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Abstract This study diagnosed the situation re-
garding the physical accessibility of the resident
population to primary health care, based on the
characteristics of the population served, their spa-
tial distribution in the territory, based on space-
time analysis. Thus, bearing the different means
of transport available and the specific features
of a low-density territory, we considered several
mobility profiles under analysis, and selected the
Baixo Alentejo as the study area. In methodolog-
ical terms, besides using the location of primary
health facilities and their areas of influence, the
use of the road network and its restrictions, we
selected the use the new Ix1 km grid, recently im-
plemented throughout the EU (European Union),
instead of using the statistical units or administra-
tive boundaries. Its advantages allow overcoming
some of the issues of the usual base cartography.
The final results can be divided into two groups:
conclusions related to the methodologies used and
conclusions related to the accessibility of primary
health care equipment in the study area.

Key words Accessibility, Primary health care
equipment, Low-population-density territories, 1
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Resumo Decidiu-se realizar o diagnéstico de
situagdo sobre a acessibilidade fisica da popula-
¢do residente aos cuidados de saiide primdrios,
baseada nas caracteristicas da populagio servi-
da, na sua distribuigdo espacial, tendo por base
uma andlise espago/tempo, permitindo avaliar
essa mesma acessibilidade. Deste modo, e tendo
em consideragdo os diversos modos de transporte
disponiveis, bem como as caracteristicas especi-
ficas de um territorio de baixa densidade, foram
considerados diversos perfis de mobilidade, sendo
a drea de estudo escolhida o Baixo Alentejo. Em
termos metodoldgicos, além da utilizagdo da lo-
calizagio dos equipamentos de saiide primdrios e
das suas dreas de influéncia, da utilizagio da rede
vidria e das suas restri¢ées, optou-se pela utiliza-
¢do de uma cartografia base menos convencional.
Em vez das unidades estatisticas associadas as
unidades administrativas, optou-se pela utiliza-
¢do da nova quadricula de 1x1 km, implementada
recentemente em toda a Unido Europeia (UE). A
utilizacdo desta quadricula permite ultrapassar
alguns dos problemas apresentados pela cartogra-
fia base habitual. Os resultados podem-se dividir
em dois grupos: conclusoes relacionadas com as
metodologias utilizadas, e conclusdes relacionadas
com a acessibilidade aos equipamentos de saiide
primdrios na drea de estudo.

Palavras-chave Acessibilidade, Equipamentos de
satide primdrios, Territérios de baixa densidade
populacional, Quadricula 1 km?
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Introduction

The accessibility to primary health care has re-
cently been the target of high interest by the
researchers in health geography. The World
Health Organization has also expressed this in-
terest since the end of the 20™ century, concerned
with accessibility to health care, including one of
the 28 goals equated in the “Global Strategy for
Health for All by the Year 2000”".

Also, the European Union (EU) stresses the
need to improve accessibility to health care in
each Member State as one of the prominent top-
ics of the SelG, since these are related to a set of
public obligations that aim to ensure the provi-
sion of services to all citizens, following specific
standards, responding to principles of economic,
social and territorial fairness and standards that
confer the feature of service of general interest
quality and variety?.

In health geography, the most pertinent mat-
ters are related to issues such as inequalities in
health care access, re-emergence of infectious
diseases, health policies, and adequacy of health
services to the local population’.

Health care access inequality is commonly as-
sumed to arise from the accessibility conditions,
namely accessibility to primary care services,
hence the interest in analyzing the population
accessibility conditions to this type of health
services. Accessibility is a crucial concept in stud-
ies in transport and mobility, and, through GIS
(geographic information systems), are increas-
ingly used to measure the impacts of geographic
accessibility. The capacity of GIS networks has
gradually favored the implementation of the geo-
graphic in-depth analysis and allowed the incor-
poration of other relevant elements, such as cal-
culating travel times and defining shortest routes
to reach health services*. However, there is still no
consensus on the standard measure to be used in
the health geography and which of the principal
methodologies has better results, namely, gravi-
ty-based model measures, measures of cumula-
tive opportunities, and space-time measures.

In this work, we chose the one that seemed
more consensual, and at the same time, with a
more straightforward understanding and a more
direct interpretation: space-time measurements.
Space-time measurements are based on the tem-
poral structure of Higerstrand’s space-time geog-
raphy?, i.e., the space-temporal prism determines
the feasible set of locations for the participation
of travel and activities in a limited extent of space
and time interval. A delimited space-temporal

region is represented by an orthogonal triad of
axes, with a pair of labeled axes (x and y) defin-
ing the two-dimensional plane space, and an axis
representing time (z). A point object located in
x, and y, shows the object’s location coordinates
in the two-dimensional space in time. However,
as time progresses (i.e., positive movement along
the z-axis), the object, usually representing an
individual, becomes visible in its movement in
space over time.

This three-dimensional perception conceives
the activities of individuals and allows them to
travel according to continuous trajectories or
paths in the three-dimensional space-time. Those
paths do not exist randomly in space-time but are
subject to several personal or social restrictions,
network features, mobility limitations resulting
from available transport technology, and physical
need for rest. In short, the distance has played so
far one of the leading roles in shaping contempo-
rary cities and human behavior according to tra-
ditional models. However, the approach through
space-time measures goes beyond to overcome
the limitations of the conceptual foundation and
the spatial and temporal structures of tradition-
al models®. This is when GIS are essential to this
methodology’s success because they allow the in-
corporation and model the complexities of the
real world in unprecedented inconceivable ways
and transcend simplifications used on tradition-
al, proximity-based urban models and accessibil-
ity measures’.

Thus, also having the theories based on spa-
tial-temporal measures as starting point, we mea-
sured people’s accessibility in NUTS III (Com-
mon statistical classification of territorial units)
of Baixo Alentejo to the primary care equipment
(PCE) network in the influence areas predefined
by the National Health Service (SNS), regardless
of medical valences, schedules or medical staff
provided by primary care equipment.

Contrary to many studies using the method
of determining access to health services that use
the two-step floating catchment area method, in
which competition between different equipment
is assumed’’, we have an administrative defini-
tion of service in the national case areas of each
PCE.

Paper Organization

This paper is essentially organized in three
key points: 1) Modeling methods and techniques,
where the concept of cartography in 1km?2 grid
is highlighted instead of the traditional admin-



istrative limits; influence areas are defined; and
requirements of each of the analyzed accessibility
profiles for PCE are identified; 2) Results, where
the modeling results will be analyzed considering
the chosen methods; 3) Conclusions, where the
main conclusions of the set of results are present-

ed.

Modeling methods and techniques
The 1km? grid

The analysis results vary with size and scale
of the statistical unit for data collection. In this
case, we would aim to be as thorough as possi-
ble regarding the population location, namely in
low-density areas and, at the same time, where
statistical units cover large areas. Thus, the use
of information on a classical administrative scale
was not an option due to the error associated
with the population allocation to polygons whose
limits are associated with too large administra-
tive areas for measuring the distance between the
population and health centers. So, we opted for a
less traditional approach, applying the kilomet-
ric grid, the geographical referential made avail-
able by the Statistics Portugal (Instituto Nacio-
nal de Estatistica, INE) since 2013, as a result of
GEOSTAT Project™. In its genesis, the GEOSTAT
project includes the creation of a broad and har-
monized dataset for the EU concerning the dis-
tribution and characterization of the population
of the 2010/2011 census because, while there are
common statistical units (NUTS), their size is
not equivalent in a diversified EU with various
administrative limits and different sizes. As such,
the development of comparative studies between
regions hardly uses comparable statistical data.
In the Portuguese case, the grid was applied to in-
formation referring to the 2011 censuses, namely
to the resident population, buildings, lodgings,
and households, and the BGE (Geographic Base
of Buildings).

Using the 1km? grid for statistical analysis has
diverse strengths and weaknesses (Chart 1). The
advantages associated with its use result from the

Chart 1. SWOT analysis.

possibility of carrying out comparative analy-
ses between regions, which is not the case with
administrative or statistical limits of very dif-
ferent dimensions. The information of each cell
in the network is an index, since when its spa-
tial unit has the same dimension, each variable
is by nature a density and the spatial precision
associated with the grid size, 1x1km, is most of
the time closer to reality. On the other hand, the
significant drawbacks result from the difficulty in
crossing this information with the information
collected from the official administrative limits,
since this crossing does not exist naturally.

Thus, since administrative boundaries rarely
have a geometric shape defined as a grid, it has
been decided that all the grids that are present in
an edge area (which intersect with the adminis-
trative limits in question) must be analyzed sep-
arately. We considered a solution that is simple
and effective to solve this problem with the edge
areas, which translates into the following steps:

1) Identifying the edge grids cells by crossing
the administrative limits with the limits of the
cells in question;

2) Carrying out a weighted average in the
hinge areas between the area belonging to the
administrative area and the variable value asso-
ciated with the grid cell.

The comparison of the administrative units’
census values and the values obtained for the
same areas from the 1x1km grid followed by the
previous procedure were consistent, noting a
mean error of 0.5%. Given the low error value,
we assumed to proceed with the grid information
analysis for modeling accessibility.

Areas of Influence (AI)

Generally, the areas of influence are defined
as a particular geographic area where most of the
users of a particular service or business are con-
centrated, or most of the profits from a specif-
ic business are located, commonly from 60% to
80%, since the remaining 20%-40% are consid-
ered as possible exceptions or outliers''. The PHC

Strengths Weaknesses

Opportunities Threats

Spatial accuracy Absence of administrative

boundaries

Comparative analyses between Limited data
regions, even with distinct scales available

The existing variables work | Need to analyze the edge
by themselves as indices grid units separately

Freedom to find patterns that don’t fit
the administrative boundaries

Source: Author.
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equipment analyzed in this work is in a type of
service that cannot be included in this definition.

In the case of health equipment and other
cases such as education, the area of influence (AI)
of this equipment has unique features, namely an
area of influence defined by administrative regu-
lation. In this case, the Al considers only the fixed
limits defined by the SNS, i.e., its area of inter-
vention does not depend on the influence of the
good or service itself but is officially defined and
not overlapping with any other. The entire terri-
tory must be obligatorily covered, and the pop-
ulation served by it must be served by one and
only one Al Thus, for the network’s modeling
concerning accessibility to PHC equipment, it is
necessary to define the areas of influence of each
equipment and measure the accessibility of the
population to their health equipment.

Therefore, in this specific case, all PCEs in the
study area were considered, in a total of 78 PCEs,
and the parishes allocated to each PCEs by the
SNS, confirming that there were no Als overlap-
ping and the entire study area was covered.

Accessibility profiles for PCE

A fundamental point in the study of popula-
tion accessibility is the definition of accessibility
profiles, which are defined according to the used
transport mean, the people transported, and the
network’s constraints'?. Thus, after an analysis of
the road network, the transport network, and a
socio-economic analysis of the population, the
accessibility profiles chosen were:

Pedestrian profile 1: considers the pedestrian
mobility of the population through the existing
road network bearing the areas of influence. It
does not consider the restrictions of the network
for automobile circulation. The value of the mo-
bility velocity attributed was 4.5 km/hour, an av-
erage adult walking speed'?;

Pedestrian profile 2: due to the weight of the
elderly population (over 65 years) in the totality
of the population living in the study area, a spe-
cific profile was considered for this population
cohort. It considers the pedestrian mobility of
the population through the existing road net-
work, bearing the areas of influence. It does not
consider the restrictions of the network for the
automobile circulation. The value of the assigned
walking speed was 3.5 km/hour';

Bicycle profile: this profile considers only the
distance to each equipment by the population
through the existing road network, bearing the
areas of influence. The value of the assigned mo-

bility velocity was 16 km/hour®. This profile was
considered feasible based on the following prin-
ciples: poor slopes; transport means traditionally
used by the local population; more efficient and
rational transport means for urban commuting
(in order to the characteristics of the population
and urban system in Baixo Alentejo);

Automotive vehicle: it considers the distance
to each equipment by the population through the
existing road network, bearing the areas of in-
fluence and the network constraints: maximum
speeds allowed by the national road code by road
type; traffic directions; and other network lim-
itations'®.

The time-distance profile in public trans-
portation (whether urban or regional) was not
considered in this study. The existence of pub-
lic transport in most urban areas in our area of
study is non-existent in most of the cases, and
when available, the provision is scarce and very
limited (at the level of operation time and bus
frequency), for a viable and adequate alternative
to the regular use of PCE.

Indeed, and according to Figueira de Sousa et
al., “Public road transport operators (...) tend to
adapt their offer to the evolution of rural demand
and low urban density areas”. Given the dy-
namics, in general, reducing the levels of service,
watching the extinction of less demanding routes,
or reducing frequencies and amplitude of service,
have guided this adaptation. In these areas, the
provision often comes down to one daily service
on working days, which serves the settlements
located along the main roads” Thus, the most
viable alternative in terms of public transport
would be taxis, and in exceptional cases, the use of
school transport, although it is limited to student
seat vacancy and the routes and schedules of this
service. In turn, taxis are often the only transport
option. However, the cost per trip and the waiting
time end up discouraging its use, giving priority
to car use, and when car is not available, to occa-
sional services made available by the social care
entities or local level authorities (parishes)” .

Study Area Framework

Baixo Alentejo is one of the five NUTS III of
NUTS II Alentejo and comprises 13 municipal-
ities subdivided into 84 parishes. It has a total
area of 8,542.7 km? served by 3,085 km of roads,
divided into several classes of roads, motorways
(AE), main itineraries (IP), complementary itin-
eraries (IC), national and municipal roads, and
urban roads (Figure 1).
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Figure 1. NUTS III Framework.

Source: Own development.

The Baixo Alentejo is served by the railway
that crosses Alvito, Cuba, and Beja and by inter-
city and intermunicipal road transport service,
constrained by a low level of service. The Rede
Expressos and the Rodovidria do Alentejo are the
primary providers of these regional services. Ur-
ban transport (UT) is almost non-existent, lim-
ited to the UT of Beja with five routes and with
limited schedules, the UT of Moura with one free
circuit by the city’s main points, but limited to
Monday through Friday, from 08:00 to 12:00.
The UT of Ourique has two urban routes and
seven municipal routes, also with limited timeta-
bles and frequencies. All municipalities also have
a school transport service that works according
to the school calendar and serves only the mu-
nicipality students.

In 2011, Baixo Alentejo had 126,692 inhabi-
tants, distributed over a total of 8,543.5 km?, re-
sulting in a low density of 14.8 inhabitants per
km?2 (Statistics Portugal, 2012).

Using the new grid for a more realistic inter-
pretation of the population density distribution
in the territory, and after analyzing it, we found
that the territory of Baixo Alentejo has a total of
8,915 1km? squares, of which 97% have a densi-
ty below 50 inhabitants per km?. The exceptions
(3% of the territory) identify the few urban ar-
eas with the highest population concentration of
the territory, with 145 squares between 50 and
199 inhabitants per km?, 63 squares between 200
and 499 inhabitants per km?, 31 squares between
500 and 1,000 inhabitants per km?, and 31 grid
cells with more than 1,000 inhabitants per km?.
On the other hand, it showed an aged popula-
tion showed by a population pyramid of Baixo
Alentejo with a regression pattern, without re-
newal, and with some hollow classes associated
with a robust migratory movement of the active
age population.
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Results

Based on predefined modeling rules per the
characteristics of the road network and the speed
profiles, the ArcGIS Network Analyst extension
was used as incremental support, and the Model
Builder was employed to automate the process-
ing of the various areas of influence and acces-
sibility profiles. It is also important to note that
the time-distance matrix has been converted into
a nominal scale to simplify the typology of ac-
cessibility. This nominal classification was based
exclusively on the individual’s perspective about
distance and how far he/she is willing to walk for
a good or service. Therefore, the classification
is as follows: [0-5] minutes = Excellent; [5-10]
minutes = Good; [10-15] minutes = Fair; [15-30]
minutes = Weak; and > 30 minutes = Poor.

The results were analyzed and aggregated,
resulting in the following outcomes. Concerning
the network distance to the PCE (Table 1), the
Baixo Alentejo shows a territory with a predomi-
nance of areas with distances of 5-10 km and 10-
25 km. Regarding the population, 45.5% are less
than 1km away from the PCE, and 28.5% at a dis-
tance between 1 and 2 km. Considering the area,
only 6.2% of the territory is less than 2km apart
due to high population concentration. Concern-
ing age groups, the prevailing distance of less
than 1 km to a PCE is common to all, although in
this case, it is slightly higher on the aged group.

Considering the pedestrian profile 1 (Figure
2 and Table 2), we find that a large part of the
population (48.55%) has poor or very poor ac-
cessibility (most are at a distance of more than 15
minutes to PCE and less than 30 minutes), while
only 8.44% have excellent accessibility. There is
no clear differentiation between age groups.

Table 1. Distance to PCE (Al according to SNS).

As pedestrian profile 2 (Figure 3 and table
3), most of the population (61.2%) has poor or
very poor accessibility (most are at a distance of
more than 15 minutes to PCE and less than 30
minutes), while only 20.43% of the population
has good accessibility (travel up to 10 minutes),
and there is no clear differentiation between age
groups.

Regarding the bicycle profile (Figure 4 and
Table 2), it turns out that a large part of the
population has excellent or good accessibility to
their PCE (79.8%). If the oldest age group has
excellent accessibility for more than 60% of this
group’s population, we also verified that the val-
ue of poor accessibility, which is 9.9%, is much
higher than the other age groups.

According to the automotive profile that
presupposes the car’s use (Figure 5 and Table
3), most of the population (85.6%) is less than 5
minutes away and 95.8% up to 10 minutes away
from the respective PCE. Poor accessibility using
the car is residual, but we verified that the old-
est population has worse accessibility, with 2.7%
more than 15 minutes away from its PCE.

Conclusions

The conclusions of the work can be divided into
two groups: 1) results about to the methodol-
ogies used; 2) results relating to accessibility to
PCE.

Regarding tested methodologies, it is essen-
tial to highlight the importance of using the
1x1km grid to create the models. This method
allowed locating the population with greater ac-
curacy and total concentration in the study ter-
ritory, and improving the model and the calcu-

Distance (m)

Grid cells Area

Population % Population % 3.

n° % km? % %2 Total

<15 [15-64] >64 Total <15 [15-64] >64

[0-1000] 455 2.8 1222 1.4 1.4 455
11000 - 2 000] 999 6.2 3219 38 52 285
12 000 - 5 000] 3218 20.1 16859 19.7 24.9 9.9
15000 - 10 000] 5329 33.3 29458 345 594 103
]10 000 - 25000] 5042 31.5 2932.1 34.3 937 4.9
>25000 956 6.0 5349 6.3 100.0 0.7

15999 100.0 8542.8 100.0 100.0

447 45.2 46.8 455 44.7 45.2 46.8
30.2  28.9 268 741 749 741 73.6
12.0 104 7.8 84.0 869 845 81.4
9.3 104 10.7 943 96.2 949 92.0
3.3 4.5 69 993 995 994 99.0
0.5 0.6 1.0 100.0 100.0 100.0 100.0
100.0 100.0  100.0

Source: Author.
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Figure 2 . Pedestrian profile 1.

Source: Author.

Table 2. Accessibility of the population to PCE (according to the Al defined by the SNS) on the pedestrian profile

1, pedestrian profile 2, and bicycle profile (%).

Pedestrian profile 1

Pedestrian profile 2

Bicycle profile

Distance (min)
Total <15 [15-64] >64 Total

<15 [15-64] >64 Total <15 [15-64] >64

(0-5] 88 85 87 93 53
15 - 10] 225 220 223 232 151
110 - 15] 201 202 201  20.1 184
115-30] 256 27.6 261 233 312
>30 229 216 228 243 300
Total 100.0 100.0 100.0  100.0 100.0

5.1 5.3 56 594 59.0 59.2 60.3
146 149 157 204 23.0 210 17.4
182 183 18.6 3.1 3.8 3.2 2.6
324 313 30.2 9.5 8.9 9.6 9.8
29.6  30.1 29.8 7.5 5.3 7.0 9.9

100.0 100.0 100.0 100.0 100.0 100.0  100.0

Source: Author.

lation of the different distances according to the
defined profiles. Using the grid for the adminis-
trative limits showed only one limitation, which
was already expected: the error associated with
the total values of the population covered by the
grid compared with the values associated with
the administrative limits. This error was over-
come by applying a simple weighted average of
the population values with the area of the respec-
tive administrative limit, resulting in a difference

of values of around 0.5%, which was considered
acceptable given the shown advantages.
Considering the accessibility of the popula-
tion to their PCE in Baixo Alentejo presented in
the results of this study, about half of the popu-
lation has “weak” or “poor” accessibility for walk-
ing, a situation that is aggravated when consider-
ing a reduced walking speed (pedestrian profile
2), where the value exceeds 60%. In contrast,
just under a third of the population has “good”
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Figure 3. Pedestrian profile 2.

Source: Own development.

Table 3. Accessibility of the population to PCE
(according to the Al defined by the SNS), on the
automotive profile (%).

automotive profile
Distance (min)

Total <15 [15-64] >64
[0-5] 85.6 883 861  83.2
15-10] 10.2 89 102 10.9
110 - 15] 2.3 1.5 2.1 3.3
115-30] 18 12 1.6 2.6
> 30 0.1 0.1 0.1 0.1
Total 100.0 100.0 100.0 100.0

Source: Author.

or “excellent” accessibility, both in the first pe-
destrian profile (31.36%) and in the second pe-
destrian profile (30.54%). The quality of acces-
sibility improves substantially when traveling by
bicycle, where the values of “good” or “excellent”

accessibility reach almost 80%, while 17% have
“weak” or “poor” accessibility to PCE. When con-
sidering traveling by car, more than 85% of the
population has “excellent” accessibility, with only
2% of the population having poor or very poor
accessibility to their PCE. Thus, we can say that
the conditions of accessibility in Baixo Alentejo
largely depend on the opportunity to access an
individual motorized means to access their pri-
mary health unit.

Another conclusion relates to the differenc-
es in accessibility observed by the different age
groups. In general, the older population has
higher time distance values, resulting in worse
accessibility conditions to PCE. These values are
associated with the fact that in the Baixo Alente-
jo, the younger, school age people live in the main
population centers, particularly in the county
centers, while the older population lives outside
the county’s center, in less central areas and, in
some cases, more isolated and distant from the
PCE.



Legend Time/Distance ratio in minutes
PCE Limits [0-5] 115-30]
15-10] >30
110-15]

Figure 4. Profile on bicycle.

Source: Own development.

Collaborations
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Costa. Selection of variables, collecting data, se-
lecting variables, methodological implementa-
tion: C Freitas and NM Costa. Discussion of the
results: C Freitas and NM Costa. Conclusions: C
Freitas and NM Costa.
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