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Abstract Ensuring equitable access to healthcare facilities is crucial for urban well-being, but geographical barriers
often impede this access. This paper introduces GeoCNES, an open-source tool developed in Python to address this
challenge. GeoCNES establishes a connection to the Brazilian national healthcare establishments register and the
census data, to process and geocoding them to automatically generate an interactive map that display the distribution
of healthcare facilities and a heat map of the same facilities in Brazilian municipalities. To do so the user must enter
the municipality code and facility type, then GeoCNES retrieves, geolocates, and exhibit the information in interactive
maps. This paper details the development process, functionalities, and limitations of GeoCNES, demonstrating its
application in the Brazilian cities of Sdo Carlos-SP, Rondonépolis-MT, Chapecé-SC, Parnamirim-RN and Parauape-
bas-PA. While challenges related to data inconsistency were encountered, GeoCNES successfully maps healthcare
facilities, offering valuable insights for urban planning and promoting equitable access to healthcare.

Key words Healthcare mapping, Geographic information systems, Spatial analysis, Healthcare planning, Python

Resumo Garantir acesso equitativo a unidades de satide é crucial para o bem-estar urbano, mas barreiras geogrdficas
muitas vezes impedem esse acesso. Este artigo apresenta 0 GeoCNES, uma ferramenta de cddigo aberto desenvolvida
em Python para enfrentar esse desafio. O GeoCNES se conecta ao CNES e aos dados censitdrios brasileiros e aplica
técnicas de geocodificagdo para gerar automaticamente mapas interativos que mostram a distribuicdo de unidades de
satide e sua concentragdo por meio de mapas de calor, em municipios brasileiros. Os usudrios utilizam cédigo do mu-
nicipio e o tipo de unidade a ser analisado como pardmetros, e 0 GeoCNES recupera, geolocaliza e exibe os dados em
mapas. Este artigo detalha o processo de desenvolvimento, funcionalidades e limitacoes do GeoCNES, demonstrando
sua aplicagdo nas cidades de Sdo Carlos-SB, Rondondpolis-MT, Chapec6-SC, Parnamirim-RN e Parauapebas-PA.
Embora tenham sido encontrados desafios relacionados a inconsisténcia de dados, 0 GeoCNES é capaz de mapear
com sucesso as unidades de saiide de diferentes regides do pais e gerar mapas com potencial para auxiliar no plane-
jamento urbano voltado para a equidade na saiide.

Palavras-chave Mapeamento dos cuidados de saiide, Sistema de informagdo geogrdfica, Andlise espacial, Planeja-
mento de satide, Python

Resumen Garantizar un acceso equitativo a las unidades de salud es crucial para el bienestar urbano, pero las
barreras geogrdficas a menudo obstaculizan este acceso. Este articulo presenta GeoCNES, una herramienta de co-
digo abierto desarrollada en Python para abordar este desafio. GeoCNES se conecta al CNES y a los datos censales
brasilefios y aplica técnicas de geocodificacién para generar automdticamente mapas interactivos que muestran la
distribucién de las unidades de salud y su concentracion a través de mapas de calor en municipios brasilefios. Los
usuarios utilizan el cédigo municipal y el tipo de unidad a analizar como pardmetros, y GeoCNES recupera, geoloca-
liza y muestra los datos en mapas. Este articulo detalla el proceso de desarrollo, las funcionalidades y las limitaciones
de GeoCNES, demostrando su aplicacién en las ciudades de Sio Carlos-SB, Rondondpolis-MT, Chapecé-SC, Parna-
mirim-RN y Parauapebas-PA. Aunque se encontraron desafios relacionados con la inconsistencia de datos, GeoCNES
es capaz de mapear con éxito las unidades de salud de diferentes regiones del pais y generar mapas con potencial para
ayudar en la planificacion urbana orientada a la equidad en la salud.

Palabras clave Mapeo de la atencién de salud, Sistema de informacién geogrdfica, Andlisis espacial, Planificacién
de salud, Python
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Introduction

A population’s well-being is intrinsically related
to the ease to access healthcare facilities, which
can be influenced by both non-spatial and spatial
factors. Non-spatial factors encompass aspects
such as the health status of an individual, socio-
economic circumstances, and social support net-
work. While, spatial factors involve the location
and distance of healthcare facilities from users’
origins, playing a crucial role in guaranteeing eq-
uitable access to healthcare services'?

Despite the availability of healthcare services,
many individuals face geographical obstacles,
which impede their ability to access these essen-
tial services*. For instance, an estimated 18.1%
of the population faces a critical level of acces-
sibility, often resulting in incomplete care and
compromising their health outcomes®. This is a
concerning experience, considering that provid-
ing equitable access to all services and resources
and overcoming the inequities in the urban space
is one of the biggest challenges to the cities now-
adays®.

In this context, the third Sustainable Devel-
opment Goal (SDG), proposed by the United
Nations (UN), becomes even more crucial. This
goal aims to ensure healthier lives and promote
well-being for all, specifically focusing on achiev-
ing universal health coverage (UHC) through
access to essential health services’. Therefore,
considering geographical barriers to healthcare
access is not only essential for fulfilling the ob-
jectives of the SDGs but also critical for ensuring
equitable health outcomes and addressing the
larger issue of urban inequities.

One noticeable issue in Brazil involves the
connection between the allocation of new public
facilities and the electoral political interests of the
public stakeholders involved. These stakeholders,
often lacking knowledge of technical aspects and
methodologies that could enhance the effective-
ness of healthcare network, are primarily focused
on immediate social promotion that could yield
future political advantages®. Moreover, the lack of
access to adequate software and the difficulty of
training professionals become another challenge
in utilizing appropriate techniques’.

The current approach to planning health
facilities, of distinct kinds, is inadequate and
involves different interests, leading to sever-
al detrimental consequences. From a financial
standpoint, this lack of proper planning results
in an inefficient use of public resources. Locating
healthcare facilities with an improperly method

often require more funding, diverting resources
away from other essential healthcare services.
Moreover, inadequate planning can result in an
insufficient supply of healthcare facilities, which
affects the underserved areas and decrease the
accessibility to the users. This shortage of ser-
vices disproportionately impacts those who are
most in need, exacerbating health inequities and
compromising the overall quality of healthcare
delivery™.

The literature holds several metrics and
methods that can provide effective planning for
the establishment of new health facilities' '
These tools consider factors such as population
density, healthcare needs, accessibility, and exist-
ing infrastructure to identify optimal locations
for new facilities. The Geographic Information
Systems (GIS) is an valuable tool to spatialize dif-
ferent aspects related to both demand and sup-
plies, and in this way, it presents to be a great
tool to assist the planning of public equipment,
however, GIS’ software used to be often expen-
sive, when there was no open-source alternatives,
and still today, can be difficult to use, which can
turns its use unfeasible in the daily life of public
administration®.

In response to these challenges, this paper in-
troduces GeoCNES, an automated, open-source
computational tool meticulously designed to en-
hance the planning process for healthcare facili-
ties. GeoCNES is based on official, open-source
and up-to-date data of the existing healthcare in-
frastructure, provided by the National Register of
Health Establishments - CNES and the Brazilian
Institute of Geography and Statistics - IBGE, and
focus on generate interactive maps illustrating
the distribution of facilities of distinct levels of
care across municipalities.

Bibliographic review

The rapid urban growth, especially in the
low- and middle-income countries (LMICs), al-
ready threatens to worsen the existing inequal-
ities'. Sustainable urban planning is crucial for
healthy and equitable development in these re-
gions. However, current practices in LMICs, like
Brazil, often prioritize short-term political gains

1718 which leads to an in-

over long term planning
efficient use of resources.

Effective urban planning necessitates a com-
prehensive approach that utilizes data, metrics,
and continuous monitoring to understand com-
munity needs and adapt public policies accord-

ingly". The Department of Information Technol-



ogy of the SUS (DATASUS) serves as a central
repository of extensive information, including
data on healthcare utilization, health facility in-
frastructure, and staff demographics. This data
not only informs decision-making but also plays
a crucial role in developing effective health ac-
tion programs'.

DATASUS constitutes an extensive array of
information systems that encompasses a diverse
range of data and sectors within the SUS. The
CNES plays a pivotal role in providing public
managers with a comprehensive overview of the
social and healthcare landscape across Brazilian
regions and municipalities. This invaluable data
enables the formulation and implementation of
effective public health policies based on accurate
and up-to-date information on health facilities
nationwide®.

However, despite its extensive data repos-
itory, the CNES web implementation presents
challenges in effectively disseminating informa-
tion on health facilities”’. The reliance on highly
specific terms without visual support often hin-
ders the accurate representation of healthcare fa-
cilities’ locations, this spatial limitation impedes
user access to the system and its valuable data®.

There are several ways to address the spatial
visualization of healthcare systems, one of them
is geocoding, which as defined by the Earth Sci-
ence Research Institute — ESRI®, involves trans-
forming location descriptions, such as addresses
or geographic coordinates, into precise spatial
information referenced to the earth’s surface. By
incorporating geocoding techniques, the CNES
can effectively translate descriptive data into
meaningful spatial representations, thereby fa-
cilitating the identification of the health facilities’
location and distribution.

The quality of geocoding can be evaluated
through various means, not solely restricted to
the positional accuracy of the information. The
ISO-19157 - Geographic Information - data
quality standard considers important to evaluate
five key groups of elements: the completeness,
the logical consistency, the positional accuracy,
the thematic accuracy, and the temporal quality
of the features®.

However, due to the informative nature of
this standard, some authors® have adapted the
sets of elements for quality assessment, employ-
ing only three analysis elements:

. Completeness assesses the actual corre-
spondence of geocoding and analyzes the tempo-
ral quality of the dataset to determine the tempo-
ral validity of the data analyzed.

. Positional accuracy evaluates the positional
placement of elements present in the database.

. Data repeatability indicates the consistency
of the results obtained by querying the database
regarding positional changes across the mapped
regions.

In the current landscape, geographic databas-
es maintained by private companies like Google
and Microsoft, as well as the collaborative ef-
fort of OpenStreetMap, are the most prevalent
geocoding tools, and they have made notewor-
thy progress in creating user-friendly and freely
accessible Application Programming Interfaces
(API) for users®. These APIs are designed to sim-
plify the development and integration of comput-
er applications through different computational
languages, with varying degrees of geocoding
functionality and quality. These variations arise
from the extensive amount of data and informa-
tion related to various public and private sourc-
es that constitute the databases, rendering them
highly valuable commodities for businesses?.

The integration of APIs from renowned com-
panies, such as Google and OpenStreetMap,
has revolutionized the development of compre-
hensive geographic applications, empowering
decision-makers across various management
domains. These APIs offer sophisticated geolo-
cation and mapping capabilities, enabling easy
integration with their extensive and up-to-date
geographic databases. This integration promotes
more reliable and high-quality query responses,
enhancing the effectiveness of geospatial analy-
sis?.

Consequently, this integration facilitates the
spatialization and conversion of information,
such as the distribution of health facilities, into
informative maps. These visual representations
empower urban planners to identify and analyze
health service infrastructure distribution pat-
terns, revealing inequities in access to healthcare
services. This capability empowers urban plan-
ners to make well informed decisions about the
placement of new health facilities, ensuring equi-
table access to healthcare for all residents'.

In the context of public health, these appli-
cations emerge as invaluable tools for adminis-
trative authorities engaged in the planning and
implementation of new health facilities. By pro-
viding real-time data on population distribution,
healthcare needs, and infrastructure availability,
these tools facilitate the identification of strategic
areas for the expansion of health services. This
data-driven approach streamlines decision-mak-
ing in defining the geolocation of new health fa-
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cilities, optimizing resource allocation, and max-
imizing public health outcomes.

Methods

Effective health facility location planning neces-
sitates a robust and up to date database. While
accessible databases offer detailed information,
managing data analysis can be challenging. To
address this, GeoCNES, a Python-based applica-
tion, was developed to facilitate health planning
diagnosis.

GeoCNES is an automated tool based on two
key parameters: the municipality IBGE code and
facility CNES code. The application generates an
interactive map of the health facilities distribu-
tion with a density distribution of them, and a fa-
cility-per-inhabitants’ ratio of that municipality.

Because of its popularity, variety, and flexibil-
ity, Python (in its 3.12.2 version) was chosen as
the programming language to develop this tool,
to facilitate future expansions and functionality
development by both creators and interested us-
ers. To ensure this the code was indented, allow-
ing clarity for those who read the code, enabling
replication and utilization for different applica-
tions by third users.

GeoCNES retrieves data from CNES and
IBGE databases, storing essential information in
algorithmic variables, processing them until the
determination of the facility’s coordinates that
allows the creation of the interactive map. Figure
1 shows an overview of the GeoCNES’s function-
ality, the processes presented in it are discussed
during the present section.

Package install and first steps

To start using the GeoCNES is necessary to
install the computer package available at GitHub
(github.com/lucasbrnd/GeoCNES). Once the user
accesses the page, the code can be retrieved and
loaded into the Python environment and started.

The GeoCNES application operates with only
two input parameters provided by the user:

1) the municipality code, as designated by
IBGE, which is comprised with seven digits, in
which the first two corresponding to the Federa-
tion Unit®, that can be consulted at IBGE’s Cities;

2) the specific code of the health establishment
type, comprised by two digits, according to the
CNES’ documentation®.

After entering the parameters, the applica-
tion goes through validation process, and if the

inputs are valid a new directory is created in the
working directory, to store necessary files to the
application functioning.

Queries on CNES’ and IBGE database

The data process occurred after the input
stage consists in querying the CNES’ and IBGE’s
database. To do this the GeoCNES relies on the
Numpy, Pandas, OS, Requests, URLIib, ZipFile
and Xarray libraries, which enables the manage-
ment of alphanumeric data stored in data frames
and online repositories. Both data sources have
a standardized URLs that varies around the two
codes requested from the user.

The first connection of the application is to
the IBGE database referent to the 2010’ census,
to download the census tract geographical data,
which is done by replacing the state code in the
following link:

geoftp.ibge.gov.br/organizacao_do_territorio/
malhas_territoriais/malhas_de_setores_censi-
tarios__divisoes_intramunicipais/2021/Malha_
de_setores_(shp)_por_UFs/[state_code]/ [state_
code]_Setores_2021.zip

Then, the algorithm unzips and scans the
acquired files, maintaining only the geographic
files relevant to the city of study. The second que-
ry is to the CNES system, and follows a similar
process, in which the codes from city, state, and
health facility type, serves as replacement in spe-
cific parts of the following URL, which provides
a list of all the establishments of a specific type
in the same municipality according to the month
previous to the query.

cnes2.datasus.gov.br/Mod_Ind_Uni-
dade_Listar.asp?VTipo=[HF_type]
& Viistar=1¢& Vestado=[state_code]Vmun=/[ci-
ty_code]&VsubUni=e&»Vcomp=00

The obtained list comprises of all the facilities’
register number and name, which are the two-in-
formation needed as parameter to the next query,
that replace those codes in the following link, in
order to obtain the address of each establishment.

https://cnes2.datasus.gov.br/cabecalho_reduz-
ido.asp?VCod_Unidade=[HF_code]

Each query conducted yields an extensive
array of data on the healthcare facilities, such
as their name, address, responsible organiza-
tion, and many other information. To attend the
GeoCNES’ objectives, the data was subject to an
extraction process in which unnecessary infor-
mation to identify the facility location were ig-
nored, while the necessary part was stored in a
new data frame, in which each line corresponds


https://github.com/lucasbrnd/GeoCNES
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Figure 1. GeoCNES’ algorithm overview.

Source: Authors.

to a health facility, and each column is a field of
the address information.

The extraction process is recursive and goes
through all the entries of the list. When the ex-
traction is completed, a normalization of the
address is conducted to concatenate the informa-
tion into a single field, structured in the following
sequence: facility’s name, street, number, com-
plement, neighborhood, postal code, city, and
state, separated by commas. By this, all facilities
are well identified and able to be geolocated.

Geolocation of healthcare establishments

The geolocation process consists of query-
ing specific databases to obtain geographic co-
ordinates correspondent to alphanumeric data,
such as the address or a spatial reference®. The
geocoding solution in GeoCNES is provided by
Geopy library, a Python client that locates coor-
dinates for addresses, cities, countries, and land-
marks worldwide®?. This library is attached to dif-
ferent geocoders, such as GoogleV3, Nominatim,
Bing and ArcGis*>¥.

The geocoding process of this tool is related
to the queries sent to the geocoding that convert
the addresses in coordinates. The details about
how the geocoder works are not presented here,
because some of those processes are related to

proprietary algorithms that are not very public
for third users.

During the conception of the work two geo-
coders were considered: Google V3 and Nomina-
tim, due to their worldwide recognition. Howev-
er, results obtained by the Nominatim exhibited
less precision and accuracy, with more failures in
identification different facilities than Google V3.
This problem was also identified by Clemens®,
Das and Purves® and Serere*’, who pointed that
Nominatin’s limitation to handle sentences with
different spelling and error could be the cause to
this imprecision, while Google V3 have a greater
capacity of to locate and clean and fuzzy matches
on wrong addresses, resulting in a more success-
ful geocoding process.

Due to this, the Google V3 was selected to be
the geocoder applied in the application, which
requires that the user creates an account in Goo-
gle Maps Platform to obtain the API key. Google
V3’s geolocating process is currently free but is
subject to limitations on the number of addresses
queried in a single search.

Once the user register is concluded and the
API key is provided to GeoCNES, all the ad-
dresses in the list are geolocated and a new geo
data frame, storing points features, is created.
Although Google V3 is more successful in geo-
locate the facilities some errors could be found,
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and to deal with them a validation and correction
process was also implemented.

Validation and manual correction

Throughout the development of the
GeoCNES algorithm, particularly in the geocod-
ing step, recurring errors were identified. Those
errors primarily involved the wrong assignment
of the health facility’s point, either outside of the
municipality’s boundaries or at the city’s central
identification point. To mitigate such errors, a
four-step validation process, reliant on user in-
tervention, was defined:

The first step involves the comparison of
the resulting coordinate to the city’s central co-
ordinate. If those coordinates match, the user is
prompted to provide the correct coordinate to
that facility or to exclude that point of the anal-
ysis. This error often stems from CNES’s incom-
plete or outdated information.

The second step verifies whether the coordi-
nates of the health facilities are within the city’s
boundaries. If discrepancies are noted, users are
given the option to rectify the coordinates of the
respective facility, or to exclude those establish-
ments from their analysis.

The third step offers the user the option to
manually update the coordinates of specific es-
tablishments.

The fourth step empowers the user to select
and exclude any health facility of their choosing.

By offering this validation process, GeoCNES
endeavors to ensure the autonomy of the user to
observe and correct any situation derived from
an imprecise data source or geolocating failure.
The end of this phase marks the consolidation of
the geographic database used to elaborate the in-
teractive maps.

Viewing and exporting data

The GeoCNES’ last phase is the exhibition of
the results in the interactive maps. This was pos-
sible due to Geoviews and Folium libraries, which
provide the necessary resources to produce a heat
map analysis of the facilities distribution and an
interactive map of the city.

The presented map shows three different
geographic features: a point layer with the health
facilities, a polygon layer with the census tract
features, and a geographic layer representing the
concentration of facilities. Those geographic lay-
ers are presented over a basemap.

The point layer contains the health facility
information, such as their name, address and co-

ordinate. The census tract layer is used to identi-
fy the city limits and the urban and rural areas.
While the heat map helps to identify the concen-
tration of facilities in the city in a clearer way.

The interactive display option allows the user
to zoom in or out on the map window and iden-
tify facility’s information with greater precision,
by selecting any facility on the map that pops
up a window presenting the facility information
(name, address and coordinates).

Furthermore, users can export the processed
data for use in different software. The export
function allows the user to save the geographic
files presented in the interactive map in geopack-
age file format.

Results and discussions

This section presents the outcomes of GeoCNES
application, and the discussion derived from it.
To verify the application’s functionality five case
studies were conducted in five different cities.
The first selected city was Sao Carlos due to the
availability of health facilities’ data of Assis and
Segantine'! previous works, with a intention to
compare the coordinates presented by the au-
thors and the locations resulted by the GeoCNES
method.

Séo Carlos is in the state of Sao Paulo, in the
Southeast region of Brazil. The other four cities
are in a different region of the country, and were
selected based on their similarity to Sdo Carlos,
considering the number of inhabitants, to enrich
the discussion through a fair comparison be-
tween the distribution of health facilities among
them.

Since the primary healthcare facilities have
a significant importance to the healthcare sys-
tems, due to its character of universal access and
first contact with the health system, the present-
ed case studies concentrated the analysis on the
health facilities of this level of care.

Sao Carlos-SP’s case study

Sdo Carlos, the primary case study for
GeoCNES, has a population estimated is 254,857
inhabitants in 2022’s census*'. Figure 2 presents
the maps of distribution of the primary care fa-
cilities in Sdo Carlos.

From the GeoCNES map and GeoCNES’s
outcome it is possible to see that health facili-
ties in Sdo Carlos are well distributed. The main
gaps are in the center region, which concentrates
more commercial activities, and in the corner of



the Northwest region (Parque dos Flamboyants),
which are recent neighborhoods. This observa-
tion is also pointed out by Assis and Segantine
findings in their analysis of accessibility of the
PHC facilities in Sdo Carlos. When the health
facilities location of GeoCNES and Assis and Se-
gantine'' work were compared only one facility
presented a failed geolocating result, which re-
sulted in a difference between the authors work,
apart from this, every location was a match and
a facility that was not included in their work was
identified by GeoCNES.

Regarding the ratio of facilities per popula-
tion, the Health Ministry defines that each famil-
iar health team is responsible to 4.000 people and
in Séo Carlos the ratio of facilities per population
is 1 per 7079 inhabitants (as can be seen in Table

Figure 2. Primary healthcare facilities distribution in
Séo Carlos - SP.

Source: Authors.

1), which is greater than the official objective, but
it’s not a conclusive data since more analysis is
required to define the amount of a city popula-
tion is in fact a regular demand of those health
facilities.

Other case studies

The GeoCNES was also tested with cities of
different regions of the country, but with a sim-
ilar population to Sdo Carlos. The four selected
cities were in Chapec6-SC (South region), Par-
namirim-RN (Northeast region), Rondondpo-
lis-MT (West Center region), and Paraupebas-PA
(North region). In Table 1 the results of the facil-
ity location is shown as the ratio of inhabitants
per facility.

In Figure 3 the results obtained for the four
cities are presented. The city with greater num-
ber of health facilities of the PHC level is Ron-
donépolis-MT, which directly affects the ratio of
facilities per inhabitant, making this city the only
one (between the five cities mentioned) with a
ratio lesser than the Ministry of Health propo-
sition.

Considering the cities in which the GeoCNES
was tested, a total of 20 facilities presented some
kind of error. Those errors were most frequent
among the PHC facilities, although one facility of
the tertiary level also presented this error. When
the address of those facilities was investigated,
it was possible to note that seventeen of them
had their number omitted from the address. The
reason for the missing information is unknown,
since the fill of those registers is made by health
centers employees, but it could be a signal of
some kind of error in registers’ filling process,
or it could represent the situations in which the
address indeed does not contain any number. In
any case, this reinforces the importance of de-

Table 1. GeoCNES’ facility location outcomes and inhabitants per facility ratio.

Existing Facilities located Inhabitants
City (IBGE’S code) Population facilities without errors by facility
PHC SHC TCH PHC SHC TCH PHC SHC THC
Sao Carlos-SP (3548906) 254,857 36 4 5 35 4 5 7,079 63,714 50,971
Chapec6-SC (4204202) 254,785 28 2 2 26 2 2 9,099 127,393 127,393
Parnamirim-RN (2403251) 252,716 29 1 4 27 1 4 8,714 252,716 63,179
Rondondpolis-MT (5107602) 244,911 66 1 5 58 1 4 3,711 244911 48,982
Parauapebas-PA (1505536) 267,836 26 1 7 19 1 7 10,301 267,836 38,262

Source: Authors.
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tailed information to a successful process of geo-
location based on address.

Table 2 presents the required time to acquire
the data from CNES. Regarding the time to re-
trieve the data from the CNES, the results were
expected, since cities with more health facilities
represent more data to be retrieved. Regarding
this result, it is interesting to observe that the
time needed to retrieve the address from hospi-
tals of Parnamirim-RN was an outlier in those
observations, which is related to the CNES sys-
tem connection stability. The geocoding time fol-
lows the same rule, and queries with more entries
took longer than the minor ones.

Challenges, limitations and future steps

The main challenge encountered during
GeoCNES’s development is related to inconsis-
tencies of the CNES system, which initially seems
to be a geocoder issue, but during the investiga-
tion and solving process it was possible to note
that some establishments had incomplete regis-
trations, with missing street numbers or names,
or even spelling errors. These deficiencies some-
times made the geocoding process harder, and in
some cases impossible.

Rocha et al.*' have investigated the quality
of information in the CNES database, and that

Figure 3. Primary healthcare facilities distribution in Rondonépolis-MT (top-left), Chapeco-SC (bottom-left),
Parnamirim-RN (top-right) and Parauapebas-PA (bottom-right).

Source: Authors.

Table 2. Time spent in the CNES query and geocoding for each city and level of care.

L. . CNES’ query time Geolocating time
City Existing Facilities (seconds) (seconds)

PHC SHC TCH PHC SHC THC PHC SHC THC
Sao Carlos-SP 36 4 5 105.56 11.09 14.97 17.45 2.87 3.43
Chapeco-SC 28 2 2 76.21 5.72 6.41 9.91 1.92 1.90
Parnamirim-RN 29 1 4 74.46 2.45 43.38 9.80 1.40 2.55
Rondondpolis-MT 66 1 5 173.98 2.83 14.80 20.97 1.38 3.17
Parauapebas-PA 26 1 7 70.35 2.63 19.78 8.38 1.57 391

Source: Authors.



CNES’ data have numerous inconsistencies, par-
ticularly regarding the number of beds and the
operational status of equipment, but also in their
address identification, as a consequence 63%
of hospitals nationwide were located within a
1-kilometer radius of the addresses listed in the
CNES database, in which for 10% of those, this
distance could extend up to 5 kilometers.

It is worth noting that despite overcoming
these challenges, there was a persistent random
error occurring when GeoCNES attempted to
communicate with CNES. This error occasionally
caused application crashes, halting functionality
temporarily. It is possible that the CNES system
could become overwhelmed by a high volume of
queries in a brief period, leading to these inter-
mittent errors. The straightforward solution to
this problem involves re-running the code.

However, this turned out to be the main
limitation of the application, which is related to
query information of cities with great number
of facilities, such as Sdo Paulo-SP, a city that has
518 primary healthcare facilities, and recurrent-
ly resulted in crashes when used as input. Future
works could investigate the reasons to this prob-
lem and propose a way to avoid this failure.

Another limitation identified is related to the
reliability of pre-geolocation data. The informa-
tion utilized as enter parameter to the geolocation
process are provided by CNES database, which
as discussed, can present some inconsistencies.
Then to enhance the process a user validation
that points to the user the facilities in which some
kind of problem was encountered, being the user
the responsible one to correct those facilities.

Although GeoCNES presents itself as an in-
novative tool to retrieve alphanumeric data and
convert them into a geographic information, it is
important to mention that computational tools to
assist multidisciplinary interests by establishing a
connection to governmental data sources and re-
trieving different data to the user was already de-
veloped. A notable example that is Geobr*}, a R’s
and Python’s package that allows the retrieval of
official Brazilian spatial data from various sourc-
es, including healthcare infrastructure available
for CNES, using a more generalized approach.
Also, with a different approach, there is also the
Microdatasus®, an application that focuses pri-
marily on analytical and statistical analysis of
microdata, with less emphasis on spatial aspects.

GeoCNES emerged within the academic
context of postgraduate research. Initially con-
ceived to address the need for a streamlined and

automated approach to obtain health facility lo-
cations, it has since evolved into a more sophis-
ticated tool with multidisciplinary applicability.

The application’s development remains on-
going and future enhancements will focus on re-
fining accessibility analyses based on city street
networks. An enhancement to identify the health
facilities’ capacity (number of physicians and
nurses) and services offered is under develop-
ment.

Presently, GeoCNES resides in a dedicated
GitHub repository - a centralized platform that
facilitates access to the software’s source code and
encourages contributions from users. This trans-
parency ensures traceability throughout the de-
velopment process. Once new functionalities are
introduced, the code will be diligently updated.

Final considerations

The growth of urban populations has increased
the need for comprehensive urban planning to
optimize infrastructure and services, ensuring
efficient access for all residents. This process in-
volves analyzing data on population distribution,
transportation networks, and existing facilities
to identify areas requiring new or relocated fa-
cilities. By carefully placing healthcare centers,
schools, and transportation hubs, urban planners
can minimize travel times and enhance quality of
life for all residents.

In an intention to contribute to the solution
of those problems, GeoCNES is proposed as a us-
er-friendly and accessible computer tool enabling
the visualization of healthcare infrastructure dis-
tribution within the urban area of any Brazilian
municipality, regardless of the user’s educational
background or training.

While GeoCNES does not delve into the op-
erational aspects and types of services offered at
each healthcare establishment, its significance
lies in its ability to offer a product that shows the
spatial distribution of health facilities.

For future endeavors, consideration should
be given to adapting the method to other pro-
gramming languages and expanding its capabil-
ities to enable a micro-analysis of the healthcare
system within the municipality under investiga-
tion. Additionally, utilizing the territorial divi-
sion into census sectors to correlate the spatial
distribution of healthcare establishments with
socioeconomic data would be an intriguing ave-
nue for future research.
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