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ORIGINAL ARTICLE

Understanding demographic and economic patterns in sparsely
populated areas – a global typology approach
David Karacsonyia,b and Andrew Taylora

aCharles Darwin University, Darwin, Australia; bGeographical Institute Research Centre for Astronomy and Earth
Sciences Hungarian Academy of Sciences, Budapest, Hungary

ABSTRACT
Sparsely Populated Areas are perceived as regions with the least human
impact but the greatest potential for change. For some decades, the
human geography of sparsely populated areas has attracted studies
seeking to explain and differentiate their economic and demographic
polarization in comparison to respective national averages. Evaluation
of the economic, demographic and social progression of these sparsely
populated areas is however obfuscated by the absence of globally
agreed definitions on the qualifying criteria and, concurrently,
inconsistent nomenclature to identify such regions internationally.
Therefore, the aim of this study is to demonstrate the capacity for a
globally consistent typology to identify the economic and demographic
patterns in common, but within very different environmental
constraints and institutional frameworks. To do so we focus on first-tier
subnational geographical units with extremely low population densities
and apply multivariable typology to understand and differentiate the
key demographic and economic issues for sparsely populated areas.
Using multivariable typology we identify three types of demographic
and economic patterns as ‘marginal’, ‘semi’ and ‘very remote’ sparsely
populated areas. The results emphasize the diversity of circumstances
among these areas as a result of their past economic and demographic
trajectories, but also as functions of institutional and political constraints.
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1. Introduction

The human geography of sparsely populated areas (herein SPAs) has attracted studies seeking to
explain and differentiate their economic and demographic polarization in comparison to respective
national averages (for example, Carson 2011; Dyrting, Taylor, and Shalley 2020). From a policy per-
spective, many of such areas have been viewed as lagging or problematic, as evidenced by the seem-
ing intractability in their capacity to deliver high standards of living to residents and meet perceived
opportunities to contribute to national wealth (Huskey and Morehouse 1992).

Despite the accumulation of such studies, evaluation of the economic, demographic, environ-
mental and social progression of regions considered as ‘remote’, ‘frontier’, ‘sparsely populated’
and ‘edge’ is obfuscated by the absence of globally agreed definitions on the qualifying criteria
and, concurrently, inconsistent nomenclature to identify such regions internationally (for example,
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Pugh and Dubois 2021; Le Tourneau 2020; Huskey 2006; Karácsonyi and Taylor 2022). Past studies
have highlighted there are inconsistencies in the naming and application of definitional terms
applied in social science research on SPAs. For example, Carson et al. (2011) noted the terms
‘rural’, ‘peripheral’, ‘remote’ and ‘sparse’ are often used interchangeably, while there is an emerging
scientific consensus that SPAs are a distinct geographical space with features distinguishing them
from urban and rural areas (see Carson et al. 2011; Carson and Carson 2014; Taylor et al. 2016;
Le Tourneau 2020; Karácsonyi and Taylor 2022).

Nevertheless, SPAs continue to be targets for specific economic development and population
growth policies. In Australia, for example, a national multi-year investment policy is in place.
TheOur North, Our Future: White Paper on Developing Northern Australia (see Australian Govern-
ment 2015) policy aims to trigger large leaps forward in infrastructure, investment and population
growth for the northern half of the continent. The north of Australia includes some of the most
sparsely populated areas globally, but also relatively large cities such as Townsville (population:
180,000), Cairns (150,000) and Darwin (130,000; ABS 2021). This active Australian policy example
highlights that SPAs are not conveniently definable, or at least their constitution is contestable; lack-
ing precise and policy-orientated methods for their delimitation (Huskey 2006). In line with this,
recent work by Le Tourneau (2020) emphasized that SPAs are typically labelled with terms and
development concepts that are country-specific such as the ubiquitous term ‘outback’ for Australia,
‘rural’ in Canada and ‘sertão’ in Brazil. Universality in the definition of SPAs does, however, exist
within the European Nordic countries (Glorensen et al. 2005; Dubois and Roto 2012, etc.), the
European Union (Schürmann and Talaat 2000) and the OECD (Dijkstra and Poelman 2008, etc.).

Despite these ambiguities and definitional issues for research on SPAs, ongoing expansions in
the availability and quality of data on a global basis does permit important cross-comparative
research. Accordingly, the aim of this study is to demonstrate the capacity for a globally consistent
definition of SPAs to be applied to the analysis of common economic and demographic patterns
they face, even though their institutional frameworks and environmental constraints are very differ-
ent. We focus on first-tier subnational geographical units with extremely low population densities.
While variations in the size and zoning of these first-tier subnational jurisdictions are ‘part of the
problem’, as constructs of prevailing national and regional social, cultural and political frameworks
(see Dubois and Roto 2012; Huskey 2006; Väätänen 2019), the methods engaged here demonstrate
them as fit-for-purpose in the primary aim in this study, which is to provide a quantitative approach
to systematically understand common demographic and economic patterns across diverse SPAs
globally.

While there have been many studies which have tested and discussed alternative remoteness and
sparsity measures, as well as quantitative regional typologies (see Stepanova et al. 2020), our focus is
on identifying common demographic and economic patterns for the extremely low population den-
sities observed in SPAs. The purpose of this paper is motivated by the observations of Carson and
his co-authors (see Carson et al. 2011; Carson and Carson 2014) that, although SPAs encompass
demographically, economically and environmentally diverse regions, there are commonalities
associated with their distances from the cores of political influence, economic activity and popu-
lation growth, and SPAs are themselves adversely and fundamentally challenged by their low popu-
lation densities (Carson et al. 2011; Taylor et al. 2016). These and other economic and geographic
studies on remote regions (for example, Le Tourneau 2020) highlight that policy shortcomings for
SPAs are sometimes a function of inchoate attention to internal diversities in the characteristics
(economic, demographic), institutional actors and historic influences shaping development trajec-
tories for SPAs (Taylor et al. 2011).

To enact our global study, we determine a population density threshold for around 1,500 sub-
national units using GlobalDataLab’s Subnational HDI database (accessed at globaldatalab.org). By
applying this threshold for SPAs we delimit first-tier subnational units, subjects for further multi-
variable analysis. Prior to this, we summarize and review definitional and typological concepts
associated with SPAs from a broad stock of literature to help explain our qualification method as
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‘SPAs’ or ‘other’. Subsequently we apply GIS mapping and quantitative multivariable typology, fac-
tor and cluster analysis to understand and differentiate the key demographic and economic patterns
for the selected jurisdictions with extremely low population densities. Lastly, we undertake litera-
ture-based analytical discussion to highlight the contribution of this work to understanding demo-
graphic and economic patterns for SPAs.

2. Addressing definitional and typological challenges for sparsely populated areas

As with the term ‘rural’, there are empirical and epistemological limitations in defining SPAs as a
distinct type of region. Some of these challenges were summarized by Le Tourneau (2020), who dis-
tinguished four criteria by which SPAs can be defined, identified and distinguished from rural areas.
These were: low population density, remote location, isolation and socio-economic ‘otherness’
when compared to rural areas (see p. 75). He also provided a global typology framework for
SPAs based on the three dimensions of demographic, economic and ecological intensity. These sep-
arate dimensions highlight that SPAs are generally low density areas in terms of populations and
economic activities, where the ecological intensity (number of species, density of biomass, etc.)
ranges from very high, such as in the Amazon rainforest, to very low, as with the vast desert of
Sahara and the cold Arctic.

A further and major challenge in achieving global consistency in defining SPAs as distinct spaces
is that existing literature interprets sparse areas within developing and developed countries in fun-
damentally different ways. In the developing context, SPAs are understood as places of primitive
economic accumulation (Di Tella 1982; Barbier 2005), where abundant resource commodities
exist which are ‘ripe’ for exploitation (Barney 2009). Accordingly, SPAs in developing countries
are the ‘contested spaces’ of neo-colonial frontier conquests (Barbier 2005; Tsing 2005; Geiger
2008) including in many cases, a conquest of the original inhabitants of the lands in which resources
are located, such as for the Amazon Basin (see Cleary 1993; Geiger 2008) and the Southeast Asian
highlands (see Tsing 2005; Barney 2009; Rippa 2019). Nevertheless, the significance of indigenous
populations and their struggle for land rights (see Peluso and Lund 2011; Rasmussen and Lund
2017) is also emphasized in the context of developed countries (see Kassam 2001; Howitt 2001;
Instone 1999; Howitt and Jackson 1998; Bohl-van den Boogaard, Carter, and Hollinsworth 2017;
Taylor, Tátrai, and Erőss 2018), which, according to Carson and Koster (2012) provides certain
grounds for comparisons.

In many respects, SPAs in developing countries are encapsulations of the frontiers described by
Innis (1936) and other post-Staples scholars (for example, Wellstead 2007; Hayter 2003) as areas
which should be exploited for their staple commodities. Conversely, in the western developed con-
text, literature and policies for SPAs often interprets and discusses them as problematic due to their
physical, economic and political limitations which impact their security, welfare and autonomy
(Huskey and Morehouse 1992). In this context, remote studies often focus on institutional con-
ditions (Huskey 2006; Carson and Koster 2012), the role of governments in the economy and
the relationships between central governments and the remote subnational units and their popu-
lations (Huskey and Morehouse 1992). Such studies primarily focus on barriers to development
and population growth, accessibility, technological constraints and improvements; as well as
changes to policy frameworks (Huskey 2006).

While natural resources have and continue to be significant for SPAs, over-dependence on
resources is widely discussed as a reason for poor growth performance in developing countries
where the most common natural resource is agricultural land (Barbier 2005), since land conversion
generates significantly less revenues compared to mineral extraction. However, development trajec-
tories based on mineral extraction are also well known to be subject to boom-and-bust cycles as a
result of fluctuations in global markets for the commodities at hand (for example, Barbier 2005;
Carson 2011; Taylor et al. 2011) or when the resource itself is depleted (Hutton 2007). This
makes resource-dependent SPAs vulnerable economically and socially (Productivity Commission
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2017). These cycles are created by fluctuating world market prices which cannot consistently cover
the tremendous costs of production and transportation from SPAs to markets while, in the longer
term, SPA settlements and economies reliant on reserves of these resource deposits are finite (Hus-
key and Morehouse 1992).

A further challenge to understanding SPAs is the focus on the perceived uniqueness of these
areas within certain countries or continents (see Väätänen 2019 on the ‘perceived reality’ of the Arc-
tic), instead of emphasizing their common characteristics (Dubois and Roto 2012). Diversity in
definitions for SPAs are largely a function of county-specific terms and concepts used to define
them. To illustrate this, in Table 1 we provide examples of a range of national and regional
definitions. These can be grouped under the themes of population potential, population density,
accessibility and combinations of these. The word ‘potential’ in the former refers to the number
of people present within certain radiuses, providing a spatially moving average density (see Brezzi,
Dijkstra, and Ruiz 2011; Dijkstra and Poelman 2008), a continuous measure in contrast to popu-
lation density which reflects averages for discrete areas (geographical jurisdictions), thus bypassing
the problem of administrative unit sizes and zoning differences (Carson and Koch 2013). Mean-
while, the density-based definitions emphasize there is a positive association between population
density thresholds for SPAs and the average national population density. For example, according
to Stepanova et al. (2020), SPAs in Russia are those jurisdictions having a population density
below one-third of the country’s average and designated as SPA by government decree. Further-
more, the US Census Bureau, which was the first to provide a universal definition, updated the mov-
ing boundary of SPAs forming the frontier line of settlement every ten years between 1790 and
1890. This reflected the political nature of the conquest of sparse areas (‘the frontier’) which was
the main national policy goal at that time (Wakefield 2012). Since then, higher thresholds have
been applied for defining SPAs in the USA because of the increased average national population
density (see Wakefield 2012; Wilger 2016). This illustrates the liminal nature of these spaces and
the strong political motives and contestations around them (Karácsonyi and Taylor 2022).

The discussion to date highlights issues of definition, scale and zoning (see Carson and Koch
2013) in relation to SPAs. This context emphasizes that cross-comparative international research
on SPAs is challenging due to varying definitions, methods for qualification as an SPA, and from
the legacies of institutional and political frameworks as a result of the roles of SPAs in nationalistic
and geopolitical policies (Taylor 2016). In this sense, the size and zoning variations of these juris-
dictions are ‘part of the problem’ which is the product of nation – and region-specific historical pro-
cesses. SPAs are ‘constructed’ and ‘institutionalised’ by the prevailing social, cultural and political
frameworks (see Huskey 2006; Dubois and Roto 2012) to be subsequently ‘enacted’ by discourses
(see Fitjar 2013; Väätänen 2019). Existing frameworks for and discourses about SPAs stem from
the conceptualization of regions where ‘region’ because a body of literature posits regions of all
types as non-predetermined and non-static constructs (see Murphy 1991; Paasi 1991, 2002). One
way of overcoming this challenge is to narrow the focus to an investigation of jurisdictions with
extremely low population densities. This approach standardizes the definition to facilitate analysis
of economic and demographic patterns under very different environmental, political and insti-
tutional frameworks. We can consequently hone-in on delivering SPA-associated common econ-
omic and demographic patterns for better understanding extreme population sparsity and the
associated demographic and economic patterns. In the next section, we explain the sources of
data and methods related to that process.

3. Materials and methods

To determine the areas which qualify as an SPA we calculated population densities for 1,474 sub-
national geographic units using their most recent population numbers available at GlobalDataLab’s
subnational HDI database (Version 4.0) and their areal sizes computed using ArcGIS. GlobalData-
Lab is an open-access database which includes a broad range of subnational socio-economic
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development indices for jurisdictions of all countries of the world utilized in this study. We then
ranked population densities of subnational units on a logarithmic scale as shown in Figure 1. It
can be observed that the number of subnational units with densities between around 4 and 1,000
persons/km2 grows exponentially, but below and above these values the changes in densities are
even more dramatic. From this we can identify outlying regions which are either extremely sparse
(the left-end of the logarithmic curve) or extremely dense (highly urbanized units at the right end of

Table 1. Examples for national or regional definitions for sparseness and remoteness (Source: Authors’ own compilation).

General method
Source, organization or

name
Country or
region Definition

Population density US Census Bureau (2012),
Frontier line

USA 0.8 persons/km2 (2 persons/mi2) Frontier line

Wakefield (2012) United States <3.6 persons/km2 (6 persons/mi2) – frontier area (as
existing definition)

Wilger (2016) United States <7 persons/km2 (11 persons/mi2) Frontier area
(Medical Study Service Area)

Enequist (1960) Sweden <1 person/km2 non-oecumene
Glorensen et al. (2005) European

Union
<12.5 persons/km2 sparsely populated (NUTS 3)
<8 persons/km2 sparsely populated (NUTS 2)

OECD (2017) European
Nordic
countries

<5 persons/km2 at OECD Territorial level 3 (TL3) –
Northern Sparsely Populated Area

Ioffe, Nefedova, and
Zaslavsky (2004)

European part
of Russia

<10 persons/km2 sparsely settled <5 persons/km2

very sparsely settled
Stepanova et al. (2020) Russian

Federation
< ∼3 persons/km2 – All units are sparsely populated
which have a population density 3-times lower
than the country’s average

Holmes (1981) Australia <0.125 persons/km2 - 8 km2/resident person
threshold between settled areas and sparseland

Other densities Hugo et al. (1997) Australia 0.057 dwellings/km2

Stone (1962) Sweden Number of access routes. The discontinuous
settlement zone is categorized into: inner fringe,
middle fringe, outer fringe, outermost fringe.

Accessibility/potential RRAMA (1994), Rural,
Remote and
Metropolitan Areas

Australia Population size and distance from nearest service
centre (>5000 people)

ARIA (2001) Australia Accessibility and Remoteness Index of Australia
(ARIA): Distance from service centre with more
than 5 thousand urban population. Population
size is a proxy for available services.
Remote and very remote among 5 categories

ABS (2006), Remoteness
Structure

Australia It is an updated version of ARIA, hence called ARIA+
applied for ASGC 2001 (Australian Standard
Geographical Classification)

ABS (2016), Remoteness
Structure

Australia It is an updated version of ARIA, hence called ARIA+
applied for ASGS 2016 (Australian Statistical
Geographic Standard)

Alasia et al. (2017) Canada Index of remoteness: access to populations centres
and travel times (census subdivisions)

Schürmann and Talaat
(2000)

European
Union

Accessibility by different means to population, GDP,
jobs etc. at NUTS 3

Copus and Hopkins (2017) Scotland Based on different population sizes accessible
within 50 km and 30 mins travel time – Sparsely
populated area % than calculated at higher levels

Wakefield (2012) United States Frontier and Remote (FAR) system for designating
U.S. frontier areas, 4 levels, travel time distances
combined with sizes of accessible urban centres.

Accessibility/ potential
combined with
density

Brezzi, Dijkstra, and Ruiz
(2011)

OECD countries 1 h driving distance to the nearest city with 50
thousand people – combined with OECD urban-
rural classification based on population density

Dijkstra and Poelman
(2008)

European
Union

50 thousand inhabitants within 45 min driving
distance – combined with OECD urban-rural
classification based on population density
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the curve). Consequently, in defining units as sparsely populated we selected a cut-off density
threshold of 4 persons/km2 to reflect the significant drop-off in unit densities below this (Figure
1). This cut-off yields 195 first tier subnational units globally. As validation, jurisdictions below 4 per-
sons/km2 density incorporates areas considered as extremely sparse, such as Arctic zones and deserts.

The 195 SPAs as defined by our density threshold represent 36% of Earth’s total land area (53.7
million km2) but just 1% of the global population (74.8 million people) with an average population
density of 1.4 persons/km2 (Figure 2). Since their areal sizes span a broad range, we merged SPA
units if they were very small in area (below 5% of the largest jurisdiction, Republic of Sakha in Rus-
sia) and adjacent within one country to decrease areal size and population number heterogeneities,
and because some administrative units were already aggregated in the GlobalDataLab database.
This aggregation was also possible because our aim is not to provide a global typology for all sparse
first tier subnational administrative units as defined by the 4 persons/km2 density threshold, but to
understand common demographic and economic patterns associated with SPAs. As a result of this
aggregation process, the number of analysed units was reduced to from 195 to 91 and these are
shown in Figure 2.

To understand their characteristics and differentiate demographic and economic patterns in
SPAs, we sourced demographic and economic data for the selected 195 first-tier subnational
units. We calculated the weighted arithmetic means for ratios, densities and changes and applied
these to the 91 units if they were not already aggregated. Indicators were sourced from a range
of international organizations including the GlobalDataLab (Human Development Indices database
and the Area Database), the World Bank’s Subnational Population Database and others. The
sources for and specifications of indicators are listed in Table 2. We also calculated a range of
derived indicators using existing data such as population change. Distance and accessibility were
calculated using Google Maps and Google Earth. We used shapefiles provided by the Database
of Global Administrative Areas (GADM) and GlobalDataLab to map the results in ArcGIS.

Figure 1. First-tier subnational units ranked on a log scale by population density (Source: Authors’ calculations based on data by
GlobalDataLab.).
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We applied Principal Component Analysis (PCA) using the above indicators. Some of the indi-
cators were correlated and consequently we were able to significantly reduce the dimension while
retaining a large amount of the total variation of variables in the initial dataset. PCA is a multi-vari-
able method of dimension reduction to perform a linear decomposition of the initial variables into a
set of components ranked by their ability to explain the covariance within the variables in the initial
dataset. The resulting factors (components) represent composite and uncorrelated dimensions.
During the selection of variables from the initial dataset we aimed to exclude those indicators hav-
ing low communalities and those having high factor weights on more than one component, the for-
mer because they do not contribute to either components, the latter because they do not
differentiate. This was undertaken to extract the best-fit model with the lowest possible number
of composite dimensions which still has an explanatory strength greater than 1. An explanatory
strength of less than 1 means the factor explains less than even a single original variable and there-
fore has no value as a composite. It is also essential to choose not only a statistically sound, but
theoretically meaningful factor-structure to capture demographic and economic patterns for
SPAs such as those related to socio-economic performance (for example, HDI, GRP per capita),
intra-national disparities (like HDI compared to the national average) and remoteness (see Huskey
and Morehouse 1992; Carson 2011; Le Tourneau 2020).

We then used the factor scores from the PCA in a hierarchical cluster analysis based on Euclidean
distances (the length of a straight line joining two points) and the within-groups linkage method to
create clusters. These clusters articulate the main types of demographic and economic patterns charac-
teristic of extremely low population density areas. To better understand the meaning of the clusters we
applied cross-tabulations by calculating the weighted arithmetic means of all available indicators in the
initial dataset for each cluster where the population sizes of the 91 units served as weights.

4. Results

The PCA-based analysis for the 91 SPA units allowed us to factor the selected 11 standardized
measures of demographic and economic characteristics listed in Table 3 into two dominant

Figure 2. First-tier subnational (sparsely populated) jurisdictions below 4 persons/km2 density (Source: Calculation and carto-
graphic design by the authors. ArcGIS shapefile provided by GADM).
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composite factors. The first factor is weighted more on life expectancy, working age and young
populations, urbanization level, Human Development Index (HDI), per capita GRP and HDI com-
pared to the national average. The first factor explained 39.8% of the variance of the initial dataset
(Table 3). Based on factor loadings we interpreted the first dimension as the latent measure for
socio-economic performance. The second factor is weighted more on gender ratio and population
density compared to the national average, population density without the largest settlement and

Table 2. Indicators for first-tier subnational units in the survey (Source: authors’ own).

Indicator Dimension Source of raw data

Population, sparsity
and remoteness

Area 000 km2 GlobalDataLab

Population (latest census or latest available) 000 persons GlobalDataLab
Population density persons/km2 GlobalDataLab
Share of the largest settlement from
subdivision’s population

% Citypopulation.de and national
censuses

Distance to the nearest city with 100 thousand
people (road or air)

km Google Maps, Google Earth

Economy and
development

Per capita Gross Regional Product (GRP),
nominal price, 2017

000 USD GlobalDataLab, World Bank,
national statistical agencies

Per capita GRP compared to national per capita
GDP

% World Bank, national statistical
agencies

Human Development Index (HDI) (subdivision),
2017

Scores GlobalDataLab

Subdivision’s HDI compared to the national HDI Score points GlobalDataLab
Urbanization level (urban population/total
population)

% Citypopulation.de and national
censuses

Jurisdictional urbanization level to the national
average

Percentage
points

Citypopulation.de and national
censuses

Demography Annual average population growth (2010-2019,
with some variation of the period among
nations)

% GlobalDataLab, Citypopulation.de
and national censuses

Annual average population growth compared to
national average

Percentage
points

GlobalDataLab, Citypopulation.de
and national censuses

Age composition (Young 0-14, Working age 15-
64, Old 65+) (latest census or latest available)

% GlobalDataLab, Citypopulation.de
and national censuses

Age composition compared to the national
average

Percentage
points

GlobalDataLab, Citypopulation.de
and national censuses

Sex ratio (Number of males to 100 female) (latest
census or latest available)

Persons Citypopulation.de and national
censuses

Sex ration compared to the national average Persons Citypopulation.de and national
censuses

Life expectancy at birth (2017) Years GlobalDataLab
Life expectancy compared to the national
average (2017)

Years GlobalDataLab

Share of indigenous population (latest available) % National censuses

Table 3. The extracted principal components (Source: Authors’ own calculations).

Indicators Factor 1 Factor 2 Communalities

Life expectancy 0.749 0.035 0.562
Ratio of 15–64 aged population 0.831 −0.158 0.716
Ratio of 0–14 aged population −0.867 −0.023 0.752
Urbanization level 0.752 0.030 0.566
HDI 0.938 0.044 0.882
Per capita GRP 0.722 −0.216 0.568
Population density compared to the national average 0.175 0.807 0.682
Gender ratio compared to the national average 0.120 −0.549 0.316
Population density without the largest settlement −0.199 0.577 0.373
Size of the largest urban centre 0.337 0.631 0.512
HDI compared to the national average 0.453 0.009 0.205
% of variance explained 39.8 16.0 55.8
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the size of the largest settlement. The second factor accounted for 16% of the variance, such that the
combined variance explained by these two components was 55.8%. Based on factor loadings we
interpreted the second dimension as the latent measure for remoteness and otherness.

Factor scores for socio-economic performance (F1) represent demographic and wealth differences
between nations with SPAs based on the large factor loadings on per capita GRP, life expectancy
and particularly HDI. The choice of resource to be exploited, be it minerals or agricultural land,
is strongly influenced by these wealth differences through the varying income levels. As shown
on Figure 3, high (positive) scores for this factor are found mostly in areas where high income min-
eral extractive industries are prominent, such as in the Arctic, North America and Svalbard,
Yamalo-Nenets region in Russia and in inland areas of Australia. In contrast, low factor scores rep-
resent low income marginal areas, primarily in low income developing countries such as those in
Sub-Sahara Africa. Hence, F1 has also high factor loadings on the age composition measures which
also reflects the difference between developing and developed countries.

In Figure 4 we mapped factor scores for the remoteness and otherness (F2) which represent differ-
ences between SPAs and the respective national averages. Low (negative) scores indicate remote,
less accessible regions which are very dissimilar compared to the national averages and found
mostly in the Arctic, particularly in Alaska, Greenland, Northern and Eastern Russia, the Northern
Territory (NT) of Australia, Southern Chile and in Canada north of the 60° parallel. There are also
some local (relative) extremes, such as the Colombian and Venezuelan part of Amazonia. High
(positive) scores represent units closer to their national averages, with relatively higher population
densities and with significant urban centres within the unit.

Table 4 shows the 3-cluster solution from a hierarchic cluster analysis where the two factors by
PCA served as two independent dimensions. The three clusters are mapped and the cluster dendro-
gram showing the hierarchic relationship between clusters is presented in Figure 5. To further sup-
plement the interpretation of the three clusters we calculated, along the average factor values, the
averages of all the available indicators for each clusters, as seen on Table 4.

According to the average values listed in Table 4, Cluster 1 (C1) SPAs are relatively remote areas
with a moderate sized capital city and significant populations scattered across the space outside the

Figure 3. Scores of PC1 – Socio-economic performance factor (Source: Authors’ own calculations).
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capital. We have called thesemarginal SPAs. These regions have the poorest economic performance
among the three clusters and are even less wealthy than their national averages. These C1 SPAs are
the least urbanized but are also characterized by the fastest population growth compared to the two
other clusters and to their respective national averages. Based on these characteristics, C1 SPAs
resemble marginal SPAs with symptoms of social and economic disadvantage. SPAs of this cluster
are located typically in low income countries. Examples include Equatorial Africa, Papua New Gui-
nea, the Amazon rainforest and the Gran Chaco in South America (see Figure 5). Most of these
marginal areas are described by the literature as neo-colonial frontiers in developing countries
where the most important resource is agricultural land (see Barbier 2005; Geiger 2008). Population
increases in these SPAs are driven by high natural growth rates or, in some cases, by immigration
from overpopulated regions to these marginal frontier areas.

Cluster 2 (C2) represents relatively more populous SPAs characterized by the highest popu-
lation densities and large capital cities which have significant shares of the SPA’s total popu-
lation. C2 SPAs have a larger economy and a higher share of working age population and
the highest life expectancy and urbanization level compared to the other two clusters. We
call these semi-remote SPAs. They are less distinct from their national averages and relatively
less remote. Consequently, these C2 SPAs do not in general contribute to significant spatial
differentiation and polarization within their sovereign nations, which are sometimes sparsely
populated countries on average, such as Australia. In these C2 SPAs, while most of their
areas are extremely sparse, significant urban cores are to be found such as Perth (population
2.1 million, ABS 2021) in Western Australia, Manaus in the Brazilian Amazon and the major
industrial centre of Karaganda in Kazakhstan, or, sometimes a network of significant urban
centres such as the coastal cities of Queensland in Australia. Based on the literature, many of
these regions still face challenges associated with economic dependence on the resource sector
– sometimes also known as the ‘resource curse’ (see Sachs and Warner 2001). Examples include
Manaus’s 19th century’s rubber boom and many of the Queensland coastal cities, such as Glad-
stone and Townsville which rely on coal and ore mining and exports. These C2 SPAs represent
the edges of macro regions of classical European settler colonization with relatively moderate
climates. They have become significant staples regions and by that relatively more populated.

Figure 4. Scores the PC2 – Remoteness and otherness factor (Source: Authors’ own calculations).

10 D. KARACSONYI AND A. TAYLOR



These include North America south of the 60° parallel, Argentina and Australia. Kazakhstan,
Siberia and the Russian Far East were also subject to significant agricultural colonization and
industrialization during the Russian imperial and Soviet rule, while Mongolia served as a fron-
tier between the Russian and Chinese empires (Lattimore 1947). In Northern Scandinavia,
Sápmi, the land of the Sami people, was also targeted for colonization (see Ween and Lien
2012).

Cluster 3 (C3) represents SPAs facing the most extreme challenge of being very remote SPAs.
Their economies are dependent on external support and they are without major population centres
(on a global scale) but characterized by high levels of economic performance. These regions are very
distinct from their respective national averages as SPAs of real extremes. Based on their character-
istics they represent the classical ‘remote edges’ with their very distinct economic, demographic and
settlement features (see Carson et al. 2011; Taylor 2016) and include the Northern Territory of Aus-
tralia, Alaska and Greenland.

Table 4. Main characteristics of the three clusters and SPAs in general (Source: Authors’ own calculation).

Clusters

C1
Marginal
SPAs

C2
Semi-remote

SPAs

C3
Very remote

SPAs
SPAs on average (*total

values)

N (units) 39 36 16 91*
F1 average (Socio-economic performance) −0.97 0.59 0.84 0
F2 average (Remoteness and otherness) −0.05 0.73 −1.31 0
Share from total SPJ area (%) 25.6 42.6 31.8 100.0*
Share from total SPJ population (%) 27.7 67.2 5.1 100.0*
Population density (persons/km2) 1.4 2.1 0.2 1.4
Population density compared to national average
(%)

11.3 34.2 3.6 26.3

Size of the largest settlement (000 persons) 107.6 486.6 88.9 258.0
Share of the largest settlement from SPJ population
(%)

21.5 38.3 42.4 33.7

Distance to the nearest settlement with a pop. >100
000 people (km)

385.7 368.1 1138.4 497.0

GRP per capita (000 USD) 4.3 27.6 40.5 21.5
GRP per capita compared to the national GDP per
capita (%)

90.8 122.7 170.9 115.7

HDI (scores) 0.621 0.844 0.871 0.781
HDI compared to the national average (score points) −0.049 +0.002 +0.009 −0.012
Average annual population change, 2010–2019 (%) 2.0 1.0 0.3 1.2
Av. An. Population change compared to national
average (perc. Points)

+0.5 +0.3 −0.1 +0.3

Urbanization level (%) 49.2 76.6 71.6 68.5
Urbanization level compared to national average
(percentage points)

−10.4 −2.4 −7.6 −4.9

Share of 0–14 years population (%) 34.2 21.6 21.7 25.2
Share of 15–64 years population (%) 59.3 64.9 66.6 63.4
Share of 65-x years population (%) 6.5 13.4 11.8 11.4
Share of 0–14 years population compared to nat. av.
(perc. Points)

+3.1 +1.4 +3.2 +2.0

Share of 15–64 years population comp. to nat. av.
(perc. Points)

−3.1 −2.0 0.0 −2.2

Share of 65 + years d population compared to nat.
av. (perc. Points)

0.0 0.6 −3.2 +0.3

Gender ratio (males to 100 females, persons) 103 97 104 99
Gender ratio compared to national average
(persons)

+3 +2 +12 +3

Life expectancy at birth (years) 67.5 75.1 73.6 72.8
Life expectancy compared to national average
(years)

−1.5 −0.7 −2.2 −1.0

Share of indigenous population from SPJ population
(%)

39.9 5.7 28.9 16.5

Note: When calculating weighted arithmetic means of national averages we used the jurisdictional populations as weights
instead of the national populations.
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The two independent (uncorrelated) dimensions of ‘socio-economic performance’ and ‘remo-
teness-otherness’ factors are visualized in Figure 6 as two axes of a coordinate system where all
91 geographical units were located by their factor scores. The distance between units within the

Figure 5. Three main types (clusters) of socio-economic patterns associated with SPAs (Source: Authors’ own calculations).

Figure 6. Cluster plot demonstrating the analysed units within the two dimensional factor-space (Source: Authors’ own).
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two-dimensional ‘factor-space’ represent their (dis)similarities in terms of their characteristics.
The origin of the coordinate system is the average represented by the 91 units because the factor
scores are standardized measures, hence their average is 0. The larger the distance of the unit
from the origin the more outlying the SPA is such as the most outlying Queensland in Australia
is the least SPA-like unit. Queensland is characterized by densely populated coastal areas with
numerous relatively large urban centres such as Brisbane (population 2.5 million, ABS 2021).
On a 4-clusters solution Queensland would form a separate cluster instead of being member
of Cluster 2 (C2). Queensland is the most different, while the far northern Arctic jurisdictions
are the most similar to the Northern Territory of Australia, despite the significant climatic
differences. Furthermore, the Al Wusta governorate, where most of the country’s oil and gas
is mined, is the sparsest region of Oman without any significant settlement making it an
extreme outlier. Lastly, the Sahara regions of Chad are extremely marginal and military confl-
ict-prone areas.

In summary, the results have yielded two uncorrelated dimensions which characterize the spar-
sest first-tier subnational units globally. The first explains regional dynamism based on economic
and demographic performance and reflects the value of the extracted resource in the region,
such as difference between mineral resource and land conversion led economies. The second
dimension explains the magnitude of their remoteness and otherness: both physical remoteness
and demographic otherness when compared to respective national averages.

5. Discussion

This study aimed to fill gaps in global studies on SPAs by providing a comprehensive global-scale
quantitative analysis of the demographic and economic characteristics of first tier subnational jur-
isdictions with extremely low population densities. Principal component analysis and the sub-
sequent cluster analysis produced observable geo-spatial, demographic and economic clustering
along two axes (see Figures 5 and 6). These indicate the purposefulness of the data sources applied
to these analyses, the definitional cut-off (of less than 4 persons/km2) and the choice of methods. At
a meta-level, therefore, the study demonstrates that, in spite of there being a wide-range of defini-
tional approaches to SPAs, global comparative research is both worthwhile and revealing. Our
results demonstrate that heterogenic characteristics dominate the economic and demographic func-
tioning of SPAs; with these explained in part by their socio-economic dynamism and remoteness-
otherness, but by no means exclusively. It is possible to interpret the clusters in the light of histori-
cal, political and institutional factors which illustrates their impact on current circumstances such
as land conversion for marginal SPAs and staples trap for semi – and very remote SPAs; a theme
which is noted in the literature on demographic ‘path dependency’ or economic ‘lock-in’ for SPAs
(for example, Carson and Carson 2014).

While SPAs are represented as demographic and economic extremes within their respective
nations, when we examined the spatial, economic and demographic characteristics of populations
and settlement patterns within these we observe diverse outcomes. On average their population
densities are about four times less than their respective national densities, but this average includes
some outlier regions, such as the sparse desert area of the New Valley governorate of Egypt, which is
contrasted to the extremely dense Nile Valley. Furthermore, in Canada there are significant differ-
ences between SPAs located north and south of the 60° parallel with the latter ones closer to the
national average. By contrast, in nations which are sparsely populated overall, such as for Australia,
SPAs usually do not represent extreme intra-national disparities, and these regions are not regarded
as problem areas for their remoteness and sparsity at the first-tier subnational level. The most out-
lying regions are the members of our very remote (C3) SPA category. These regions count almost
for one-third of all SPAs in area but just 5.1% of the global SPA-population. Such regions are least
equipped to transition from resource dependency and the swings in population and economic
growth it brings (Productivity Commission 2017).
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Despite their image as sparsely populated and vast regions, SPAs may nevertheless be character-
ized by the large and increasing concentration of a significant proportion of population in the lar-
gest settlement. In this sense, there exists a growing spatial inequality within SPAs (Huskey and
Taylor 2016). Table 4 identifies that on average one third of the population in all of the SPAs in
this study live in the largest settlement. In some extreme cases, such as Boa Vista in the State of
Roraima (Brazil), Perth in Western Australia and Whitehorse in the Yukon Territory (Canada),
four out of five people live in the SPA’s capital. By contrast, marginal (C1) SPAs have a more dis-
persed population distribution which is a function of their economic profile focused on agricultural
activity (typically cattle or sheep grazing) is spatially more dispersed compared to mineral resource
exploitation (Barbier 2005; Taylor 2016).

It should be added, however, that SPAs in general show lower levels of urbanization compared to
their nation’s average, particularly for marginal (C1) and very remote (C3) SPAs in our analysis.
These averages hide large differences in urbanization between SPAs globally. For example, SPAs
in Russia have significantly higher urbanization levels when compared to those in North America
or the Arctic outside of Russia. This is because during the Soviet period of rule, administrations
placed a heavy focus on populating these regions for geo-political, economic and policy-related
reasons (see Carson et al. 2011; Treivish 2005; Stepanova et al. 2020; Gresina 2021 and others). Con-
sequently, several large urban centres such as Novy Urengoy, Norilsk, Magadan and Petropavlovsk-
Kamchatsky with more than 100 thousand residents are present in the very remote (C3) areas of
Russia.

Extending this, our study has re-enforced that spatial remoteness is a distinguishing feature of
SPAs where the average distance between the largest settlement of the SPA and the nearest city
with 100 thousand residents is around 500 km. This by far exceeds the definitional and qualifying
rules for SPAs in the context of the European Union, Scandinavia and the continental USA exclud-
ing Alaska (see Table 1). These distances are the largest, more than double the SPA average, for very
remote (C3) SPAs, signifying remoteness is a persuasive challenge for economic and demographic
progress in these regions. This extreme level of remoteness for C3 regions also sets them apart from
the two other SPA-groups established by our PCA analysis. It means that poor accessibility is not
simply one disadvantage among others but is the most significant obstacle to sustaining population
and economic growth for very remote SPAs. The interesting sub-text in policies such as Australia’s
Our North, Our Future is the inherent recognition that remoteness and sparsity are overwhelming
challenges, generating sub-optimal socio-economic and demographic conditions for residents, and
in particular Indigenous residents. One of its goals is to grow the population of northern Australia
by four-fold by 2060 to a population of between four and five million in order to ‘ … underwrite
substantial exports of planning, design, architecture and construction services to the Tropics’ (Aus-
tralian Government 2015, 3). At the time of writing, the population of the north was just 1.2 million
(author calculations from ABS 2021) and largest city in was Townsville at 180,000 residents (ABS
2021). This lofty and pro-growth approach seems to suggest that remoteness can be supplanted
through population growth, without qualifying notions of how or why; the unwritten ‘solution’
to the wicked problems SPAs is seemingly to make them less SPA-like.

In contrast to semi – (C2) and very remote (C3) SPAs, marginal (C1) SPAs, for example in Africa
(see Abiodun, Oluwasegun, and Adebola 2020) and in Amazonia (see Walker et al. 2009; Schmink
et al. 2019; Klingler and Mack 2020) are experiencing rapid population growth and settlement
expansion which exceeds their national averages. Even though rapid population growth and over-
grazing is present in these areas, the direct link between overpopulation and land degradation
(deforestation and desertification) is questioned in recent literature. That is, experts highlighted
the role of very uneven population distributions within these areas (see Little 1994) and the lack
of overlap between deforestation and population distribution, mainly because deforestation is dri-
ven by big corporations rather than by smallholders or the indigenous populations (see Tritsch and
Le Tourneau 2016; Hecht 2005). Furthermore, grazing is no longer the major livelihood for the
majority in these areas as a result of social changes (see Chanda et al. 2003; Thomas and Twyman
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2004). Still, marginal (C1) SPAs are experiencing the most dynamic population growth among SPAs
and are likely to be subject to shifts in land use patterns and become more densely populated over
time, eventually exceeding semi-remote SPAs (C2) and even the 4 persons/km2 threshold we deter-
mined for this study. Examples include SPAs in Equatorial Africa and in Amazonia. The total popu-
lation of SPAs is also growing in all three categories, while there are some SPAs which are declining
in absolute terms. These are mostly in Russia, however, Treivish (2005) highlighted that despite the
decline these Russian SPAs are still more densely populated than their counterparts in Canada or
Alaska. Furthermore, very remote (C3) SPAs have the slowest growth, lower than the category’s
national average, notably in the Northwest Territories (Canada), the Northern Territory (Australia)
and Alaska.

In terms of per capita GRP, the very remote (C3) cluster represents the wealthiest SPAs (see
Barbier 2005 on mineral resources), and these are most different to their national averages in
most of the indicators. It should be added, however, that these large differences are because the Rus-
sian regions in this cluster have comparably low per capita national GDP compared to particularly
high GRP per capita in hydrocarbon-rich regions (see Spies 2009; Eilmsteiner-Saxinger 2011). In
high income countries (we have defined here as >12 000 USD/per capita, 2017), however, the differ-
ence is not as significant, impacting on population attraction and retention for very remote (C3)
SPAs (Dyrting, Taylor, and Shalley 2020). These characteristics are also observable for the HDI
index (see Table 4). Greenland and Tibet are the most negatively outlying SPAs in terms of GRP
and HDI compared to the national averages of Denmark and China even though they are members
of two different clusters, very remote (C3) and marginal (C1) SPAs respectively. Life expectancy is
lower in SPAs compared to the respective national averages, particularly in very remote (C3) SPAs,
due to lower accessibility to medical services and the presence of socio-economically marginalized
indigenous populations (see, for example, Carson et al. 2011; Taylor 2016; Carson and Koster 2012).
Life expectancies in marginal (C1) SPAs, however, are relatively close to national averages because
they are in developing and poor nations.

SPAs on average have a slightly lower female majority compared to the national average. Never-
theless, gender composition depends on the stage of the demographic transition the nation or the
macro-region (continent) is in. High natural increase (the excess of births over deaths) and a higher
share of young cohorts delivers a higher male proportion in the population, such as in low income
countries where marginal (C1) SPAs are located. In contrast, aging societies have more females,
typically in high income countries where very remote (C3) SPAs are also located. Thus the male
dominance in C3 is particularly extreme.

Meanwhile, the ratio of working age population (15-64 years) compared to the national averages
is lower in SPAs, but there are large regional differences which depend on the economic opportu-
nities to be found in the region. In general, SPAs in high income countries and with significant min-
eral resource industries (mostly the very remote SPAs) are very attractive for work opportunities
and they have higher ratios of working age populations. However, very remote (C3) SPAs have a
much lower share of older population as a result of the out-migration of pre – and post-retirees
and the relatively high representation of young indigenous people in the population (Dyrting, Tay-
lor, and Shalley 2020).

Comparing and contrasting the mean values calculated for each cluster, the discussion of the
specific path-dependency of certain regions such as for the Russian Arctic or Sub-Sahara Africa
highlighted certain parallels with the existing literature. For instance, it helped to understand the
distinct urbanization, population and economic trajectories in the Russian Arctic compared to
northern SPAs of high-income nations, such as Canada and the USA, and the role of post-colonial
institutional frameworks for the marginal (C1) SPAs in developing nations that Tsing (2003, 2005)
described as the ‘sphere of friction’ and Barbier (2005) called the land conversion frontier.

Furthermore, very remote (C3) SPAs were found to be extremely different to the other two other
clusters as distinct remote ‘edges’ based on their fundamental ‘otherness’. These very remote SPAs
can be identified by population (labour force) scarcity (see Glorensen et al. 2009), in contrast to
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rural areas where lesser job and career opportunities generate constant rural to urban migration, or
where cheaper rural housing and environmental amenity can lead to counter-urbanization (see
Raagmaa 2003), attributes which are largely absent at very remote SPAs in particular (see Carson
2011).

In contrast, we called Cluster 2 semi-remote SPAs, because their economic and demographic
indicators are not too dissimilar to their national averages. These regions represent a combination
of significant urban cores and the adjoining rural areas along with extremely sparse areas. These
first-tier subnational jurisdictions along with some of the marginal SPAs of the Amazon region
resemble what Le Tourneau (2020) called the ‘rural-SPA continuum’ where it is impossible to
clearly distinguish that which is rural and that which is ‘beyond’ rural.

The results of our quantitative analysis thus highlighted three different types of demographic and
economic patterns present in sparsely populated first-tier subnational jurisdictions and the relation-
ship between these three different types were discussed here in a systematic way, and by that, cross-
cut the simplistic developed-developing world distinction in relation to SPAs.

6. Conclusions

In this study we have developed a global picture of the economic and demographic characteristics
and commonalities for SPAs by applying the technique of PCA to ascertain and differentiate three
types for such regions. While purposeful and informative for policy making and in addressing gaps
in this area of study, any complex global typology encompassing subnational units with a broad
spectrum of diverse demographic, economic and institutional-jurisdictional settings will involve
a degree of generalization. Likewise, data used in this study is imperfect in so far as some will rep-
resent incomplete coverage of populations or will contain bias or errors. Consequently, we are
reluctant to have claimed through our results to have developed an empirically-based geographic
typology of first-tier subnational jurisdictions across the globe and instead our typology has ident-
ified some of the socio-economic characteristics associated with extremely low jurisdictional popu-
lation densities. Furthermore, SPAs are specific regions where economic and demographic
performance are strongly related to resource booms and rapid changes in population and economic
growth in general (Taylor 2016). The point-in-time nature of the data modelled here means that
model results may differ across time, thus potentially constraining the geographic universality
and persistence of the findings herein.

Additionally, regions are non-predetermined social constructs (Murphy 1991) and do not exist
as an isolated phenomenon (Murphy and O’Loughlin 2009) in space or time (Paasi 1991). This
dynamism is particularly the case in SPAs (Tsing 2003; Barbier 2005; Geiger 2008; Fitjar 2013;
Woodworth 2016; Väätänen 2019). Hence our pre-defined ‘theatre’ means some regions might
not be in-scope if the study is repeated in future due to population increases, as is the case now
with land conversion frontiers in Southeast Asia, mostly in Borneo, Laos and Cambodia which
are the focus of much of the contemporary work on neo-colonial frontier studies (Tsing 2005; Bar-
ney 2009). Nevertheless, while our 4 people/km2 threshold could be debated empirically for its sub-
jectivity, its selection is based on the existing literature and it provides a suitable, if not perfect, basis
for the analysis presented here. Hence, we do not claim the demographic and economic patterns
highlighted here exist exclusively at the first-tier subnational level or exclusively in those jurisdic-
tions we have selected here.

We used first tier subnational jurisdictions because these are legally defined areal units with
designated boundaries which are described by spatially discrete statistical data suitable for quanti-
tative research. First-tier subnational level (regions, states, governorates, etc., and in some cases
their aggregates) provide a suitable mid-ground for characterizing the problems of intra-national
regional inequalities related to sparsity and remoteness, and, at the same time, the number of ana-
lysed units is not too large, making it possible to identify and collect data globally. At the first-tier
subnational level, however, not all sparse places are part of the selected jurisdictions and vice versa,
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because spatially discrete data implies a higher level of generalization. This spatial generalization
means that averages of spatially discrete data are often unrepresentative for particular places within
the jurisdiction (Wakefield 2012), which is closely related to the problem of measuring ‘emptiness’
spatially (Le Tourneau 2018). For example, the density threshold applied qualifies most of Australia
as SPAs since the first-tier subnational units are its seven states and territories. Thus, although these
contain large cities (for example, Brisbane and Perth), the overall density of the state is below 4 per-
sons/km2. While this is a limitation necessary for a global study of this nature it also reflects the
extremely low densities outside of the cities which dominate the populations of states and qualifying
as SPAs. Moreover, scholars in the SPA space have noted the disconnection in SPAs between the
very sparse areas and larger cities as they relate to population, capital and education flows (for
example, Carson 2011). To overcome this issue we calculated a population density without the lar-
gest settlement within the SPA as well and used it for our multivariate analysis.

The contribution of this study has been to capture certain phenomena posited by existing litera-
ture but never really tested in a global and comprehensive quantitative analysis, where the problem
of land conversion frontiers of low-income countries and the mineral resource frontiers of high-
income countries are compared and contrasted. All-in-all, SPAs represent ‘otherness’, distinct
socio-economic and spatial (remoteness) challenges, particularly for very remote SPAs. Our
study has confirmed that these very remote SPAs (and any subnational jurisdictional subsets show-
ing similar demographic and economic patterns) are definitely, as described by Carson et al. (2011),
‘beyond’ peripheral areas, different to rural and importantly are responsible for large intra-national
demographic and economic inequalities (Taylor 2016; Le Tourneau 2020). These outcomes deter-
mine that specifically targeted regional policies are needed for these very remote SPAs. These must
recognize both their internal diversity and their substantial differences to rural areas. This study
highlights that the ubiquitous application of the latter term may help explain why there has been
limited sustained success observed in policies for delivering better economic and social outcomes
for regions ‘at the edge’. Not least, many SPAs face a volatile and uncertain future from the impacts
of climate change due to their fragile desert, permafrost, and other ecosystems and, for some, high
growth in human populations.
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