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Abstract Urban-rural classifications are relevant tools
for the implementation of economic and social poli-
cies that put emphasis on urbanisation patterns. This
paper combines a specific geography with urban-rural
classifications to increase their use by policymakers.
Labour market areas, long used in economic geogra-
phy and regional policies, are meaningful spatial units
identifying human systems based on commuting pat-
terns. This paper develops a functional urban-rural
classification which captures the relationship between
human communities, their activities and the environ-
ment. The proposal identifies natural space classes,
expressed through land cover, as a relevant dimension
in understanding socio-economic phenomena. The pro-
posed method classifies the communities (of people
and companies) and their territories. By simultaneously
defining urban and rural areas, and the territories in
between, the framework leads to obvious gains in terms
of comparability and harmonisation. The characterisa-
tion of communities along the urban-rural gradient is
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performed by means of population density, via the geo-
metrical abstract model of grid cells. Land cover infor-
mation captures the natural space characteristics and
resources available in territories; the comparison with
national benchmark values allows the identification of
the most significant local land cover features and their
distribution along urbanisation patterns. Empirical spa-
tial entropy and sensitivity analyses investigate spatial
issues. Economic validation also supports the classifica-
tion’s robustness. The method can be easily replicated
because it uses free and open components.

Keywords Functional regions - Classification -
Land cover data - Grid data - Location quotient

Introduction

Over recent decades, policymakers have continu-
ously increased their use of urban-rural classifications
for planning, assessment and monitoring of changes
across territories. In Europe, these classifications act
in different programmes—e.g. the EU implementa-
tion of Sustainable Development Goals or Cohesion
and Rural Development Policies—as a way to iden-
tify candidate territories for specific initiatives. Urban
and rural areas are subject to scientific studies and
policy interventions related to industrialisation, digi-
talisation, green transition, resilience, demographic
changes or access to services. Moreover, classifica-
tions allowing reproducibility over time, as well as
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concrete diagnostic features, are needed to measure
and monitor urbanisation processes and rural devel-
opment. Therefore, the distinction between urban and
rural areas is a key issue associated with development
policies and regional planning.

This paper builds on the two pillars of any terri-
torial classification: the selection of indicators and
methods and the identification of meaningful spa-
tial units. The existing scholarly work has primarily
focused on administrative geographies. In contrast,
this paper adopts labour market areas (LMAs), which
are functional areas derived from travel to work
flows, characterised by commuting self-containment;
this allows the entire population to be represented as
a community-based network (OECD, 2020). In this
respect, LMAs constitute a multi-level geography.
At the micro level, individual travel-to-work patterns
describe factual spatial practices. At the macro level,
local and national administrations influence territorial
organisation. For this reason, LMAs provide solu-
tions for policies aimed at developing endogenous
potential.

There is a strong need to characterise these spatial
units but a proper urban-rural classification which
enables systematic comparisons among LMAs is
missing. Moreover, to the best of our knowledge, a
territorial functional classification of LMAs is not
currently available. The claim of this paper is that
geography based on commuting self-containment,
linked to a hierarchical classification comprising both
urban-rural and functional levels, will improve policy
actions. In this approach, the first essential layer is
geography. LMAs locate communities that live and
work in delineated territories through the self-con-
tainment of commuting flows. The second layer is
the urban-rural classification component that charac-
terises such communities. Finally, the third layer, the
functional component, sheds light on daily commu-
nity activities. The case study is the Italian territory;
however, the classification is easily replicable in other
contexts.

Background
In the scientific literature, attempts to define urban
and rural spaces are developed from measurable

definitions. In many cases, the focus is on rural
areas because they are widely recognised as needing
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policy attention (Nelson et al., 2021). On the oppo-
site side, some scholars concentrate on urban
regions (Duranton, 2021) because, among other
reasons, they have an increasing share of popula-
tion living in such areas. However, scientists and
stakeholders are aware of the inadequacy of simple
binary classifications to represent intrinsic territo-
rial variety (Gillen et al., 2022; Wandl et al., 2014).
In this context, there are issues concerning selection
problems related to the representativeness of indica-
tors, statistical methods and spatial units.

Choice of indicators in urban-rural classifications

Since the earliest studies, population demography has
played a central role in delineating urban—rural areas
(OECD, 1996). Independently of statistical and geo-
graphical methods, population-based indicators are
always, directly or indirectly, considered. However,
different indicators pertain to different scopes: if the
classification highlights territorial transformations,
then dynamic measures are used; in contrast, struc-
tural classifications involve population density and
counts. For example, in social studies dealing with
internal migrations or depopulation phenomena, both
population dynamics and growth are used (Molestina
et al., 2020). Additionally, population composition by
age class highlights distinct urban-rural demographic
trends (Bariski & Mazur, 2016). In contrast, popula-
tion counts and densities provide a structural portrait
of the spatial unit in a given moment. Standardised and
abstract geometric grids have brought a new paradigm,
allowing comparability regardless of the spatial unit
under study. This is now the standard way to compare
areas (Dijkstra et al., 2021; Taubenbock et al., 2022;
van Eupen et al., 2012; Vanhatalo & Partanen, 2022).

However, solely population-based classifications
are unable to capture the complexity and heterogene-
ity of territories. The indicators which are recognised
as being able to better discriminate between urban
and rural areas pertain to environmental and eco-
nomic dimensions.

As the natural environment influences human
activities, urban and rural spaces show significantly
different interactions with natural resources. Land
cover indicators are, by-and-large, the most popular.
These indicators refer to specific classes of land cover
to diversify scope: measures of built-up areas char-
acterise urban space (Aubrecht et al., 2016; Cieslak
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et al., 2020) and measures of agricultural activities
are mainly used for rural areas (Gongalves et al.,
2017; Molestina et al., 2020; Ozta§, 2021). To high-
light urban-rural contrasts, land cover approaches
use square grids, as well (van Eupen et al., 2012;
van Vliet et al., 2019). Moreover, to address specific
social policy needs, properly designed indicators of
land cover or landscape dynamics are used (Moreira
et al., 2016; Serra et al., 2014).

The economic dimension in territorial classifications
largely aims at capturing the spatial unit functional type.
For this reason, analyses generally identify sectors of
economic activity which dominate the socio-economic
structure of territories or look for their diversification
(Gongalves et al., 2017; Laurin et al., 2020). Next to
these, income/wages and employment/unemployment
are, by far, the most investigated phenomena, given
their significantly different behaviour in urban and rural
areas (Ogdﬁl, 2010; van Eupen et al., 2012; Wineman
et al., 2020).

Besides the natural environment and the eco-
nomic dimension of territorial units, the concept of
accessibility to services has a central role in mark-
ing the contrast between urban and rural areas. The
less the access to services and resources, the greater
the degree of remoteness. Remoteness mainly char-
acterises fragile rural areas. Moreover, accessibility
is a measurable concept, with respect to the abstract-
ness of rurality, and, therefore, eases quantification
and implementation. Structural location indicators
measure the relationship between the spatial units
under study, with respect to the nearest unit show-
ing the availability of several services, usually urban
centres. In the literature, the distances to urban cen-
tres (Caschili et al., 2015; Molestina et al., 2020) or
travel times between spatial units (Bariski & Mazur,
2016; van Eupen et al., 2012) are considered. Acces-
sibility targets depend on certain objectives. In well-
being studies and cohesion policies, education or
health systems discriminate between central/remote
areas (Zolin et al., 2017). Instead, economic research
focuses on labour-related topics like employment or
commuting (Caschili et al., 2015).

Methods
Ease of implementation, use and interpretation drive

method selection in policy contexts. Threshold-based
methods are the pillars of urban-rural classifications.

International organisations and official statistics in the
EU rely on fixed thresholds on population grids (Dijkstra
& Poelman, 2014; Eurostat, 2019). The choice of thresh-
olds is detailed in Dijkstra et al. (2021).

Starting from this setting, the scientific literature
has added more dimensions of territorial human pres-
ence and made use of more sophisticated reasoning.
Oztas (2021) simply’superimposes’ (page 461) the
share of population living in rural areas, population
density, distance to urban centres and employment in
agriculture. Using specific thresholds for each indi-
cator, the author establishes an urban-rural classifi-
cation of Turkey. Controlling for land cover classes,
Wandl et al. (2014) use population density thresholds
to delineate ‘territories-in-between’ across Europe.
Using Global Human Settlement built-up grid data,’
van Vliet et al. (2019) use thresholds to determine
which grid cells are predominantly rural or predomi-
nantly urban.

In the presence of many indicators, a data reduc-
tion method is usually necessary. Zhao et al. (2019)
weights different indicators related to population
density, accessibility to services, occupation and
natural space to derive a continuous composite indi-
cator of rurality. This indicator is then used to define
the urban-rural classification. Their index of rural-
ity makes equal distributional assumptions over the
four domains. Meanwhile, van Eupen et al. (2012)
use principal components analysis (PCA) to com-
bine more than 30 variables, including population
density, land cover and accessibility indicators. The
urban-rural classes in Europe are defined in terms of
data-driven thresholds—i.e. the average and standard
deviation of each principal component. Moreover, in
order to account for the diversity of different environ-
mental zones, these thresholds are area-dependent.

By means of a rather complex procedure, Banski
and Mazur (2016) develop a territorial classification
of Poland combining dynamic, structural and loca-
tional approaches. Fixed thresholds are applied to dif-
ferent indicators and the final classification is a cross-
classification of the three approaches.

Taubenbock et al. (2022), using both administra-
tive and grid-based figures, apply thresholds to popu-
lation, building density and share of building types
in Germany. They combine different thresholds used

! https://ghsl.jrc.ec.europa.eu/datasets.php
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across the world, to define the degree of urbanisation
in a probabilistic manner.

Besides thresholds, data-driven methods (multi-
variate statistical methods) are employed to derive
or validate territorial classifications. Caschili et al.
(2015) use PCA to derive a continuous composite
index of rurality, further categorised to classify the
territory of Sardinia, Italy. Moreira et al. (2016) use
a clustering approach, namely k-medoid, to classify
municipalities in the Lisbon Metropolitan Area in
Portugal. Gongalves et al. (2017) apply a combi-
nation of PCA and partitioning around medoids to
identify classes of peri-urban areas. Fiaschetti et al.
(2021) use affinity propagation in order to identify
‘regional typologies’ in Europe.

Although data-driven methods might appear to be
more appealing, they depend heavily on the availability,
quality and accessibility of data (Fiaschetti et al., 2021).
Consequently, their temporal and spatial extension and
harmonisation are generally questionable. In practi-
cal applications, threshold-based methods are often
preferred.

Data and methods
The spatial unit

Most territorial classifications use administra-
tive units as basic spatial elements.” Nonetheless,
administrative units present some disadvantages:
they are derived from historical or natural bounda-
ries; they are not comparable in terms of structural,
economic or socio-demographic features; they
do not account for the presence of agglomeration
economies or accessibility (Grillitsch et al., 2021;
Vifiuela et al., 2014). Moreover, given their vari-
able size, they are also known to contribute to the
modifiable areal unit problem (MAUP) in spatial
analyses (Budde & Neumann, 2019; Openshaw &
Taylor, 1979). These drawbacks could be avoided
by using functional units.

2 Currently, at the EU level, NUTS3 regions (EU Nomenclature
of Territorial Units for Statistics) are the smallest aggregations of
municipalities having a proper urban-rural classification. In Italy,
out of 107 NUTS3 regions, 52 per cent are intermediate, 28 per
cent are urban and 20 per cent are rural.
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LMAs are functional regions based on travel to
work data and are aggregations of municipalities
where the bulk of the population lives and works. They
share, by construction, a common minimum level of
commuting self-containment leading to comparable
spatial units that make up the entire national territory.
The number of municipalities in LMAs approximates
the home-to-work network size: the larger the network,
the easier it is to commute larger distances, especially
in the presence of transportation infrastructure. LMAs
thus exhibit a built-in capacity to address accessibility
issues. Moreover, being functional areas, LMAs reduce
MAUP distortions. For example, by analysing French
employment areas, Briant et al. (2010) show that
LMASs’ size only slightly alters their economic geogra-
phy analyses, while shape is almost irrelevant.

In Italy, LMAs have proved their usefulness for
regional labour and industrial policies, as well as for
planning purposes, especially in transportation sys-
tems (De Montis et al., 2011). From the viewpoint of
policy development, especially in small or sparsely
populated regions like rural areas, LMAs are able
to capture socio-economic interactions at the local
level and represent local economies. From a plan-
ning viewpoint, as the understanding of mobility and
transport connectivity is crucial to locate essential
services (Tran & Draeger, 2021), LMAs enable bet-
ter services provision.’

LMAs, based on Coombes et al. (1986), gain
recent development at international level (Ichim
et al., 2023; OECD, 2020).4 Various EU coun-
tries have adopted the European LMA method for
national policy design,’ paving the way for a harmo-
nised and comparable geography at EU level (Euro-
stat, 2020).

3 Since the 1990s, LMAs represent an alternative geography
for public policies in Italy —e.g. they identify areas affected by
industrial crises (Bellandi et al., 2020).

4 Self-contained labour areas in Canada: https://www150.
statcan.gc.ca/nl/daily-quotidien/230210/dq230210c-eng.htm;
Travel-To-Work-Areas in the UK: https://geoportal.statistics.
gov.uk/datasets/travel-to-work-areas-2011-guidance-and-infor
mation/about; labour market areas in Switzerland: https://
www.bfs.admin.ch/bfs/en/home/news/whats-new.gnpdetail.
2019-0439.html.

5 France: https://www.insee.fr/fr/information/4652957; Poland:
https://stat.gov.pl/en/experimental-statistics/human-capital/
labour-market-areas-as-an-alternative-approach-to-spatial-analy
ses,9,1.html, etc.
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Fig. 1 (a) Distribution of municipalities in Italian labour market areas and (b) their commuting intensity. Source: Authors’ elabora-

tion on 2011 population census

In Italy, there are 610 LMAs stemming from travel-
to-work flows from the 2011 population census. Their
size varies from two to 174 municipalities, see Fig. la.
There are vast LMAs with several million inhabitants,
corresponding to the main cities (Rome, Milan and
Turin) and large conurbations next to Milan (Como,
Lecco and Bergamo). On the other hand, in isolated
areas characterised by small settlements (e.g. along
the Apennine chain or in remote areas on the two main
Italian islands of Sicily and Sardinia), LMAs consist
of a few municipalities.

Indeed, LMAs adapt their size according to the
strength of socio-economic linkages. For each LMA,
Fig. 1b shows commuting intensity—i.e. the percent-
age of commuting flows between different munici-
palities over the total number of flows. Northern Italy
shows high commuting intensities, which correspond
to strong connections between municipalities; con-
versely, in non-core and remote areas, where flows
are mostly within municipalities, the indicator exhib-
its lower values. Although large, the Rome LMA
does not show a high value of commuting intensity
because its municipalities are connected to the capital
city but not with each other.

Data
Geostat grid

The urban—rural component relies on population grid
data—i.e. worldwide geographically referenced sta-
tistics based on a coordinate system of grid cells. A
population grid is composed of squared cells, each
containing population counts. Being independent of
any administrative boundaries, grid cells enable spa-
tially comparable classifications. They also have the
advantage of being stable over time and may easily be
combined to reflect specific areas. This paper makes
use of the 2011 Italian census grid data.® Addition-
ally, the Eurostat (2019) grid cells classification is
used: contiguous grid cells with a population density
of at least 1,500 inhabitants/km? and, collectively,
more than 50,000 inhabitants identify high-density

© At the EU level, the Geostat 2011 population grid 1 K is
available at https://ec.europa.eu/eurostat/web/gisco/geodata/
reference-data/population-distribution-demography/geostat.
Worldwide, see Schiavina et al. (2022) http://data.europa.eu/
89h/d6d86a90-4351-4508-99¢1-cb074b022c4a.
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Fig. 2 CLC2 classes (left),
analysed aggregations
(centre) and final proposed
functional classification
(right). Source: Authors’
elaboration on CORINE
Land Cover 2018 data
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clusters (urban centres). Contiguous grid cells with a
density of at least 300 inhabitants/km* and more than
5,000 inhabitants define urban clusters. The remain-
ing cells are labelled as rural.

In Italy, there are more than 300,000 grid cells and
33 per cent and 43 per cent of Italians live in high-
density and urban clusters, respectively.

CORINE Land Cover (CLC)

The functional component relies on cartography from
CORINE (European Union, 2018). Using a 75 per cent
threshold rule, CORINE maps landscape patterns to a
three-level hierarchical nomenclature. The first level
(CLC1) comprises five main classes of land cover:
Artificial surfaces (5.5%),” Agricultural areas (51.9%),
Forest and semi-natural areas (41.3%), and Wetlands
and Water bodies (for the residual part). The second
level (CLC2) contains 15 classes; whereas, the third
level includes 44 categories. Italian LMAs cover about
130,000 CLC3 patches. The number of CLC3 catego-
ries covering each LMA ranges from six (two compact
LMAs) to 34 (Cagliari, showing the most variable land-
scape). The CORINE minimum mapping unit for status
layers is 25 hectares; since the median LMA surface
equals 39,000 hectares, CLC precision is considered suf-
ficient for the purposes of our classification.

Since CLC1 does not sufficiently discriminate
between classes and CLC3 classes are far too detailed,
CLC2 level data are more suitable for our research

7 Percentages refer to Italy.
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objectives. The aggregation of scarcely present classes
helps to achieve more balanced land distribution. For
Italy, the aggregation of Werlands and Water bodies
proves adequate. Figure 2 shows the CLC2 classes,
C={C1,...,C10} analysed classes and the proposed
functional classification.

A spatial overlay of LMA geography and CLC3
layers allows LMA land cover to be derived. Figure 3
shows CLC3 patches mapped as Built-up areas, Agri-
cultural resources and Environmental assets classes.
Heterogeneity in the land cover characteristics of Ital-
ian LMAs is overwhelming.

Methods

The proposed functional urban-rural classifica-
tion hierarchically exploits two primitive features to
account for LMA territorial diversities: population
density and land cover classification. The former
allows the characterisation of spatial unit settlement
types. The latter considers land cover classification as
a pathway to identify underlying human activities, in
order to infer their socio-economic dimension.

The urban-rural component relies on the spa-
tial concentration of population through grid cells,
therefore capturing the logic of agglomeration econ-
omies. This component makes use of the methodol-
ogy adopted in the EU to classify NUTS3 regions
(Eurostat, 2019) and it inherits its thresholds and
nomenclature. Indeed, stakeholders and policymak-
ers are already acquainted with this classification
and its interpretation as it is included in European
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Fig. 3 Italian land cover
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Authors’ elaboration on
CORINE Land Cover 2018
data
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regulations. Moreover, the European NUTS3 classi-
fication takes advantage of sensitivity studies in EU
countries.

Following Eurostat (2019), the set G of grid cells
covering Italian territory is first divided into high-
density (H), urban clusters (U) and rural (R) cells.
Denote by G; = {g;,82 -8, | the set of n; grid
cells covering the i-th LMA,i=1,...,N, where N is
the total number of LMAs. Denote further by P;; the
number of residents in the j-th grid cell of the i-th
LMA,j=1,....n,i=1,...,N.

The percentage of the resident population in H
grid cells associated with each LMA is computed by:

i _ i Py ()
l Z]n;] Pi,j

where [; represents the indicator function of high-
density cells H. Similar formulas hold for urban clus-
ters whose population is denoted by PlV, i=1,...,N.

Finally, the LMA urban-rural classification may be
operationalised as:

%100 i=1,...,N 1)

Urban , if P? + PV >80
Intermediate , if 50 < P{i + Pl.U < 80
Rural s ifPlH + Pf/ <50

S
BRONTE
CAGLIARI

BORGO VAL DI TARO

o

CESENATICO

B Buileup B Agricultunal resources . Environmental assets

'

A final fine-tuning avoids possible distortions due
to extremely small surface LMAs and upgrades units
in the presence of large cities.

Concerning the classification’s functional com-
ponent, a method accounting for relative concentra-
tions of land cover types with respect to the average
national level seems more appropriate than compari-
sons with absolute values. To measure such concen-
trations, location quotient measures (LQ) are widely
used in the literature (for a review of LQ usefulness,
see Crawley et al., 2013). Moreover, for classification
definitions, LQ is more suitable than spatial autocor-
relation methods. Indeed, LQ compares each spatial
unit to a common benchmark, thus focusing on indi-
vidual features.

For each LMA, LQ compares the surface propor-
tion of each Cl1,...,C10, with the corresponding
national mean level (km?). Let x;, denote the surface
covered by the k-th analysed class in the i-th LMA.
Then LQ,, is defined as:

LQikz%/’%i:l,...,N,k:l,...,lO 2)
where x,, x; and x_represent the k-th analysed class

surface in the country, the i-th LMA surface, and
the total national surface, respectively. When LQ,, is

@ Springer
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greater than one, the k-th CLC class characterises the 5
i-th LMA more than the national average does. g
LMASs’ environmental footprints are then defined E. E g 3 §
by those C classes reaching maximum LQ values ~ I
when LQ > 1. Finally, to increase classification usa-
bility and unify land cover classes that potentially g "N - o
lead to similar end-use, land cover classes are labelled :,5, 88T §
according to their functional classification—i.e. Built-
up areas, Agricultural resources and Environmental =l<|e=m¢
assets. The first class is characterised by urban and e 5 SIS
industrial cover. Agricultural resources class includes
those LMAs where land surface devoted to crops, g
pastures or arable land is significantly higher than E
the national mean level. Environmental assets LMAs é- T2
share a higher concentration of forests, shrubs, open a o
spaces, wetlands, marine or inland waters than the § ®
national average. E Elwacao
IR
5]
£
Results g i
Ela|~2ss
A joint hierarchical use of urban-rural and func-
tional primitives allows a flexible description of com- g
munities and their territories. In fact, high levels of _ % e
population density do not necessarily correspond .% n%: = % o ¥
to completely anthropic spaces. Furthermore, areas 2 2 B
characterised by low population density may not é. % 9 k|
engage in agricultural activities. The first hierarchi- g S|Eln = |2
cal level consists of three classes: predominantly g B al* =8¢ %
urban (Urban), Intermediate and predominantly E % %
rural (Rural). Each class of this first level comprises = :éb g a N A %
three environmental classes: Built-up, Agricultural f <I3(=2=287 §
resources and Environmental assets, resulting in the 8 =
nine-class classification, presented in Table 1. § § g
Urban and Intermediate classes cover 21.6 per cent é % “ e ©
and 35.1 per cent of Italian LMAs, respectively. Con- 5 S| 3|5
versely, the Rural class has small population proportion % §
(13.5%) but is well represented in terms of spatial units s |e 8 2
(43.3%). Population percentages clearly inherit den- :Es % '*g 2% 1% =
sity requirements defining the classification; the Urban 3 ”T; « - §
class shows the highest percentage (57.3%), followed § § & g
by Intermediate and Rural LMAs. As for the environ- 2| 2|3 g I B LQDO)
mental dimension, natural land cover has larger exten- .g ol s
sions than artificial. This reflects the small percentage ) g
of LMAs in Built-up (12.1%). The classification linked 215 E
to agricultural land includes more than 50 per cent of 5 3 ® =
LMAs, most of them in Intermediate or Rural classes. E § § B ;
Environmental assets class represents more than one 2 % § § 3 S1e
third of Italian LMAs (36.7%) and is particularly &8 SES2|2
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Fig. 4 Spatial configuration of the functional urban-rural classification of Italian labour market areas (grey) and regional borders

(black). Source: Authors’ elaboration

present in the Rural class. In Italy, there is no occur-
rence of LMASs in the combination (Rural & Built-up).
Figure 4 shows our classification along with
NUTS2 region borders. The leftmost panel presents
Urban LMAs; these correspond to the largest Italian
cities and those where high-density clusters dominate
population shares. In Italy, only some of the major cit-
ies (e.g. Rome, Milan, Bologna and Naples), as well
as towns with large harbours and infrastructure along
the coasts, belong to the Built-up. They are mainly
concentrated in northern Italy (Lombardy being well
represented) and in Campania. In the Lazio region,
the Pomezia LMA is contiguous to the large LMA
of Rome. The Pomezia LMA has petrochemical and
pharmaceutical business clusters, whereas the Rome
LMA shows administrative and governmental infra-
structures. Urban LMAs in Apulia and the southern
part of Sicily belong to Agricultural resources class
due to their very compactly shaped municipalities
with high population density, surrounded by vast
and completely uninhabited areas devoted to agri-
culture (olive trees or wheat cultures). Because of its
lagoon, Venice belongs to the Urban-Environmental

assets, like many LMAs on Italian coasts with natural
resources (e.g. Cagliari).

Intermediate LMAs (the central panel of Fig. 4)
are the most complex and diversified; they cover
medium-sized towns or networked small urban cen-
tres. Amongst the former, in Environmental assets,
well-known examples are those located in the Alps
(north of Italy) and hilly towns next to lakes or cen-
tral national parks (e.g. the Umbria and Abruzzo
regions). Networked small urban centres, belong-
ing to Built-up class, embody most of the LMAs
in the Pianura Padana (Emilia-Romagna region).
They mainly specialise in manufacturing activities:
agri-food in Parma, leather and related products in
Cesenatico, and machinery equipment in Correggio,
Reggio nell’Emilia and Modena. Similarly, in the
Friuli-Venezia Giulia region, Intermediate & Built-
up Pordenone and Gorizia are devoted to wood and
furniture sectors, whereas the economy in Udine is
more diversified. However, the largest LMAs in these
two regions present very different profiles. Parma,
Modena and Reggio nell’Emilia have a smaller num-
ber of municipalities than Udine and Pordenone in

@ Springer
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Fig. 5 (a) Labour market areas’ job density (log-scale) distri-
bution by urban-rural classification: red Urban, dashed grey
Intermediate and dotted brown Rural; (b) box plot of spatial

Friuli-Venezia Giulia. Moreover, these LMAs are
polycentric (11 core municipalities® each) and exhibit
nearly double the commuting intensity with respect to
the LMAs in Emilia-Romagna.

Finally, Intermediate LMAs comprise all environ-
mental features due to the simultaneous presence of
large industrial clusters, intensive farming and natu-
ral reserves (e.g. the River Po delta and surrounding
countryside). The rightmost panel shows LMAs in
Rural classes. These comprise small villages in agri-
cultural or mountainous areas (see Borgo Val di Taro
in Fig. 3 for example). They are mostly present in Sar-
dinia, along sandy shorelines, and on the eastern side
of the Alps (Dolomite UNESCO sites) with a high
concentration of pasture and rock. Additionally, these
LMAs are located along the Apennine chain, a notably
fragile and depopulated part of Italy with large forests
and mountains (following a virtual arch shape from
Liguria to Calabria).

8 Settlements with more than 100 resident employees and show-
ing in-flow commuting greater than out-flow. Data available at:
https://www.istat.it/it/informazioni-territoriali-e-cartografiche/
sistemi-locali-del-lavoro/indicatori-di-qualit%C3%A0-sll
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Shannon entropy by urban-rural classification; results for 511
labour market areas presenting at least one urban grid cell.
Source: Authors’ elaboration on 2011 population census

Classification validation
Spatial validation

This section presents the results of analyses investi-
gating classification coherence and robustness. Our
urban-rural classification depends on shares of residents
living in urban cells, H and U. To analyse its respon-
siveness and gain further insight into the concentration
of urban cells within each class, types and patterns of
urban agglomerations are investigated (Tikoudis et al.,
2022). Figure 5 illustrates the job density and the spa-
tial structure of urban cells. Figure 5a shows job density
distributions as the number of employed persons/km?.
There are three clearly distinctive patterns. As expected,
Urban LMAs display the highest average job density
(135.8 jobs/kmz). Intermediate labour markets halve
this mean value and, on average, Rural LMAs yield less
than 21 jobs/km?. Urban job density distribution sug-
gests the existence of two subpopulations. The first,
around the rightmost peak at 190 jobs/km?, has a mean
job density equal to 266 jobs/km? and a mean popula-
tion of 443,000 inhabitants. Moreover, these LMASs
show, on average, five core municipalities. This group
includes the most populated Italian LMAs (Milan,
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Fig. 6 High-density clusters, urban clusters and rural cells associated with labour market areas of Rome, Naples, Milan, Varese
(Urban), Cesenatico and Rapallo (Intermediate). Source: Authors’ elaboration on Geostat 2011 grid data

Naples, Rome, Bergamo, etc.). The second group of
Urban LMAs (leftmost peak at 70 jobs/km?) includes
the surrounding medium-sized cities (Cagliari, Brindisi,
Sanremo, etc.). Indeed, the average population in these
LMAs is less than 118,000, their mean job density is 89
jobs/km? and, on average, they comprise only three core
municipalities. Moreover, compared to the first group,
their mean network size (number of municipalities) is
much lower—i.e. 14, as opposed to 25.

To investigate LMAs’ spatial concentration, spatial
entropy (Altieri et al., 2018) is used. Figure 5b shows
the box plot of Shannon spatial entropy distributions
for urban-rural classes; the first (Q1) and third (Q3)
quartiles are the box limits, the median being the
line between them. Urban LMAs show the highest
median value, confirming that these LMAs present a
homogeneous coverage, in terms of urban grid cells.
In contrast, Rural LMAs produce significantly lower
values than the other two classes, indicating a more
dispersed pattern of urban grid cells. Interestingly,

both Urban and Intermediate LMAs show a wide
range of patterns of urban grid concentration. Their
spatial entropy indices vary from 0.05 to 1.04. More-
over, both classes include LMAs among the highest
top 10 values according to entropy-based ranking:
e.g. Milan, Naples and Varese in Urban or Cesenatico
and Rapallo in Intermediate.

However, these large values portray different situ-
ations. Urban LMAs show extensive and compact
patches of urban grid cells, (see Fig. 6 for some exam-
ples). Such LMAs highlight functional relationships
between coastal and inland territories (Naples), a
network of physical nodes of development linked by
transport routes (Milan and Varese), and urban spillo-
ver across neighbouring agricultural land (Rome). In
contrast, in the Intermediate class, large spatial entropy
values correspond with typical examples of littoralisa-
tion, concentration of economic activities, population
and settlements in coastal areas (Cesenatico), or growth
constrained by the physical environment (Rapallo,
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located between the sea and mountains). The highest
values of both job density and Shannon entropy clearly
characterise polycentric Urban LMAs. Such functional
regions are able to create a network of central nodes,
exchanging commuting flows that extend their socio-
economic influence, even outside their boundaries
(Milan, Como, Bergamo, etc.). Slightly lower values
pertain to large monocentric LMAs (Rome) where the
central node dominates other municipalities (Omnes
Viae Romam Ducunt).

The comparison of LMAs portrayed in Fig. 6 and
their corresponding CLC classes (Fig. 3) shows a
high correlation between the urban grid and Built-
up class. Figure 6 illustrates the anthropic space
compactness. However, it is only by means of the
CLC lens that rural LMAs can be characterised. In
fact, widely different landscapes are present outside
Milan, Varese and Naples (Built-up), as well as in the
Cesenatico and Rapallo littoralisation.

Heterogeneity is also present in the functional
data. Although LQ is a powerful tool for coping with
this matter, various issues need to be addressed. LQ’s
sensitivity to benchmark value choice, distributional
(sparseness and extreme values) and size effects is
known to be problematic.

Several studies have been carried out on the choice
of benchmark values, which are commonly set equal
to one. Depending on both region size and the level
of aggregation of the observed characteristics, bench-
marks ranging from one to three are in use. To deal
with this arbitrariness, the literature suggests para-
metric and non-parametric statistical approaches,
often based on normal distribution assumptions
(O’Donoghue & Gleave, 2004). In our application,
Kolmogorov—Smirnov tests reject normality hypoth-
eses of the LQ distributions. Thus, to evaluate classi-
fication robustness, a data-driven approach is imple-
mented (Tian, 2013). For each C class, bootstrap is
used to estimate the third quartile of the distribution;
this estimated value is then used as a benchmark. Sub-
sequently, each LMA is re-classified to the class where
LQ achieves its maximum value and is greater than the
corresponding analysed C quartile benchmark. Since
the bootstrap values are not very distant from one, this
method leads to a similar classification.

An additional weakness of LQ is its sensitiv-
ity to extreme values and sparsity. The former is
relevant when location quotients appear as covari-
ates in regression models, rather than when used

@ Springer

for classification purposes. With regard to sparsity,
a high percentage of structural zeros might indicate
that variable aggregations are not sufficient. In our
application, about 12 per cent of LQ matrix entries
equal zero. Pastures (Cs, 3.4%), Permanent crops (C,,
2.2%), Water (C,, 2.2%) and Open spaces (Cy, 1.5%)
show the largest percentages of zero values. Sparsity
analysis shows that 86 per cent of LM As have at least
eight non-zero C classes represented. These figures
suggest that sparsity is a negligible issue when ana-
lysing Italian LMAs.

A further concern about LQ is its sensitivity to size
effects (Iglesias, 2021). Indeed, LQ shows increased
uncertainty in small regions. Various statistics address
this issue by assessing the classification robustness. Pre-
treatment of less represented surfaces is a way to address
size effects. The adjusted location quotient (Pominova
et al., 2022) allows the assessment of size effects; it
measures the influence of adding a single surface unit
to LQ values. Large differences between the original
and adjusted counterparts suggest the existence of size
effects. In Italy, only six LMAs (out of 610) showed
absolute differences greater than one. They are mainly
very small islands or seaside LMAs, their surfaces rang-
ing from 10 km? -51 km?2. Moreover, the small differ-
ence (2.3%) between the original and adjusted LQ based
classifications proves classification robustness,

Economic validation

This section analyses statistical indicators reflecting the
LMAS’ economic structure, to investigate classifica-
tion efficacy. Such validation is based on LMASs’ share
of employment. In this research, employment indica-
tors explore three different dimensions: employment
intensity, changing patterns of agriculture, and distinc-
tive Italian activity, such as tourism. The economic sec-
tors which validate the classification might change over
time or according to territorial contexts. The first dimen-
sion is addressed by LMA employees over population
(Emp/Pop): the higher the employment intensity, the
greater the regional economic development (both nota-
bly characterise urban centres). Moreover, modern agri-
culture covers a large percentage of land but has a low
employment share. In Italy, agricultural occupations are
higher (5.5%) than the EU level (4.0%).° Furthermore,

9 2018 figures.
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Fig. 7 Employment indica-
tors by class: share of total
economy employees over
population (Emp/Pop),

and total economy share

of employees in tourism
and agricultural sectors
(Sh_Touristic_Emp and
Sh_Agri_Emp, respec-
tively). Source: Authors’
elaboration on 2017 official
statistics business registers

tourism has undeniable importance in the Italian labour
market: at the national level, 12 per cent of employees
undertake touristic activities. As reported by the United
Nations World Tourism Organisation, Italy is constantly
in the top 10 world tourist destinations, according to
many rankings.'? Indeed, its attractiveness is supported
by tourism variety—e.g. art and historical tourism (50
per cent of UNESCO monuments are in Italy), religious
(the Vatican City), mountains (the Alps), and ‘sun and
beach’ tourism (the Mediterranean Sea). The total share
of employees in agriculture and tourism sectors (Sh_
Agri_Emp and Sh_Touristic_Emp, respectively) meas-
ures these economic phenomena. Figure 7 shows these
indicators by functional urban-rural classification.

Productive structures and infrastructures delineate
artificial CLC areas. Built-up shows the highest shares
of employees over population in both Urban (35.6%)
and Intermediate (34.9%) LMAs, while for the Rural
class, the same indicator is up to 14.5 percentage points
lower. Indeed, many Rural LMAs are characterised by
ageing index values and total age dependency ratios'!
which are higher than the national average, highlight-
ing depopulation processes. The discriminant power
of LMA classification is also proved by the ANOVA
analysis performed using Emp/Pop as the dependent
variable. Agricultural resources show significant dif-
ferences with respect to Urban-Built-up class.

10" https://www.e-unwto.org/doi/epdf/10.18111/9789284422456.

" The ageing index is the ratio of the population aged 65
and over to the young population (aged 0-14); the fotal age
dependency ratio represents the number of individuals who
are likely to be ‘dependent’ on the support of others for their
daily living—the young and the elderly—in comparison to the
number of those individuals who are capable of providing this
support.

Rural - Environmental assets

Intermediate - Environmental
assets

Urban - Built-up

( /j\u Intermediate -Built-up

Urban - Agricultural
resources

Intermediate - Agricultural

Urban - Environmental assets

resources

Rural - Agricultural resources

In Italy, agricultural activities are not confined to
a single urban-rural LMA class. Indeed, in Urban
LMAs, the share of employees in agriculture ranges
from 0.7 per cent (Built-up) to 7.1 per cent (Agri-
cultural resources). New forms of urbanisation that
extend the urban space towards the countryside
modify the structure and role of cities. This exten-
sion contributes to urban and peri-urban agricultural
development (Thebo et al., 2014). Urban and Inter-
mediate LMAs in the Agricultural resources class
show the same level of employees in this economic
sector (7.1%). In fact, alongside Italian urban cen-
tres, territories of intensive or extensive agriculture
devoted to market-oriented large-scale agricultural
production are often present; this is the case with
LMAs in Apulia and Sicily (highlighted in Fig. 4).
However, by ordering the eight LMA classes by their
share of employees in agriculture, Rural-Agricultural
resources LMAs reach the highest value (11.3%);
whereas, Rural-Environmental assets LMAs are in
second highest position (8.3%). The ANOVA analy-
sis on Sh_Agri_Emp confirms widespread agricul-
tural activities across LMAs. Only Rural-Agricultural
resources class shows Sh_Agri_Emp values signifi-
cantly different from Urban-Built-up.

Tourism activities have large shares of employees in
the main Italian centres (e.g. 23.7 per cent in the munic-
ipality of Venice, 16.2 per cent in Florence). However,
when considering corresponding LMAs, such shares
drop as Urban LMAs are quite large and nearby munic-
ipalities are less involved in tourism (17.2 per cent
for Venice, 12.1 per cent for Florence). Moreover, the
higher the degree of urbanisation, the greater the diver-
sification of economic activities (Carlucci et al., 2020;
Jacobs, 1969). As a result, both Intermediate-Built-up
and Urban-Built-up LMAs achieve a minimum share
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of employees in tourism sectors (7.9 per cent and 8.1
per cent, respectively). Environmental assets LMAs
show a relatively high presence of employees in tour-
ism and cultural sectors compared to other groupings:
in Urban, Intermediate and Rural classes, the indica-
tors equal 14.9 per cent, 15.1 per cent and 17.5 per cent,
respectively. This evidence confirms that Environmen-
tal assets LMAs are closely linked to tourism; ANOVA
analysis also indicates statistically significant differ-
ences between the Environmental assets classes and the
others. The connection between tourism and rural areas
—the first is considered to be an engine of development
for the second, through sustainable tourism'? —is also
obvious in Agricultural resources, where the share of
employees in tourism activities ranges from 9.5, per
cent in the Intermediate class, to 11.6 per cent in the
Rural class.

Concluding remarks

LMASs’ functional self-containment enables the iden-
tification of communities based on daily labour rou-
tines and relationships. Coupled with our classifica-
tion, LMAs allow the formation of a coherent set of
functional urban and rural areas stemming from a
unique process and simultaneously accounting for
environmental features. The combination of spatial
units and classifications is a substantial contribution
to the characterisation of communities and their terri-
tories. The classification represents a suitable frame-
work for territorial policies and strategic planning.
Currently, in Italy, only NUTS3 regions have an
urban-rural classification. However, this is known
to be unable to detect many rural areas. In contrast,
because LMAs are functional territorial units, they
better delineate different areas. Moreover, the statis-
tics which are particularly relevant at this geographic
level—e.g. (un)employment rate—and information
on LMAS’ industrial characteristics, are tools that

12 Over the years, tourism in Italy has changed its structure,
following global sustainability trends. Nature-related activities,
agriculture and rural lifestyles gathered an increasingly impor-
tant role in the supply of tourist services. Consequently, rural
tourism, as defined by UNWTO, contributes to the growth/
wealth of local economies. https://www.unwto.org/world-touri
sm-day-2020/tourism-and-rural-development-technical-note;
https://www.unwto.org/rural-tourism
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further broaden and deepen knowledge of complex
economic phenomena. Therefore, our classification
enriches urban-rural indicators aimed at prioritising
areas of local and central policy intervention.

In the urban context, this combination of geography
and classification defines an integrated and networked
urban system with well-developed agglomeration
economies delivering standardised information across
governing levels. More specifically, LMA geogra-
phy could play an essential role in detecting barriers
or inter-municipal cooperation, proving to be of fur-
ther relevance for spatial planning agendas. As for the
urban-rural component, it helps to identify systems with
different development levels (urban or intermediate).
Use of a well-known tool for such components supports
its immediate use in urban planning contexts. In urban
spaces, the environmental component helps discovering
LMAs’ possible emerging vocations.

In rural areas, where asymmetries are sharper and
linkages between municipalities are weaker, LMAs
represent a way to aggregate small municipalities.
Our classification supports the identification of rural
communities and sheds light on possible economic
activities, thus favouring evidence-based decisions on
territorial management.

The use of standard, globally available harmo-
nised data, methods and tools makes classification
easily implemented in other case studies and for
other spatial units, although its components might
be less interconnected. Indeed, the classification
itself, via its cartographic representation, provides
a first glimpse at socio-economic characteristics.
Moreover, contrary to previously researched clas-
sifications solely concentrating on a single type of
land cover, this proposal provides an exhaustive
framework.

More granular land cover data are envisaged in
further studies. In fact, many international projects
are investigating the production of different, more
detailed, land cover data.

A further extension could be the adoption of the
same resolution level for both primitive features—i.e.
a 1 km? grid for the environmental dimension too. A
finer resolution requires more detailed imagery, pos-
sibly interpreted aerial photographs, whose availabil-
ity and quality may need assessment. Additionally,
methods could address accessibility of services and
resources more deeply. The use of specific informa-
tion on extremely remote rural areas may help to
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locate labour markets where targeted policies are
imperative. A dynamic framework could improve
understanding of the determinants of territorial
change.

Amidst growing concerns about increasing geo-
graphical inequalities in many aspects of life, this
proposal seeks to contribute to a classification which
would enable the characterisation of urban and rural
populations and their spatial entities, providing tools
to satisfy the heightened need for place-based policy-
making and monitoring.
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