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Abstract. Brazil is the fifth largest country in the world and is one of the most
populous. These characteristics make it very important to summarize up-to-
date data from all the Brazilian regions for decision-makers, in the public or
private sectors. In this work, we obtain a unified dataset with statistical data
for all cities in the country, integrating data related to population, economy,
employment, education, and health. We show the process of extraction of the
data from different public sources, the processing, and the generation of the
dataset. We discuss the possible uses of the dataset, analyze the limitations of
the proposed methodology, and discuss its possible evolutions.

Resumo. O Brasil é o quinto maior pais do mundo e um dos mais populosos.
Essas caracteristicas tornam muito importante resumir dados atualizados de
todas as regioes brasileiras para os tomadores de decisdo, no setor piiblico
ou privado. Neste trabalho, obtemos um conjunto de dados unificado com da-
dos estatisticos para todas as cidades do pais, integrando dados relacionados
a populacdo, economia, trabalho, educagdo e saiide. Mostramos o processo de
extracdo dos dados de diferentes fontes publicas, o processamento e a geragdo
de uma tnica tabela. Discutimos os possiveis usos do conjunto de dados,
analisamos as limitagoes da metodologia proposta e discutimos suas possiveis
evolugaoes.

1. Introduction

Recently, we are observing growth in the use of data in planning and decision-making
processes both in the public [Mergel et al. 2016, Maciejewski 2017] and in the pri-
vate sectors [Wang and Zong 2023, De Laat 2018]. The increase in the storage and the
power of computer processing is allowing improvement in data mining. The conse-
quent availability of data is bringing benefits to society, increasing the accuracy of the
decision-making process, accelerating the planning stages in companies, and reducing
costs [Maciejewski 2017].

Brazil has 5,570 municipalities [IBGE 2023a] spread in an area of more than 8
million squared quilometers[IBGE 2023d]. In this vast territory, the country shows a
diversity of climates (from temperate to equatorial), biomes (from the Amazon rain forest
to semi-arid) and social behaviors[IBGE 2023c, IBGE 2023b]. While the Brazilan largest
city (Sao Paulo) has more than 12 million habitants, some municipalities has as few as a
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thousand people living. Given these characteristics, it is very important, both for public
and private initiatives, to understand the socioeconomic variables of the country’s cities.
Although important, it is not a simple task for the same reasons: how can one obtain a
summarized dataset that brings together information from different socioeconomic fields?

Considering these aspects, in this work we propose the construction of a unified
dataset containing statistical data for all cities in Brazil. We use data acquired by some
public organs: the Brazilian Institute of Geography and Statistics [IBGE 2023e], the
Institute of Applied Economic Research (IPEA)[IPEA 2023], and the Brazilian Health
Ministry[da Sadde 2023]. The data were extracted from public APIs (application pro-
gramming interfaces) or through CSV (comma-separated values) files downloaded from
the institutes” web pages and, then, the tables were joined to obtain the final dataset.

It is noteworthy that several works in literature use socioeconomic indica-
tors proposed in this work to explain and describe various phenomena, for exam-
ple, the ones related to public health, agroindustrial production, and education in
Brazil [Fischer et al. 2007, Santos and Barbosa 2017, Jaen-Varas et al. 2019] and in other
countries [Tang et al. 2022, Zhang et al. 2022, Rodriguez-Rueda et al. 2021]. Thus, the
present work can also contribute to scientists and searchers in several fields.

It is also essential to observe that the features used in this work are periodically up-
dated by the responsible institutes. It is worth calling attention to the fact that the sources
used are not uniform, which enlarged the effort in treating and integrating described be-
low. Thus, the obtained dataset has the highest territorial granularity in the Brazilian
Republic and can be frequently updated, representing, then, an essential contribution to
data science in the country since it provides multiple data that can be used for developing
studies.

This work is organized as follows. We briefly review the related works in Section
2. In Section 3, we list the data sources used in the project and describe the process
of integration and acquisition of the result dataset, which is analyzed in Section 4. The
examples of uses are described in Section 5, while the limitations and future works are
analyzed. Finally, we present the conclusions in 7.

2. Related works

It is possible to find in the literature some recent works that aimed to obtain datasets with
characteristics of Brazilian cities, especially for specific sociodemographic fields.

In which concerns the population estimate, [de Albuquerque et al. 2022] obtained
a dataset that contains this data for Brazilian cities. The authors obtained the estimated
population for sex and groups of ages in small geographic areas in the country filling a
lack in the public data [de Albuquerque et al. 2022].

With respect to the data related to basic education in Brazil, [Barros et al. 2022]
obtained a unified dataset for the years 2020 and 2021, using public data made available
by the Instituto Nacional de Estudos e Pesquisas Educacionais Anisio Teixeira (INEP).
The authors improved and updated some predecessor initiatives like the one presented in
[Conte 2019].

We can also find in the literature the achievement of datasets related to public
health in the country. This was done, for example, by [Clarindo et al. 2020], who built
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a dataset named QualiSUS. The authors obtained data from DATASUS !, standardizing
the variables, suppressing invalid data, and aggregating information to the QualiSUS. On
the other hand, focusing on the COVID-19 pandemic, [Gongalves et al. 2021] obtained a
dataset with vaccination data, which was cross-checked with other sources to guarantee
its correctness.

In order to analyze the efficiency of public spending in Brazilian cities,
[Davis 2022] built a dataset containing data from different fields like financial data, ed-
ucation, public security, and public health. The authors analyzed the effectiveness of
public governance by evaluating the correlation between socioeconomic variables and the
corresponding expenditures by the cities.

In our work, we aimed to build an up-to-date dataset with Brazilian cities vari-
ables, coming from several socioeconomic areas, just keeping quantities that are period-
ically updated by those responsible. On the other hand, we used only variables that are
calculated for the Brazilian cities, to obtain only territorial granular data. Thus, we can
conclude that this work represents an essential contribution since it integrates data from
different sources and fields, providing a unified dataset with data for all Brazilian cities
and simplifying the work of data scientists in the country.

3. Sources and ETL process

In this section, we describe the sources used to build the BrStats dataset of Brazilian cities
statistics and the methods used to obtain it.

3.1. Data sources

The data sources used in this work are briefly described in what follows. It is worth calling
attention to the fact that we only considered public sources online available, such that the
development of this work finds no obstacle in Brazilian laws.

3.1.1. IBGE

IBGE is the main provider of statistical data in Brazil 2. The main objective of the in-
stitute is to offer a complete view of the county, through the production, analysis, and
consolidation of statistical and geographic information.

The institute maintains an API called SIDRA (Sistema IBGE de Recuperacio Au-
tomdtica) °, from which one can obtain the data from its numerous surveys and research.
In order to simplify the search and the use of SIDRA API, IBGE gives a corresponding
code to identify each table and variable. In table 1, we list the table codes, variable names,
and the corresponding variable code. We also inform the year of the last information on
SIDRA.

While IBGE table n. 6579 brings the estimated population contingent for the
Brazilian cities, table n. 6449 has information obtained in a continuous statistical pol

Thttps://datasus.saude.gov.br/
Zhttps://www.ibge.gov.br/acesso-informacao/institucional/o-ibge.html
3https://apisidra.ibge.gov.br/
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Table code Table subject  Variable Variable code Last information
6579 Resident Population 6579 2021
population
Working staff 707 2021
6449 Companies and  Salaries 662 2021
other organizations Companies 2585 2021
Salaried staff 708 2021
1301 Surface area Area 615 -
5938 Public finance Gross Domestic Product 37 2020
Cultivated area 8331 2021
5457 Agriculture Harvested area 216 2021
Agricultural production 215 2021
74 Livestock Livestock production 215 2021

Table 1. Description of the data extracted from IBGE.

named “Cadastro Central de Empresas”, in which the institute obtains data about em-
ployment in the country (like the number of companies, total employed persons, salaried
employed persons, and wages). Tables n. 1301 and 5938, respectively, bring information
about the surface area of Brazilian cities and their Gross Domestic Product (GDP). Fi-
nally, tables n. 5457 and 74 deal with agriculture and livestock production in the country,
bringing data about cultivated and harvested area and total production.

3.1.2. IPEA

IPEA is a Brazilian public institution that provides support to the federal government
regarding fiscal, social and economic public policies *. The institute publishes more than
250 studies annually, aiming to improve the efficiency of government decisions and, as a
consequence, help the social, economic, and structural country’s development.

The institute also provides a public API to simplify the data extraction®, which
was used in this work. We summarize, in Table 2, the data extracted from the API, listing
the name of the table, the variable, and the year of the last information.

Table name Variable Last information
EXPORTACAO Exports 2021
IMPORTACAO Imports 2021
RECTOTCH Revenue 2021
RTRCORTOM  Current transfers 2021
RTRKTOM Capital transfers 2021

Table 2. Description of the data extracted from IBGE.

The tables named EXPORTACAOQO and IMPORTACAO bring information about

“https://www.ipea.gov.br/portal/categorias/1 10-conheca-o-ipea/13764-who-we-are
Shttp://www.ipeadata.gov.br/api/
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the foreign trade of Brazilian cities, which is correlated with their economic production
and welfare. Tables RECTOTCH, RTRCORTOM, and RTRKTOM are related to munici-
pal finance, informing, respectively, the cities’ total revenue, current and capital transfers.
The last two variables are part of the balance of payments of public accounting and, while
the capital transfers are related to the changes in changes in cities’ ownership of assets,
the current transfer quantifies the net incomes in the public sector[Bandy 2018].

3.1.3. DATASUS

The Brazilian Health Ministry maintains a web application called DATASUS which al-

lows us to extract public data’. The data was downloaded directly from the web page in a
CSV file.

In this work, we considered the information about born children and child death,
such that we can estimate child mortality in Brazilian cities. The correlation be-
tween child mortality and a variety of socioeconomic variables has been studied in the
literature[Fischer et al. 2007]. So, this quantity can be related to the health condition
of a city and, as a consequence, it helps to measure the human development of a locality
[Fischer et al. 2007]. Therefore, it is an important feature to compose the dataset obtained
in this work.

3.2. Extract, transform and load (ETL)

In Fig 1, we depict the extraction and transformation process of the data used in this work,
which was developed using Python programming language [Van Rossum et al. 1995].

In the left part of the figure, we show the extraction of the data from multiple
origins. As discussed above, while the IBGE data is extracted from the Sidra web API”
and the IPEA data is obtained through Ieadata API®, the data acquired from DATASUS is
downloaded in CSV files.

After the extraction process, the tables have been aggregated by their origins: the
first group is the data coming from IBGE, the second group is the data from IPEA and the
third one represents the public health data.

Finally, the three tables were integrated to obtain the final dataset. In this stage,
some treatment needs to be executed, due to the lack of standardization of data arriving
from different sources. It is necessary to mention that the IBGE adopts a numeric code
for each city in Brazil, which contains seven digits, the last one being a check digit. The
data coming from the DATASUS only contains six digits and, then, some transformations
needed to be done.

4. The resulting dataset

After the ETL process described in Sec. 3, we obtain a dataset aggregating statis-
tics for all Brazilian cities from 2012 to 2021. The obtained dataset has 36,315
rows and 21 columns related to socioeconomic variables. The BrStats dataset is

%(https://datasus.saude.gov.br/informacoes-de-saude-tabnet/)
https://apisidra.ibge.gov.br/
8http://www.ipeadata.gov.br/api/
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Figure 1. Process of extraction and integration to obtain the resulting dataset.

publicly available through the address https://drive.google.com/file/d/
1HBIO054CnCCAX7kzAmMEUUH20lhix2eige/view?usp=sharing.

4.1. Data dictionary

The data dictionary of the obtained dataset is represented in Table 3, in which we list the
final table columns, the corresponding data type, the unit of measurement, the maximum
and minimum values of the variables, and, finally, a synthetic description. All the vari-
ables are important indicators of socioeconomic and demographic aspects of the Brazilian
cities.

It is important to notice that the IPEA data (exports, imports, revenue, current
transfers, and capital transfers) are not available for all cities in the considered period
and, thus, the BrStats user needs to observe the possibility of using or not these data.

5. Examples and possible uses

The BrStats dataset can be used in a large number of proposes. Since the variables ex-
tracted may reflect the local culture and economy in Brazilian cities, they can be used to
perform data analysis or as features in machine learning models.

Initially, we can observe that the dataset itself has a large number of variables that
describes the socioeconomic profile of country regions. These variables can be used to
generate dashboards and statistics of the municipalities or can be used to obtain an even
larger number of consequent variables. In Fig. 2, for example, we calculated the number
of salaried workers per company for all the cities and depicted this information in a filled
map of Brazil. This information is an important signal of companies’ automation and the
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Figure 2. Filled map of the salaried workers per company in Brazil states and in
the cities of the Brazilian Northeast region.
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Figure 3. Line graph for agricultural activity in Brazil.

use of personal labor, and these data can be used, for instance, in the distribution of labor
inspections in the country.

Also based on the BrStats content, we can analyze the profile of agricultural ac-
tivity in Brazil, which is an important component of the country’s economy. In Fig 3, we
represent time series charts, respectively, for agricultural and livestock production for all
Brazilian regions. We can observe, for example, that the monetary earnings from agricul-
ture in the Midwest region have grown in past years and become the highest in Brazil. On
the other hand, the Southeast and South regions are the largest livestock producers in the
country.

In Figure 4, we represent bar graphs for GDP per working person and for mean
salary per working person in Brazilian regions in 2021. We can observe that, while the
mean salary per laborer is higher in Midwest and Southeast regions, the GDP per working
person is higher in the North and Midwest regions. We so can state that wages are lower
in the North region, but it composes a large part of the region GPD.

In addition to the examples presented, it is possible to carry out a large number of
analyses from the BrStats, which are beyond the scope of this work.
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(a) PIB por pessoal ocupado (b) Total de salarios por pessoal ocupado

Figure 4. Bar graphs for GDP per working persons and for salaries per working
person in 2021.

As discussed, the variables obtained in BrStats can be used as features in machine
learning models. Aiming to help improve the effectiveness of the public policies in Brazil,
in future contributions, we intend to use BrStats variables, together with other features, to
predict labor diseases and accidents in the country.

Given all the above, we can state that the dataset obtained in this work can be used
in a variety of projects and studies in multiple areas of knowledge which need systematic
information on Brazilian cities.

6. Challenges, limitations, and perspectives

The necessity of data extraction from multiple non-standardized sources brings some
challenges to the methodology described above, which, however, can be the subject of
future works.

Since we proposed to make available a public dataset of up-to-date features of
Brazilian cities and used data from public sources, we need the data sources to be updated
by the source institutes. This fact can be impacted in some situations, such as the COVID-
19 pandemic, during which some data had the update delayed.

Another challenge comes from the extraction process. As we used data from mul-
tiple sources and more than one method (API and CSV files), the change in the source
layout or URL can impact the initial process in the ETL. Thus, in future contributions,
we will need to observe alterations introduced by the Brazilian statistics institutes used as
sources and update the extraction of the variables.

As discussed, Brazil is a big country with many cities. This fact makes obtaining
data in some small regions very challenging. Consequently, some cities are not included
in the research by the statistical organs. This fact brings some null variables in the shared
dataset, which need to be dealt with by the users.

It is worth calling attention to the fact that this work does not exhaust the possi-
bilities of aggregation of variables for the Brazilian municipalities. On the other hand, a
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continued effort is to search for more public variables and to obtain derived features from
the ones already obtained.

7. Concluding remarks

In this work, we obtained a single dataset containing socioeconomic variables of the
Brazilian cities, coming from multiple sources and covering different areas of knowl-
edge. The problem of non-standardization of columns in the sources was treated in the
transform stage ETL, which allowed us to obtain a table with a unique key for each mu-
nicipality. The final table has data related to the economy, population, and public cities’
health.

Brazil is one of the largest countries in the world, full of socioeconomic inequal-
ities and geographic diversity in its territory. The core contribution of this work is, then,
to represent such diversity in terms of data, simplifying the data mining process for data
scientists, government, and companies.

As can be seen, the data update can be very challenging, since it depends on the
research institutes that produce and make the variables available. In the same way, the
completeness of the dataset depends on these organs. So, in possible future contributions,
it will be needed to verify the modifications in the data sources, update the values, and
seek new variables.

The effort for building a data-oriented culture is rising around the world and our
work intends, by providing an organized and systematic dataset, to encourage this culture
in Brazil.
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