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Abstract: In Europe, the share of people aged 65 years and above is expected to increase exponentially,
and in 2050, for the first time in human history, the number of older people will be larger than
the number of children under the age of 15. Aging is associated with increased vulnerability and
dependence on medical care services. For these reasons, providing access to health services to
people aged 65 years and over is crucial. From the perspective of social equity, everyone should
have the opportunity to access healthcare services equally, but due to economic and geographical
issues, achieving this level of equity is challenging. The aim of this study was to fill the gap between
scientific and actual practices using an accessibility measure to evaluate urban accessibility to primary
healthcare services and to support decision-makers to better allocate resources in local restructuring
of welfare policies. The accessibility measure was designed considering both the land use and the
transportation components, the local healthcare supply system, and a multimodal transportation
network. The methodology was applied to the city of Naples considering Local Health Agency
(ASL) healthcare services to the elderly. The ASL is the largest health agency in Europe, consisting of
17 buildings serving nearly 200,000 elderly. The results show that the entire elderly neighborhood
population suffers from poor accessibility to primary health services, especially in the city suburbs,
and that the methodology could be effectively applied to urban planning strategies to achieve a high
quality of life for elderly people. Due to poor dialogue between the authorities, this could help to
improve the decision-making process through the lens of social equity.

Keywords: accessibility; elderly; GIS

1. Introduction

Demographic aging is increasing in urban areas and its economic and social consequences are
comparable to those of the Industrial Revolution [1]. The prospects of the European population are
distinctive, not only due to a considerable decline in population growth compared to other continents,
but especially due to the combination of advanced aging and a shrinking labor force [2]. In Europe, the
share of people aged 65 years and over is expected to increase from 19.4% in 2017 to 30% of the total
population in 2060, and in 2050, for the first time in human history, the number of older people will be
larger than the number of children under the age of 15 [3]. In the European context, the demographic
shift will be dramatic in Germany, Portugal, Spain, and Italy, where the most aged major cities are
located. The Italian Institute of Statistics [4] forecasts a significant reduction in the total population,
from over 60 million people in 2018 to 46 million in 2065, with a simultaneous notable increase in the
proportion of the Italian population over 65, from 22.7% in 2019 to 30.5% in 2065. This means that Italy
would be an even older nation.
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Considering their significant increase in number and their health conditions, the elderly is a
group of interest: Due to improvements in nutrition, sanitation, and medical care, older people are
healthier than previous generations of the same age. However, aging is also associated with an
increasing vulnerability and dependence on medical care services. From the perspective of social
equity, everyone should have the opportunity to access such services equally, but due to economic and
geographical issues, achieving this level of equity is challenging [5]. Local authorities should prioritize
the implementation of policies to promote higher life-quality standards for this increasing portion of
population. The accessibility approach can be useful to achieve this aim because it considers both the
land use system, consisting of the amount, quality, and spatial distribution of supply and demand of
activities, and the transport system, considering individual needs, abilities, and opportunities [6,7].
Many studies showed that mobility and accessibility trends of the elderly are a critical aspect of
transport systems [8-11], so the provision of a sustainable transport system, designed to meet the
elderly’s mobility needs, is urgently required [12]. The activity system needs to be shaped and
organized to provide a uniform level of access within the same city. Providing decision support tools
to a local administrator for evaluating and assessing the accessibility level to medical care services in
urban areas is crucial [13].

The problem that motivated this study is the existing gap between scientific and actual practices
given the lack of an accessibility measure that can be used to evaluate urban accessibility to essential
urban services for the elderly and to support decision-makers to better allocate resources in local
restructuring urban policies. This study represents a further development of our previous study [14].
The accessibility paradigm has been largely discussed by the international scientific literature and
has translated into numerous computable measures, which differ considerably in their applications
and, most of all, in their theoretical basis. Accessibility is defined as a multidisciplinary concept,
and this can lead to a lack of clarity and intelligibility in research. Accessibility measures have hardly
ever been used in real practice: Urban development plans in Italy are formed by urban planners and
consultants, usually using conventional tools that lack deep integration with the main urban subsystems
(transportation, land use, and urban actors). For the same reasons, comparisons of accessibility among
similar cities are difficult.

The main contribution of this work is the proposal of geographic information system (GIS)-based
method to evaluate accessibility to public primary healthcare services. Our objective was to measure
the accessibility of elderly people to public primary health care services according to the active
accessibility paradigm.

The remainder of this paper is organized as follows: In Section 2, the existing work regarding
measurement of accessibility of the elderly to public services in different countries is reviewed.
Then, our methodology, the case study city (Naples), and the modeling method are described. Section 3
presents the findings of the model. The discussion, including the contributions to urban planning for
a healthier city in Italy, the status of Naples compared to other cities, and the associations of these
accessibilities with the mobility of the older people, is then presented.

2. Literature Review

The concept of accessibility is broad and flexible [15] in various aspects including physical,
psychological, economic, and social issues, which can be dependent on per capita land use and
transport network [7]. Through this lens, the accessibility paradigm is far from the location-based
notion traditionally used in transport studies, namely related to the costs (time and money) needed to
reach a destination. Accessibility is a multidisciplinary concept that cannot be assessed as a simple
count of facilities or services by some geographical unit, without considering factors such as spatial
externalities, the structure of the transport network, the choice behavior of travelers, the frictional
effects of distance, properties of the supply side, and measurement issues related to the large scale of
analysis. Different definitions have been developed by the scientific community. No consensus exists
in the literature, which is natural due to the lack of a best approach to define and compute accessibility.
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Accessibility is often defined as the amount and diversity of places that can be reached within a given
travel time and/or cost [16]. Hansen [17] defined accessibility as the different possibility/ability to
negotiate space and time in everyday life to accomplish practices and maintain relationships that people
perceive as necessary for normal social participation. Geurs and van Wee [7] described accessibility as
the extent to which land use and the transport system enable (groups of) individuals or goods to reach
activities or destinations by means of a (combination of) transport mode(s). In line with this definition,
accessibility is closely related with the interplay between transport systems and land use patterns and
is used when referring to a location’s perspective. Bhat [18] defined accessibility as a measure of the
ease of an individual to pursue an activity of a desired type, at a desired location, by a desired mode,
and at a desired time. According to these definitions, increased accessibility in a society is a means of
achieving increased social inclusion, social justice, and, hence, social sustainability [18].

Since its introduction to urban and spatial planning fields, different measures have been proposed.
We provide a summary of the most commonly used accessibility measures.

Contour measures, also known as opportunity measures or isochrones measures, define catchment
areas by drawing one or more isochrones around a node and measure the number of available
opportunities within each boundary. This measure is both easy to compute and interpret even though
the definition of travel time thresholds can be arbitrary and difficult to differentiate in relation to
activities and travel purposes. Gravity-based measures were introduced in the scientific literature
during the late 1940s. Since then, they were widely used in social and geographical studies, defining
catchment areas by measuring travel impediment on a continuous scale. The measure combines both
land use and transport elements, and due to the introduction of a distance-decay function, it also
considers a person’s mobility capital. From a scientific point of view, gravity-based accessibility
measures have a strong theoretical base [7], which is well accepted in transport planning field.
Furthermore, they consider the spatial interaction between the distribution of the demand and the
accessibility level of opportunities (competition effects) [19]. Moreover, this accessibility measure,
in principle, can take consideration of the variations across individuals, which means that the measure
can be differently specified according to the characteristics of individuals for whom the accessibility is
estimated [20]. From a practice point of view the complexity of the model framework might require
high hardware and software requirements and a certain degree of technical expertise to perform the
calculation. On the other hand, gravity-based measures can be easily integrated with GIS in order
to create and customize maps, build and maintain geographic data sets, and perform many different
types of spatial analysis. According to these features, the measure can provide a clearer visualization
module that could facilitate feedbacks in the consultation process with local authorities and economic
stakeholders. At the same time, the possibility of a multimodal transport analysis can provide insights
into the equity of alternative transportation investments. More recent researches are focusing on
utility-based measures, which interpret accessibility as the outcome of a set of travelers’ choices.
Utility-based measures have a sound theoretical ground in random utility theory [21]: It is founded
on the assumption that people select the alterative with the highest utility. Although transportation
studies widely use various accessibility measures to explain travel behavior, most of these measures
are developed to elaborate on motorized modes of travel [22]. The application of utility-based models
to measure accessibility is able to assess also individual and social benefits of accessibility, even in
monetary terms. The main drawback is that utility-based measures could be difficult to compute,
interpret, and communicate.

In this study, we focused on gravity-based measures because they can be translated from scientific
literature to real practices, due to their easy representation and interpretability. Next, we provide an
overview of some accessibility measures.

Measures of Accessibility Measures to Healthcare Services

Table 1 reviews some accessibility measures; most of them are gravity-based measures and their
focus is the healthcare provision system at different scales (urban, regional, or national). Most of



Sustainability 2020, 12, 781 4 0f 15

the selected accessibility measures rely on the incomparable analytic and managerial capabilities of
GIS (Geographical Information System). Since their inception in the 1990s, GISs have provided an
essential contribution to integrated spatial decision support systems. This approach takes advantage
of the management, manipulation, and display capabilities of a GIS coupled with specialized software
for solutions to complex problems [23-25]. Hence, following the research timeline on the theme,
the accessibility measures became increasingly advanced and sophisticated due to considerable
computing support.

Table 1. Healthcare service provision accessibility.

References Accessibility Measure Healthcare Services Study Area Limits
[26] Contour Hosp%tals with services Illinois, USA Euclidian rather than network distance
dedicated to elderly
Gravity-based (2SFCA—2 Steps . . Lo . . .
[27] Floating Catchment Area) Physicians Chicago, Illinois, USA  Lack of socioeconomical statutes and ethnicities
[28] Gravity-based measure (iFCA) Health care providers Berlin, Germany Only pedestrian accessibility was evaluated

Gravity-based measure
[29] (E2SFCA—Enhanced 2 Steps Private hospitals Sichuan, China
Floating Catchment Area)

Spatial distribution and variability of services
and population were not considered

[30] Gravity-based Tertiary hospitals Finland Public Transport mode not included

[31] Gravity-based (3SFCA) Hemodynamic rooms Spain Only Private Transport was included

Love and Lindquist [26] proved, using contour measure, that within Illinois (USA), more than half
of the elderly population reside in land areas outside the 20-mile radius catchment zones of hospitals
with geriatric facilities. Even though this number was obtained using the Euclidean distance (using
network distance would have improved the analysis), it could help authorities during a first stage of
analysis to identify critical areas where potential actions should be prioritized. For part of the same
study area (10 counties in the Chicago area), Luo and Wang [27] compared an ordinary gravity-based
measure and a two-step floating catchment area (2SFCA) method to assess accessibility to physicians.
2SFCA has been used and enhanced to include more variables and to adapt its form to the study
area of interest. The method consists of two analysis steps: The first one computes the ratio between
supply and demand of each health facility; the second step computes accessibility as the weighted
sum of these ratios using a distance-decay function. 25FCA is an upgrade of the floating catchment
area (FCA) accessibility measure, since it differentiates cost thresholds on a continuous scale by using
distance-decay functions. According to the set of chosen parameters, it could be adapted to different
user clusters. The comparison of the two methods showed that 2SFCA is recommended because it is
simpler and easier to compute and interpret while improving the designation of health professional
shortage areas. The territorial reference scale is still large (10 counties in the Chicago area).

For the European contexts, several experiments have been conducted: Bauer and Groneberg [28]
assessed accessibility for general health care services using the FCA method. Pan et al. [29] also
worked with measures based on the FCA methodology, assessing accessibility to healthcare services
in Sichuan, China. The authors compared the enhanced two-step floating catchment area (E2SFCA),
which calculates population-adjusted density of hospitals, with another spatial accessibility measure,
the nearest-neighbor method, which only considers the nearest hospitals. Even though E2SFCA
needs a more advanced operationalization, the authors stated that it is more meaningful for assessing
associations of the spatial access to hospitals with other factors, such as population density and
investment in public healthcare provision. Gomez et al. [31] proposed 3SFCA (three steps floating
catchment area) that introduces three different parameters to assess spatial accessibility to hemodynamic
rooms: A selection weight based on travel times, a supply-demand ratio, and a distance-decay Gaussian
function. The results showed that a proper use of accessibility indicators along with the application
of GIS tools enables the efficient analysis of health services coverage. Houtari et al. [30] developed a
methodology to design optimal catchment areas of tertiary hospitals in Finland, comparing them with
administrative and normative catchment areas. The research focused on the need to update the national
public health care geography, which refers to decisions after the Second World War. To optimize public
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resources provision, the authors highlighted how accessibility measures could be implemented when
designing administrative catchment areas as they represent the trade-off between adequate client
volumes and maintaining reasonable accessibility for all potential clients. This last application was
selected for review since it focuses on how accessibility measures can be helpful to the decision-making
process. From the reviewed studies, proximity is one of the most influential, if not the most influential,
factors affecting accessibility [15]. Hence, more research is needed to include as many variables as
possible, to better assess elderly access to health services.

3. Materials and Methods

Due to increasing political and scientific interest on the topic, several methods and approaches
have been produced for determining healthcare accessibility and, based on the application
context, these measures vary in terms of theoretical basis, operationalization, interpretability,
and communicability [7,32]. The simplest method to assess healthcare accessibility is to use contour
measures (or opportunity measures), defining catchment areas by drawing one or more travel time
contours around a node and measuring the number of opportunities within each contour. This measure
is easy to compute and understand but its theoretical basis is poor, since different distances within
the same area are not weighted for evaluating accessibility. In a metropolis where many alternatives
exist, the distance to the nearest primary care service may not match demand. To define catchment
areas by measuring travel impediment on a continuous scale, gravity measures were introduced: even
though they are more accurate representations of travel resistance than contour measures, they tend to
be less legible and neglect the variation across individuals living in the same area [29]. Utility-based
accessibility measures are the link between infrastructure provision and perceived individual and
societal benefits, assuming that people select the healthcare alternative with the highest utility. Despite
the strong theoretical basis [21], computing and interpreting these measures can be difficult.

To answer the main question in this study, a GIS-based procedure was developed to evaluate
the level of accessibility to essential urban services for the elderly, considering the demographic
characteristics of potential users, multimodal transport services (characteristics of street walking,
frequency of service, and location of urban transport stops) and characteristics of health services.
Methodologically, our approach integrates the use of open data (spatial and alphanumeric) and
organizational capability, including analysis and representation with GISs.

In the first step, we created a geodatabase using GIS software, containing different types of data
(spatial and alphanumeric). To improve the data output accuracy of the GIS-based procedure, we
introduced a regular spatial grid to divide the area of analysis into small spatial units. The use of grid
frames is crucial for experimental and observational science, as well as for providing the most common
framework for spatially explicit models [33]. The hexagonal cell, which is the minimum spatial unit
into which the study area is divided, and its sides, may have dimensions previously selected by
the user based on the area to be analyzed [34]. In the literature, the use of a hexagonal cell rather
than a square is advised for areas that have problems related to the connectivity of different space
units and the identification of shorter paths for calculating travel distances [35]. For this GIS-based
procedure, we used as a spatial unit a regular hexagonal cell with a side length of 50 m, which provides
greater aesthetic attraction but, above all, increased accuracy in the calculation and visualization
of numerical data. According to previous studies, a proportional function based on the residential
buildings footprint in each cell [13,36] was used to assign the census tracks socio-economic data to
hexagonal elements.

In the second step, geoprocessing, joint data, and network analysis operations were used to
elaborate the data to evaluate the travel time and accessibility level to health services for the elderly.
To evaluate travel times from each hexagonal cell to the main local health buildings, we created a
multimodal transport network. We considered the network as the combination of both walkable streets
and local public transport lines (bus and metro) to better simulate elderly mobility habits.
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The methodology is based on a multimodal transport network, which is the combination of a
pedestrian and public transport graphs. The pedestrian graph is composed of walkable roads and
was obtained by removing non-walkable streets from the network, such as highways. Every link
of the pedestrian graph was considered equally walkable: further features, such as the presence of
pavement, green areas, benches, etc., could be added to assess the quality of urban environment from
the elderly perspective. The public transit network is based on both geographic and alphanumeric
information and the general transit feed specification (GTFS) data. GTFS data are a collection of at
least 6 and up to 13 files concerning transit agency, routes, bus stops, schedules, etc. Due to GIS tools,
GTFS data can be added to a network feature to create the public transit graph, which is composed of
nodes (bus and metro stops), links (routes), and connectors to the walkable roads. The latter do not
have a physical correspondence, but they are dummy elements that simulate the spatial and temporal
discontinuity of public transport modes. The multimodal network is associated to a transit network
dataset, which defines variables and limits (walking speeds, speed of bus and metro, etc.), useful for
model travel times.

ArcGIS Pro 2.2 Network Analysis (Esri, Redlands, CA, USA) a practical tool used to compute the
Origin—Destination matrix. The OD matrix contains the total travel time (combination of pedestrian
and transit times) to travel from residences to essential urban services. The analyses can be run
during morning peak hour (09:00), for an average adult, for a 65-69-year-old person, for a 70-74-year
old person, and for someone aged over 75, considering four different walking speeds for each age
category [13].

In the third step, maps and tables were produced to numerically and spatially quantify the results
of the GIS-based procedure and support the planning process of decision-policy makers. The results of
this procedure can be used by the elderly to choose a more accessible neighborhood.

Table 2 provides the list of alphanumeric and spatial data (vector and raster) requests for the
application of the GIS-based procedure. Table 1 provides the list of alphanumeric and spatial data
(vector and raster) requests for the application of the GIS-based procedure.

Table 2. Data selected for the implementation the geographic information system (GIS)-based procedure.

Data Category of Data Type of Geometry Source
Population Alphanumeric X Statistics Institute [4]
Transport schedules Alphanumeric X Transport companies [36]
Primary health services Vector/Alphanumeric Point Local Health Agency [37]
Walking street network Vector Polyline Open Street Map [38]
Transport network Vector Polyline Transport companies [36]
Census tracts Vector Polygon Statistics Institute [4]
Buildings Vector Polygon Geoportal [39]
Digital Terrain Model Raster X Geoportal [39]

The accessibility level was measured for each hexagonal cell, using the following formulas:

Y1 Sk
Ra= B 5 B M
265—69 Pittmvel ij +X 70-74 Pittmvel i,j + Z>75 p; ttravel ij
- —p 4B 4P
ACCl - Z Rdttmvel i,j + Z R]ttmvel i,j + Z R]ttmvel i,j (2)
65-69 70-74 >75

The first step of the methodology is aimed at computing a ratio between the supply of primary
health services and the demand of elderly people. The second formula aims at defining accessibility
for each hexagonal cell of the grid, i; d identifies the healthcare district, which is the administrative
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boundary of the healthcare services; j identifies the healthcare building; i identifies the generic
hexagonal cell of the grid; P; is the sum of elderly people dwelling in cell i; f,50¢1 ;,j is the total travel
time, which is the combination of pedestrian and transit movements to get from residence places (i) to
healthcare buildings (j); B is the coefficient of the impedance function, equal to 1 for this application;
Sy is the number of available services, also considering the kind of surgery (k) within each district
(d). For what concerns the first formula, the denominator has three different elements. Each element
refers to a different age group (people aged between 65 and 69, 70 and 74 and over 75). This scheme
was necessary since total travel time was differently computed for each age group, according to the
assumption that, while ageing, walking speed decreases [13]. Equation (2) presents a similar structure
for the same reason.

The developed methodology applies FCA measures, which are a special case of gravity-based
measures that aim at defining accessibility around a place of interest (primary healthcare services,
for the application in Naples proposed in this article), considering its supply capacity, demand use,
and proximity features. According to more recent academic practices in this field, we propose a
2SFCA capable of measuring the accessibility to healthcare provision services for each cell of the urban
environment. The method is an upgrade of the FCA method as it introduces a distance-decay function
that differentiates cost thresholds on a continuous scale.

In detail, Equation (1) defines a ratio between the healthcare supply, number of surgeries within
the same district, and demand, which is the number of people per age group (65-69, 7074, and over 75).
This first measure is an indicator of the stress level of each district: the higher the number of resident
elderly, and the fewer the healthcare buildings, the more stressed the district. When considering the
demand, the total (sum of pedestrian and transit components) travel time to the power of —3, where
B is equal to 1, is considered an impedance factor. The total travel times are simulated with three
different speeds for the three age groups, since walking speed decreases with aging. Equation (2)
assesses the accessibility of each cell of the grid as the sum of three elements for the three age groups.
Each element is the sum extended to the healthcare buildings that serve the generic cell i of the product
of the supply/demand ratio of the district and impedance function to reach the j healthcare building
from i.

According to the literature review [5,28], we identified five different accessibility classes for this
case study considering a quintile classification.

4. Case-Study Area

In the Italian context, integrated planning approaches that holistically considers the different
urban components have rarely been applied. For the health and urban planning sectors, one of the
main limitations to applying an integrated approach depends on the different authorities that manage
these two sectors. The local authority is responsible for urban planning and the regional authority is
responsible for the organization of different health services. The absence of constant dialogue and a
specific norm that imposes the collaboration between the different actors, both public and economic,
is a serious issue for the future. In particular, these issues will become more serious due to the increase
in elderly people in urban areas, as well as their specific needs.

The proposed GIS-based procedure was applied to the city of Naples to evaluate the urban
accessibility of the elderly to public primary health services: Table 3 shows the number of available
surgeries within each district. We selected this case study because it is a representative example of a
complex southern European city with high population density, non-uniform urban structure, and the
absence of a specific plan to satisfy the elderly people’s needs.

The city of Naples has 970,185 inhabitants [4] within 117.27 km? and it is the fifth Italian city in
terms of population density. The city has been affected by a gradual increase in the elderly population:
From 2008 to 2018, the elderly population of the city increased 20,052 [4].
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Table 3. Available surgeries for each health structure, within each district. (* ORL stands for

Otolaryngology).
District Cardio  Geriatrics Neuro Urology Diabetology Pulmonology Ortho Dentistry ~ Ophtamology ORL *
X X X X X
D24
X X X X X X X X
X X X X X X X X X X
D25
X
D26 X X X X X X X X X X
D27 X X X X X X X X X X
D28 X X X X X X X X X X
X X X X X X
D29 X X X X X X X X
X X X X
X X X X X X X X
D30
X X X X X X X
D31 X X X X X X X X
X X X
D32 X X X X X X
X X X X
D33 X X X X X X X X X

The Naples Local Health Agency (ASL) is responsible for the primary healthcare supply in the
city boundary and has a very complex structure due to the numerous demands (nearly one million
units) and the socio-economic and health heterogeneity within the area. The Naples ASL has eight
hospital institutions spread throughout the city, but, to better program and allocate resources and to
monitor and manage medical care and treatments, health districts play a strategic role. The Italian law
(D.Lgs. 229/1999 Art. 3) regulates health district functions and identifies them as territorial joints of
ASL, the closest health supply for citizens. A programmatic document of health services supply at
local level organizes the district activities and those that are the responsibility of upper health public
agencies and equivalent private services.

Health districts play a strategic role in the present welfare system, which aims to integrate this form
of assistance with more institutionalized solutions, such as physicians and voluntary organizations.
They represent a significant tool in limiting social exclusion in urban areas. For the first application of
this methodology, we selected local health primary services supplied by Naples ASL. In particular,
the municipality of Naples is divided into 10 health districts, whose administrative boundaries
overlap one or more neighborhood borders, as shown in Table 2. Notably, that district boundaries
represent administrative restriction to services availability, as only neighborhood residents can access
to healthcare provision within the district. Their structures are spread throughout the whole city and
they offer the following primary services to the elderly: Cardiology, geriatrics, urology, neurology;,
pulmonology, orthopedics, dentistry, otolaryngology, ophthalmology, and diabetology. They are
managed by Campania Region and Naples ASL. Figure 1 highlights the spread of healthcare services
within the city and within each district. It represents the supply component of the accessibility measure.
Figure 2 depicts the Naples city multimodal transport network (pedestrian and transit) used to compute
travel times, which are mapped in Figure 3, considering three different walking speeds for the three
age groups (0.8 m/s for people aged 65-69 years, 0.7 m/s for people aged 70-74 years, and 0.5 m/s for
people aged 75 and above) [1].

A preliminary reading of the data reported in the Table 4 suggests some issues related to the
spatial distribution of the elderly and health services within the city of Naples.
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Legend
|:I Health districts Population over 65 years old
Primary Health Centers [Number of inhabitants]

Number of services >10

e 1 11-25

® 25 26-50

® o B 51-75

. T B 75-100
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Figure 1. The distribution of inhabitants aged 65 years and over, in Naples, Italy.

® Transit Stops

[ ] Neighbourhoods
Bus

Funicular

Subway, Metro
Walking Roads

Figure 2. The multimodal transport network in the City of Naples, Italy
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Figure 3. Travel time to primary health centers for three different groups of elderly: (a) 65-69, (b) 70-74,

and (c) over 75 years.
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Table 4. District neighborhoods and population.

District Neighborhoods No. of Health Buildings No. of Services Total Population = Population  District Neighborhoods
24 Chiaia, Posillipo, S. 2 14 82,161 5368 4247 9146
Ferdinando
25 Bagnoli, Fuorigrotta 2 13 95,682 6607 4977 10,453
26 Pianura, Soccavo 1 11 106,518 5767 3737 6730
27 Arenella, Vomero 1 11 114,950 8289 6708 15,380

Chiaiano, Piscinola,

28 Marianella, Scampia 1 11 91,818 4320 3027 5472
Colli Aminei, San
29 Carlo all’Arena, 3 21 97,875 6014 4598 9092
Stella
Miano,
30 Secondigliano, S. 2 17 79,271 3980 2922 5384
Pietro a Patierno
Avvocata,
Montecalvario,
31 Pendino, Mercato, S. 2 13 91,964 5613 4022 8185
Giuseppe Porto
k?) Barra, S. Giovanni a 2 12 110,709 5509 3867 7299
Teduccio, Ponticelli
Vicaria, San
33 Lorenzo, 1 10 90,157 5368 3730 7788
Poggioreale
Total 961,106 56,835 41,835 84,928

5. Results and Analysis

Here, we summarize the accessibility of the elderly to primary health facilities in Naples as an
example of large Italian cities. Tables 5-7 report the number of elderly (65-69, 70-74, and over 75 years)
in Naples, respectively. For those aged 65-69 year, Districts 25 (Bagnoli and Fuorigrotta), 26 (Pianura
and Soccavo), 27 (Arenella and Vomero), and 33 (Vicaria, San Lorenzo and Poggioreale) required an
in-depth evaluation. District 27 is inhabited by about 4,000 elderly people aged between 65 and 69
who suffer from a very poor accessibility to primary health services and this percentage increases to
nearly 70% if we also consider a low, poor, and a very poor level of accessibility. A total of 87.3% of
dwellers in District 30 (Miano, Secondigliano, S. Pietro a Patierno) have very good access to primary
health services. This highlights the deep social and spatial inequity even for bordering neighborhoods.
This analysis highlights that no difference exists between core urban areas and suburbs: Vomero is one
of the central neighborhoods and its dwellers have poorer accessibility compared with residents in
District 33, which includes suburban areas.

Table 5. The level of accessibility to health care services of those aged 6569 years per district.

District Very Poor (%) Poor (%) Low (%) Good (%)  Very Good (%)
24 0.4 19.3 12.0 21.5 46.7
25 47 34.3 11.8 25.8 23.3
26 0.6 40.6 9.6 16.6 32.6
27 9.3 34.8 28.4 18.3 9.3
28 3.8 8.4 15.2 37.3 35.2
29 0.0 0.0 0.4 31.6 68.0
30 0.0 0.0 45 8.2 87.3
31 0.0 0.7 22.8 25.0 51.5
32 0.0 0.9 37.6 43.4 18.2
33 20.0 24.1 19.5 24.1 12.2

For the second age range (70-74), in District 27, more elderly people suffered from a low accessibility
level. Over 70% of the elderly have a medium or low level of accessibility, which is about 5000 people.
Both Districts 25 and 26 have the same results as for people aged between 65 and 69 years. District 33
(Vicaria, San Lorenzo, Poggioreale) is not the worst in this context, but it could be further investigated
since nearly 40% of its 70-74-year-old residents suffer from a low level of accessibility.

Previous considerations are confirmed even for this last age range (over 75 years): Districts 25,
26, and 27 have the highest rate of dwellers with the poorest accessibility levels (37, 31, and 42%,
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respectively). Due to the slowest walking speed for this elderly age group (0.5 m/s), in every district,
the number of people with a low, poor, and very poor level of accessibility increases considerably.

Table 6. The level of accessibility to health care services of those aged 70-75 years per district.

District Very Poor (%) Poor (%) Low (%) Good (%)  Very Good (%)
24 0.5 20.7 11.3 20.2 47.3
25 41 33.2 11.7 26.5 24.5
26 0.5 37.0 8.6 199 34.0
27 10.5 35.1 27.7 17.7 9.0
28 27 6.9 14.1 38.7 37.6
29 0.0 0.0 0.5 36.2 63.3
30 0.0 0.0 31 7.8 89.0
31 0.0 0.7 23.8 25.5 49.9
32 0.0 0.9 35.4 41.7 22.1
33 193 22.0 19.5 25.9 133

Table 7. The level of accessibility to health care services of those aged over 75 years per district.

District Very Poor (%) Poor (%) Low (%) Good (%)  Very Good (%)

24 0.6 21.0 13.0 18.6 46.9
25 3.8 33.3 10.7 25.8 26.4
26 0.7 30.3 8.5 28.9 31.7
27 7.5 33.9 29.2 195 9.9
28 3.7 6.2 13.7 39.8 36.6
29 0.0 0.0 0.4 34.9 64.6
30 0.0 0.0 29 8.8 88.3
31 0.0 0.7 26.0 25.2 48.0
32 0.0 0.8 34.5 42.2 22.5
33 0.6 21.0 13.0 18.6 46.9

Figure 4 highlights the overall accessibility levels experienced by the elderly inhabitants of
Naples. Information portrayed in this map could make a valuable contribution in supporting the
decision-making processes associated with any attempts to locally restructure services with the aim
of improving the spatial allocation of primary care resources. The methodology is based on the
assumption that primary health buildings’ locations is a significant consideration as well as their
resources, in terms of physicians, number of surgeries, and operating hours, which all contribute to
these results.

Legend
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Figure 4. Level of accessibility of the elderly to health services.
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6. Conclusions

In this study, based on the data of 2011 [4] we evaluated spatial accessibility to primary health
services in Naples, Italy. The situation we depict is referred to the largest Local Health Agency
(ASL) of Europe, ASL Napoli 1, with nearly 1 million of users and 6,000 employees. The city of
Naples provided a representative study area also due to its morphology and socio-economic and
demographic structure. This paper presented a quantitative method to assess accessibility to primary
health services, considering as a principal mean of access to the local health system supply to the
elderly a multimodal transport network. We employed a 2SFCA measure for evaluation, that confirms
that entire neighborhoods suffer a very poor accessibility level. An important implication of this fact
is that both municipal local authorities and healthcare institutions need to carry on their primary
responsibility in planning and implementing the allocation of healthcare resources, and to be cautious
in the process of marketizing public hospitals, in order to improve social justice and reduce disparity in
the access to healthcare services. This necessitates more precise and holistic land use planning policies,
also considering the needs and availability of the elderly. We also found that the healthcare provision
system has a very complex structure, due to several agreements by private services that support
public institutions. Unfortunately, it is very hard to access to this data, even though analyses based on
high-resolution data and sophisticated spatial analytical methods would provide critical information
for decision making at the local scale. Due to the limitation of data availability, this study provides only
a snapshot of spatial access to District healthcare structure in Naples, which is not sufficient to fully
evaluate the effect/impact of the Healthcare Local Agency supply within the city of Naples. Accessibility
to the main urban facilities is clearly a decisive element to guarantee paths for the promotion and
protection of wellbeing, in particular for the elderly. Improving access to social and health services is an
essential part in planning future cities towards zero inequalities. The continuous growth of the elderly
in the last decades, as well as prospects predict, will generate a serious social exclusion phenomenon.
One of the limits of our methodology is that the urban features linked to elderly walkability within
the urban environment are missing: the quality of pavements, the presence of green areas, the safety
performance of cross-roads, and other walking comfort attributes (i.e., benches, fountains, etc.) are
some further contributes that could be added for future developments. In fact, the study of scientific
literature confirms the close relationship between service area extension, transport service frequency
and age of users in the evaluation of accessibility to urban services. Moreover, future developments
will further investigate the organization of public health services, as well as their relationships with
private heath provision. In order to analyze the overall urban services supply, future applications could
be run for different timing intervals to estimate the accessibility level and its variability during daytime.
The methodology and the operational procedure proposed can potentially be used as a decision support
tool, in order to design new infrastructures or to optimize existent resources, in a G2B (Government to
Business) point of view. In order to gain this aim, it would be useful to consider the whole primary
health supply system, also considering its administrative rules and, since the main objectives of our
research are the elderly, a distance-decay function could be introduced to better compute their mobility
availability. Such decision support systems are efficient tools for policy makers and urban planners,
even though their contribution to knowledge production concerning the interactions of urban planning
with several other societal issues are usually neglected.
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