are characterized by a high population rate. Therefore, the
development of educational systems and training, besides providing awareness campaigns
regarding the importance of water, would be beneficial.

Fifth, to increase efficiency in the use of water, taxes and decreased subsidies should
be imposed on those who are irrational in the usage of water.

Sixth and finally, as water is characterized by its inelastic supply, with no available
substitutes (Markantonis et al. 2019), harsh legislation should be instituted against those
who rationalize the use of water, in addition to imposing high penalties on them.

For further studies on the water—food nexus in Euphrates-Tigris river countries,
greater attention should be focused on the area as a whole, including Syria, which appears
to be an obstacle due to a lack of data for this country.
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Abbreviations

ADF augmented Dickey—Fuller test

ARDL autoregressive distributed lag

CUSUM  cumulative sum of recursive residuals

FMOLS  fully modified ordinary least squares regression

GDP gross domestic product
PP Pearson—Perron unit root test
VAR vector autoregression
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