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This study analyzes digital infrastructure and its economic impact in Brazil's Le-
gal Amazon relative to the rest of the country. The empirical evidence shows that
municipalities in the region have experienced substantial growth in broadband ac-
cess, mobile usage, and network availability. Econometric panel-data regressions
provide strong evidence that expanding broadband availability has significantly
contributed to GDP growth, job creation, and broader economic activity. Agricul-
ture, industry, and public administration exhibit positive and meaningful elasticities,
confirming that improved connectivity enhances productivity and strengthens gov-
ernment performance. By contrast, commerce and services show no statistically
significant effects, indicating a need for complementary digital adoption policies in
these sectors. Despite the progress achieved, results also show a persistent digital
gap between the Legal Amazon and the rest of Brazil. Given these findings, the
paper advocates for prioritizing continued investments in digital infrastructure to ac-
celerate connectivity and support sustained economic development in the region.

Keywords: Digital public infrastructure, broadband, Brazilian Legal Amazon.
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Digital infrastructure and services are critical to fostering economic development as they
correlate with increased economic activity driven by job creation, productivity, innova-
tion, and capital investment (Katz and Jung 2021). This relationship is underpinned by
the endogenous growth theory of economic development, which posits that technologi-
cal advances and investment in human capital are crucial to spurring economic growth
(for reference, see Romer 1986; Lucas 1988; and Grossman and Helpman 1991).

However, despite the potential of digital infrastructure to accelerate prosperity, a sig-
nificant portion of the global population remains offline. This digital divide is most pro-
nounced in rural and remote areas. According to ITU (2021), 72 percent of urban
households have access to the internet, compared to only 37 percent of rural house-
holds. The disparity is even more glaring in developing countries, where only 28 per-
cent of rural households have access to the internet, with the figure falling to around
6 percent in Africa (ITU 2020). Meanwhile, an estimated 77 million rural inhabitants
lack meaningful connectivity in Latin America and the Caribbean (Ziegler et al. 2020).

Several works have investigated the effects of expanding broadband connectivity on
economic growth and have made important contributions. These include Abrardi and
Sabatino 2023; Alam, Sultana, and Rayhan 2019; Atif, Endres, and Macdonald 2012;
Bagheri and Rodrigues 2017; Bojnec and Ferté 2012; Czernich et al. 2011; Edquist
2022; Freitas, Morais, and Guterres 2017; Greenstein and McDevitt 2011, 2012; Gru-
ber, Haténen, and Koutroumpis 2014; Gulati and Yates 2012; Ibrahimi and Fetai 2022;
Kabaklarli and Atasoy 2019; Katz et al. 2010; Katz and Callorda 2020; Koutroumpis
2009, 2019; Macedo and Carvalho 2013; Marcelo et al. 2016; Muente-Kunigami and
Navas-Sabater 2009; Nobre and Nobre 2019; Nutley, Davies, and Smith 2000; Pearce
and Pagano 2008; Qiang 2010; Qiang and Rossotto 2009; Scott 2012; Sosa 2014;
Sprintson and Oughton 2023; Virgili Figueras 2024; Zaballos and Lépez-Rivas 2012;
and Zhang 2021. This research is focused on one region that has historically been
neglected in economic analysis.

With this work, we seek to contribute to the discussion by reinforcing empirical evidence
for Brazil that broadband infrastructure is a critical driver of economic growth, with a
special focus on the Legal Amazon region. This comprehensive approach provides
nuanced insights into how broadband access influences economic outcomes, paving
the way for targeted policy interventions that maximize economic benefits in the re-
gion. The analysis examines the effect of broadband on eight key economic variables:
municipal GDP, total municipal value added, value added in the agricultural sector,
value added in the industrial sector, value added in the services sector, value added in
public administration services, total number of firms, and total number of formally em-
ployed individuals. Therefore, it aims to highlight the impact of broadband connectivity
on economic growth, complementing previous research by Costa and Gallo (2020);




Introduction

Freitas, Rampaso, and Morais (2018); Prado and Bauer (2021); and Schiavon and
Moreira (2022). To this end, panel data from 2007 to 2021 were analyzed for 5,570
Brazilian municipalities. The municipalities that make up the Legal Amazon region are
compared with other Brazilian municipalities to account for the changes.

Previous results indicate significant regional differentiation in the effects of broadband
connectivity. The most significant impact was observed in municipalities with high-
er per capita income and high urban concentration. This was followed by economic
zones with a greater concentration of services, commerce, and construction activities.
Impacts were also observed in municipalities linked to dynamic agricultural sectors.
In poorer municipalities, the effect of connectivity was found to be positive but less
intense compared to more developed regions.

In general, the benefits of connectivity in the Legal Amazon are positive despite the re-
gion’s economic challenges. It is important to recognize, as pointed out in the existing
literature, the existence of diminishing returns to broadband access beyond a certain
point, highlighting the need for balanced and region-specific digital infrastructure poli-
cies. In these regions, the marginal cost of expanding access poses an obstacle to the
organic increase of connectivity infrastructure.

This paper is divided into five more sections, in addition to the introduction. Section 2
presents a detailed analysis of recent trends in Brazil’'s digitalization, focusing on the
Legal Amazon region. This analysis is based on household surveys collected by the
Brazilian Institute of Geography and Statistics (IBGE) and connectivity data provided
by the National Telecommunications Agency (ANATEL), allowing the mapping of re-
cent trends in broadband and mobile telecommunications in Brazilian municipalities.
Section 3 describes the methodology and econometric analysis conducted. Section 4
discusses the findings, while Section 5 provides the concluding remarks.




Chapter 2.

THE ECONOMIC IMPACT OF
DIGITAL TRANSFORMATIONIN
BRAZIL'S LEGAL AMAZON

Connectivity growth
in Bragil's
Legal Amagon

2.1. Digitalization trends in Brazil
and the Legal Amazon: analyzing
the evidence



Connectivity growth in Brazil's Legal Amazon

The Legal Amazon is a socio-geographic region defined by Brazilian Law 1.806/1953"
(later replaced by the Law 5.173/1966%) for economic planning and promoting sustain-
able development. This region covers approximately 5 million square kilometers, rep-
resenting 59 percent of the Brazilian territory. It encompasses a variety of ecosystems,
including the Amazon rainforest, the Cerrado, and the Pantanal, making it one of the
most ecologically diverse areas in the world. The Legal Amazon covers the entirety of
nine Brazilian states® and neighboring municipalities in three states.*

Designating the Legal Amazon allows the Brazilian government to implement tailored
policies, manage natural resources, and develop infrastructure projects and economic
activities that consider the unique needs of the region’s Indigenous and local commu-
nities and its critical importance to global environmental health (Becker2007). Through
this strategic approach, the region plays a vital role in balancing development with
conservation in one of the most important ecological regions on the planet.

Digital connectivity in the Legal Amazon faces unique challenges, as it is the region with
the lowest digital densities in Brazil. Approximately 19.3 percent of the population lacks
mobile coverage,® and 11.5 percent do not use cell phones due to service unavailabili-
ty.5 Despite these shortcomings, there has been notable progress in internet access in
the region, with a 95.6 percent increase over the past decade (Carvalho et al. 2019).

A combination of technologies and policies underpins the region’s advancements in
connectivity. For example, satellite-based connectivity, leveraged by the launch of Ka-
band technology, tax reforms, and the inclusion of this technology as part of the Bra-
zilian strategy for the region, have played a crucial role in reaching the most remote
areas (Freitas, Morais, and Guterres 2017).

Another significant undertaking is the Norte Conectado project, which is part of the
broader Integrated and Sustainable Amazon Program. The program’s goal is to stimu-
late digital inclusion by deploying fiber optic cables along the main river routes, aiming
to connect 10 million people with 12,000 km of cables. To date, approximately 3.350

1 Law No. 1,806 of January 6, 1953: “Provides for the Economic Amazon Valorization
Plan: Establishes the Superintendency for its implementation and sets forth additional
provisions.” https://www.planalto.gov.br/ccivil_03/leis/1950-1969/11806.htm.

2 Law No. 5,173 of October 27, 1966: “creates the Superintendency for the Develop-
ment of the Amazon (SUDAM)”. https://www.planalto.gov.br/ccivil_03/leis/15173.htm

Acre, Amapa, Amazonas, Para, Rondbnia, and Roraima.
79 percent of Maranhao, 54 percent of Mato Grosso, and 98 percent of Tocantins.
See data at https://informacoes.anatel.gov.br/paineis/infraestrutura/cobertura-movel.

o g A~ W

See data at https://sidra.ibge.gov.br/pesquisa/pnadca/tabelas.
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km of cables have been installed in the Rio Negro and Rio Solimbes regions’” (MCOM
2025). The requirements established were speed equivalent to 4G, an adequate de-
vice that allows full internet use, broadband connection in homes and places of work
or study, and its daily use (Vieira 2024).

The Telecommunications Network Structural Plan (PERT) is a cornerstone for connec-
tivity policies in Brazil. It provides a comprehensive assessment of the availability of
broadband services in municipalities and outlines a strategy to expand access. There
is also the low-cost, low-fare connectivity model initiative, which allowed the partici-
pation of small internet service providers (ISPs) and provided high-quality, low-cost
broadband internet to underserved communities, reaching more than 54 percent of the
fixed broadband market (Freitas et al. 2024).

Finally, Brazil has engaged in a strategy to define infrastructure investment as a coun-
terpart for spectrum allocation. For example, the scope commitments outlined in the
2021 5G internet auction included investing R$3.1 billion in connecting public schools,
installing 4G service along more than 35,000 km of highways, and providing 5G ser-
vices to all 5,570 Brazilian municipalities by 2029.2 From a regulatory point of view,
substituting fines with obligations to act could be implemented within the Brazilian
telecommunications sector. This could generate positive external effects by driving in-
vestment in telecommunications infrastructure and encouraging effective distribution,
stabilization, and allocation functions (Freitas et al. 2019).

7 See data at Programa Norte Conectado. https://www.gov.br/mcom/pt-br/acesso-
a-in formacao/acoes-e-programas/programas-projetos-acoes-obras-e-atividades/
norte-conectado

8 See data at https://informacoes.anatel.gov.br/paineis/infraestrutura/cobertura-movel.
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Connectivity growth in Brazil's Legal Amazon

2.1.

Digitalization trends in
Bragil and the Legal Amagon:
analyging the evidence

This subsection discusses three primary data sources for connectivity in Brazil. The
National Household Sample Survey (PNAD) is a leading primary survey carried out by
the IBGE since 1967 to collect data on the Brazilian population in areas such as
income, education, employment, health, and the use of information and communication
technology (ICT).® Figure 2.1 highlights the PNAD ICT supplementary survey results
for 2016-2021.

= Percentage of Households with Internet Access

2017 2018 2019 2021

North ® Northeast B Southeast H South H Central-West

Source: Original for this publication, based on the IBGE PNAD."

9 See survey data at https://sidra.ibge.gov.br/pesquisa/censo-demografico/series-tem
porais/series-temporais.

10 See survey data at https://sidra.ibge.gov.br/pesquisa/censo-demografico/series-tem
porais/series-temporais.
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Between 2016 and 2021, internet access in Brazilian households increased across all
regions. Access in the North rose from 64 percent to 86 percent, while the Northeast,
starting as the lowest at 58 percent, grew to 85 percent. The Southeast region had the
highest initial access at 78 percent, reaching 93 percent by 2021. The South region’s
access increased from 73 percent to 92 percent, and the Central West region saw a
rise from 76 percent to 93 percent. The Northeast region exhibited the most significant
growth, and by 2021, the Southeast and Central-West regions had the highest internet
access rate at 93 percent.

The Tecnologias de Informagao e Comunicagéo (TIC) Household surveys", conducted
by the Brazilian Internet Steering Committee (CGl.br) in Brazil, are pivotal in providing
updated references on the access and usage of digital technology across Brazilian
society. These surveys cover a wide range of consumers, including households, busi-
nesses, and schools, providing critical data that shape public policy and inform Brazilian
society and decision-makers on technology trends and usage. The data also highlight
disparities in ICT access, support digital inclusion efforts, and offer insights into the
socioeconomic impacts of digitalization. By including questions on various topics, such
as device ownership and digital services, and examining the uptake of emerging tech-
nologies, the surveys provide a comprehensive view of the digital landscape, helping to
identify underrepresented areas and inform initiatives to bridge the digital divide.

Figure 2.2 highlights the results of the TIC Households Survey data from 2015 to 2022
and reveals a significant increase in internet access among households in Brazil’'s
North region, with connectivity rising from 46.4 percent in 2015 to a peak of 81.4 per-
cent by 20202 (CETIC 2023). Although the survey covers a more extensive period,
it reinforces the results of the research carried out by the IBGE’'s PNAD. This growth
reflects substantial improvements in digital infrastructure and efforts to close the digital
divide. Despite this progress, there was a slight decline to 75.6 percent by 2022, hinting
at regional disparities or potential challenges in sustaining access. Nonetheless, the
overall trend shows notable advances in digital inclusion, although the North region still
somewhat lags behind more connected areas like the Southeast and South as of 2022.

11 See survey data at https://www.cetic.br/en/pesquisa/domicilios/indicadores/
12 See survey data at https://www.cetic.br/en/tics/domicilios/2024/domicilios/
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Connectivity growth in Brazil's Legal Amazon

= Percentage of Households with Internet Access

2015

2016 2017 2018 2019 2020 2021 2022

Central-West ® Northeast H North B Southeast ® South

Source: Original for this publication, based on TIC Households 2023.

Notwithstanding the different methodologies, the references provided by CETIC are
closely aligned with those published by the IBGE. This reflects consistency in the data
regarding internet access across Brazil.

Regarding connectivity distribution by income range, the TIC Household Survey data
from 2015 to 2022 indicates a substantial increase in internet access across all income
levels in Brazil (figure 2.3), with the most notable improvements in the lower-income
groups (TIC Households 2023). In 2015, only 29.1 percent of households earning up to
one minimum salary had internet access, in stark contrast to the 96.6 percent access
rate among households earning more than ten minimum salaries. By 2022, internet
access for the lowest income group rose to 67.4 percent, while the highest income
group saw a slight increase to 97.2 percent. The survey highlights the strides made in
digital inclusion while noting the remaining disparity in access between income levels,
emphasizing the need for continued investment in digital infrastructure to ensure equi-
table internet connectivity for all Brazilians.
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Digital connectivity in the Legal
Amagon faces unique challenges, as
it is the region with the lowest digital
densities in Bragil. Approximately
19.3% of the population lacks mobile
coverage (ANATEL, 2024).



FIGURE 2.3.
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= Percentage of Households with Internet Access by Income Range

2015

2016 2017 2018 2019 2020 2021 2022

Upto 1 MS ® More than 1 MS up to 2 MS ® More than 2 MS up to 3 MS
® More than 3 MS upto 5MS ® More than 5 MS up to 10 MS  ® More than 10 MS

Source: Original for this publication, based on TIC Households 2023.
Note: MS = minimum salary.

Finally, the data collected by ANATEL completes the framework of relevant data-
sets about digital connectivity and services in Brazil. ANATEL has kept a detailed
database on the number of broadband connections, coverage, and density per 100
households in Brazilian municipalities, which has been tracked monthly since March
2007." Figure 2.4 highlights the broadband density in Brazilian municipalities be-
tween 2012 and 2024.

Density refers to the number of active users per household in each municipality. This
metric is essential for understanding how widespread mobile usage is within various
Brazilian regions and indicates the connectivity level. In 2012, the average broad-
band density was a modest 3.46, with a median of 2.02, suggesting early stages of
development. By 2024, these figures had more than quadrupled, with the mean at
15.79 and the median at 13.57, reflecting a marked rise in the availability and use of
broadband services.

13 See data at https://informacoes.anatel.gov.br/paineis/infraestrutura/cobertura-movel.
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FIGURE 2.4. = Evolution of Broadband Access in Brazil’s Municipalities, 2012-2024
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Source: Original for this publication, based on ANATEL 2024.

Figure 2.5 shows Brazil's broadband connectivity density trends from 2007 to 2024.
Despite overall growth, municipalities in the Legal Amazon region display a lower
growth rate than the national average.
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FIGURE 2.5. = Comparing the Evolution of Broadband Access in Brazil and Legal Amazon
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Source: Original for this publication, based on ANATEL 2024.

Both regions have experienced significant growth in broadband access over the peri-
od, but the magnitude and speed of this growth vary substantially. The mean broad-
band density in the Legal Amazon was 0.47 per 100 inhabitants in 2007, reflecting this
region’s early stages of broadband penetration, but it has increased steadily, reaching
8.60 by 2024. The median broadband density followed a similar upward trend, starting
at 0.09 in 2007 and rising to 5.73 in 2024. The consistent growth over time indicates
ongoing efforts to expand digital access in the Legal Amazon, although the region still
lags behind other non-Amazon municipalities. The lower median values compared to
the mean suggest that broadband access is still unevenly distributed, with some mu-
nicipalities significantly less connected than others. This could be due to the unique
challenges of extending infrastructure in the Legal Amazon, such as the dimension of
its territory, difficult-to-navigate terrain, and lower population density.

The connectivity gap is also evident within the Legal Amazon region. Between 2012
and 2024, the distribution of broadband density across the region has undergone a re-
markable transformation, reflecting substantial improvements in digital infrastructure,
as presented in figure 2.6. In 2012, the 25th percentile of broadband density was just
0.28, indicating that a quarter of the municipalities had limited access to broadband
services. By contrast, in 2024, the 25th percentile had risen to 2.39, suggesting that
even the least connected municipalities have seen noticeable improvements in broad-
band access.

18



FIGURE 2.6.

Connectivity growth in Brazil's Legal Amazon

Similarly, the connectivity in the 75th percentile increased from 1.90 in 2012 to 12.13
access in 2024. This shift indicates a broader enhancement in digital infrastructure,
with most municipalities now enjoying much higher connectivity levels than a decade
earlier. The 90th percentile, reflecting the top 10 percent of municipalities, shows even
more striking differences. In 2012, the 90th percentile was at 3.70, which increased to
19.81 by 2024. This substantial rise indicates that the most connected municipalities
in the Legal Amazon have made dramatic strides in broadband density, benefiting from
advanced digital infrastructure and higher internet penetration. The darkest areas in
the southern part of the region also suggest a potential neighboring effect of connec-
tivity. Incentives to leverage investments from these regions toward less connected
areas might help narrow the connectivity gap.
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Source: Original for this publication, based on ANATEL 2024.
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Overall, the data from 2012 to 2024 underscore a significant reduction in the digital
divide within the Legal Amazon. While disparities in broadband density remain, with
some municipalities still lagging, the overall trend shows a notable narrowing of the
gap, with more municipalities achieving higher connectivity levels. This progress re-
flects the impact of sustained investments in digital infrastructure, which have elevated
the standard of broadband access across the region.

Figure 2.7 provides insights into mobile data services in Brazilian municipalities. These
data cover the density of mobile access by households across different municipalities,
measured monthly and yearly. ANATEL offers preliminary analyses of these data, which
can be accessed through their microdata download site. These analyses provide a broad
overview of mobile service penetration across the country, measured per 100 inhabitants.

FIGURE 2.7.
Municipalities, 2012-2024
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14 See data at https://informacoes.anatel.gov.br/paineis/infraestrutura/cobertura-movel.
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FIGURE 2.8.
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Connectivity growth in Brazil's Legal Amazon

Figure 2.8 illustrates that between 2019 and 2024, the availability of mobile services—
measured by mobile density per 100 inhabitants—exhibited distinct trends in the Legal
Amazon when compared to other municipalities in Brazil, with notable differences in
the pace and magnitude of change. In the Legal Amazon, the mean mobile density
was 54.27 in 2019, with a median of 48.36, indicating moderate levels of mobile ser-
vice availability at that time.

= Comparing the Evolution of Mobile Access in Brazil and the Legal Amazon,
2019-2024

2020 2021 2022 2023 2024

Statistics — Mean - Legal Amazon —  Mean - Other Municipalities ----- Median - Legal Amazon -----

Source: Original for this publication, based on ANATEL data.

A slight decline occurred in 2020, with the mean dropping to 52.41 and the median to
47.24, possibly due to challenges in maintaining or expanding mobile infrastructure
during that period. There has been a period of recovery from 2021 onward, with mean
density reaching 72.45 and the median reaching 70.94 by 2024, reflecting a robust
improvement in mobile service availability across the region.

In contrast, other non-Amazon municipalities displayed higher levels of mobile density
throughout this period. In 2019, the mean mobile phone density was 66.20, with a me-
dian of 66.08, establishing a higher baseline than the Legal Amazon. Although there
was a slight reduction in 2020, similar to the trend observed in the Legal Amazon, it
quickly rebounded by 2024, with the mean density rising to 85.00 and the median to
85.98. These figures indicate that while the Legal Amazon has made considerable
progress in improving mobile phone availability, other municipalities in Brazil have
maintained a higher and more consistent level of mobile connectivity.
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Connectivity growth in Brazil's Legal Amazon

The differing trends highlight a persistent disparity in connectivity between the Legal
Amazon and other parts of the country. Although the Legal Amazon has made strides
in closing the gap, particularly in recent years, it continues to lag behind the average of
other municipalities, reflecting its unique challenges regarding geography, infrastruc-
ture, and resource allocation. Despite these challenges, the overall improvement in
mobile density across both regions is a positive indication of increasing digital inclu-
sion and connectivity throughout Brazil.
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Empirical Strategy

To reach the objectives of the study, we employ a panel data regression model'® using
municipal data to measure the impact of growth in broadband connectivity on eco-
nomic activity in Brazil, with a particular focus on the municipalities within the Legal
Amazon. The dependent variables analyzed are: municipality GDP, total value added,
value added for the agricultural sector, value added for the industrial sector, value add-
ed for the services sector, value added for public administration services, total number
of companies, and total number of formally employed individuals. All dependent vari-
ables were estimated individually against a set of explanatory variables. The primary
sources of information for the dependent variables are the IBGE and the Annual Social
Information Report or Relagdo Anual de Informagbes Sociais (RAIS).

The IBGE provides detailed data on municipality GDP,'® segmented by sectors such
as agriculture, industry, and services. The most recent year available at the time of
research was 2021. This segmentation highlights regional economic strengths and
dynamics, enabling policy makers and businesses to identify local drivers of growth
and develop targeted strategies for balanced regional development.

The RAIS is provided by Brazil's Ministry of Labor. The primary purpose of the RAIS is
to monitor labor market trends, inform public policies, and support the administration of
labor rights and benefits, such as unemployment insurance. RAIS data are crucial for
understanding Brazil’s labor market dynamics and ensuring workers’ rights are upheld
through accurate and up-to-date employment records. Figures 3.1 and 3.2 present the
spatial evolution of the number of companies and active formal jobs for Brazil and the
Legal Amazon municipalities, according to the RAIS.

Using these diverse dependent variables enables a comprehensive analysis of the
economic impact of broadband connectivity. The study captures a broad spectrum
of economic outcomes by incorporating aggregate macroeconomic indicators, such
as GDP and its sectoral components, and aggregate labor market metrics from the
RAIS, such as total employment and the number of firms. This approach is particularly
valuable in the context of the Legal Amazon, where the economic structure is diverse,
and connectivity may have varied impacts across sectors. Utilizing data from both the
IBGE and the RAIS allows the study to examine how broadband expansion influences
overall economic growth, sectoral composition, and labor market dynamics, providing
a nuanced understanding of the digital infrastructure’s role in regional development.

15 As described in Cameron and Trivedi (2005), and Wooldridge (2005, 2019).

16 For more information, access https://www.ibge.gov.br/en/statistics/economic/nation-
al-accounts/19567-gross-domestic-product-of-municipalities.html?lang=en-GB.

24


https://www.ibge.gov.br/en/statistics/economic/national-accounts/19567-gross-domestic-product-of-municipalities.html?lang=en-GB
https://www.ibge.gov.br/en/statistics/economic/national-accounts/19567-gross-domestic-product-of-municipalities.html?lang=en-GB

Empirical Strategy

FIGURE 3.1. = Evolution of the Number of Companies in Brazil’s Municipalities, 2010-2022
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Source: Original for this publication, based on RAIS'” and MTE."®

17 See data at https://www.gov.br/trabalho-e-emprego/pt-br/assuntos/estatisticas-tra-
balho/microdados-rais-e-caged

18 See data at https://www.gov.br/trabalho-e-emprego/pt-br/acesso-a-informacao/da-
dos-abertos
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GURE 3.2.
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Broadband access density in each municipality served as the treatment variable for
the period from 2007 to 2021 for each of the eight estimated equations, as previously
described. Two thousand and twenty-one was the last year in the sample due to the

availability of municipality GDP data from the IBGE.

To estimate causality and identify observable variables (Angrist and Pischke 2009), we
employed proxy variables as covariates to capture other factors impacting economic
activity. The covariates employed in our exercise include:

19
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See data at https://www.gov.br/trabalho-e-emprego/pt-br/acesso-a-informacao/da-
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o Total transfers to families in each municipality under the Bolsa Familia

21

22

program. The Bolsa Familia program is a social welfare initiative in Brazil that
provides financial assistance to low-income families (Soares, Ribas, and Osério
2010). Launched in 2003, the program’s primary objective is to reduce poverty
and improve access to education and healthcare among the most vulnerable pop-
ulations. Bolsa Familia operates on a system of conditional cash transfers, where
families receive monthly payments contingent on meeting specific conditions.
These conditions include ensuring that children attend school regularly and partic-
ipate in essential health activities such as vaccinations and routine check-ups. By
linking financial support to these conditions, the program aims to break the cycle of
poverty by investing in the health and education of future generations.

The program targets families living in extreme poverty, defined by an income be-
low a certain threshold. It prioritizes households with pregnant women, children,
or adolescents, recognizing that these groups are particularly vulnerable. Bolsa
Familia has been credited with significantly reducing poverty and inequality in
Brazil. Moreover, it has improved health and educational outcomes for millions
of children, contributing to broader social inclusion and economic development.
Bolsa Familia has become a cornerstone of Brazil’'s social policy, influencing
similar initiatives in other countries and serving as a model for addressing pover-
ty and social inequality through targeted cash transfers.

Number of households with access to piped water, according to the Na-
tional Sanitation Information System?'. The Sistema Nacional de Informagbes
sobre Saneamento (SNIS), or National Sanitation Information System, is a com-
prehensive database managed by the Brazilian government that collects, ana-
lyzes, and disseminates data related to sanitation services across the country.?
Established to support the formulation of public policies, the SNIS provides vital
information on water supply, sewage collection and treatment, solid waste man-
agement, and rainwater drainage systems.

By compiling data from municipalities and service providers, the system enables gov-
ernment agencies, researchers, and policy makers to monitor sanitation service perfor-
mance, identify gaps, and plan infrastructure and service delivery improvements. The
SNIS is crucial in advancing Brazil's efforts to ensure universal access to adequate
sanitation, contributing to public health, environmental protection, and social equity.

See https://www.gov.br/cidades/pt-br/acesso-a-informacao/acoes-e-programas/sane-
amento/snis, for more information.

See database at https://app4.cidades.gov.br/serieHistorica/
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e Total annual transfers under the Municipalities Participation Fund (Na-
tional Treasury Secretariat 2024). The Fundo de Participagdo dos Municipios
(FPM), or Municipalities Participation Fund, is a financial mechanism in Brazil
designed to support municipalities’ budgetary needs by redistributing feder-
al tax revenues. Established by the Brazilian Constitution, the FPM allocates
funds collected from federal taxes such as income tax (IR) and the industri-
alized products tax (IPI) to municipalities based on specific criteria, including
population size and per capita income.

This redistribution aims to reduce regional inequalities and ensure smaller, less
economically developed municipalities have the financial resources necessary
to provide essential public services, such as healthcare, education, and infra-
structure development. The FPM is a vital source of income for many Brazilian
municipalities, particularly those with limited revenue-generating capacity. It is
a cornerstone of local government financing and a key tool for promoting bal-
anced regional development across the country.

Q Total annual transfers to municipalities due to the share of state taxes. The
cota dos municipios refers to the share of revenue that Brazilian municipalities re-
ceive from two significant state-level taxes: the Motor Vehicle Property Tax (IPVA)
and the Tax on the Circulation of Goods and Services (ICMS). For the IPVA, an
annual tax on motor vehicles, municipalities are entitled to 50 percent of the total
revenue collected within their jurisdiction, providing an essential source of income
for local services such as road maintenance, healthcare, and education.

In the case of the ICMS, municipalities receive 25 percent of the total revenue
collected by the state, with the distribution among municipalities based on factors
like economic activity, production, and sometimes environmental performance.
These allocations from the IPVA and the ICMS form a critical part of the financial
resources available to Brazilian municipalities, enabling them to fund essential
public services and infrastructure, thereby contributing to local economic devel-
opment and the well-being of their populations.

G Municipalities’ total annual tax revenues. Municipalities in Brazil have their
sources of tax revenue, which are crucial for funding local services and infra-
structure. The primary self-sourced taxes include the Urban Property Tax (IPTU),
which is levied on real estate properties within the municipality; the Service Tax
(ISS), which is applied to the provision of services; and the Tax on the Transfer of
Real Estate (ITBI), which is charged on the sale or transfer of real estate proper-
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ties. These taxes are directly administered by the municipalities, providing them
with significant financial autonomy and the ability to address local needs through
the revenue generated from these sources.

o Average municipality grades in the Basic Education Evaluation System. The
Sistema de Avaliagdo da Educacgéo Basica (SAEB), or Basic Education Evaluation
System, is a large-scale assessment program in Brazil designed to evaluate the
quality of education in the country’s public and private schools. Administered by
the National Institute for Educational Studies and Research (INEP), Saeb con-
ducts standardized tests in key subjects, specifically mathematics and Portuguese
language, for students in various grades, particularly in the fifth and ninth years of
elementary school and the third year of high school. These exams are conducted
every two years, providing a periodic assessment of student performance.

The data from these biennial assessments can be interpolated to obtain yearly
grades, allowing for the monitoring of educational progress on an annual basis.
The results of these exams provide crucial data, helping educators, policy mak-
ers, and the public to understand the education system’s effectiveness, identify
areas needing improvement, and guide the development of policies and initiatives
to enhance the quality of education across Brazil. SAEB is a critical tool for en-
suring all students access high-quality education and tracking progress over time.

The explanatory variables attempt to capture the effects of education, basic infrastruc-
ture, and government expenditure on yearly economic growth. In addition to these
variables, the estimated equations also include the annual total population in each
municipality, the lagged values of the dependent variable, and lagged values for the
number of companies and the number of active formal jobs.? Municipality GDP lags
were used as an additional regressor for the equations where the number of compa-
nies or jobs is the dependent variable.

Fixed variables in time and municipalities were included to account for idiosyncratic
terms. Panel models are designed to account for unobserved heterogeneity across
municipalities by controlling for time-invariant characteristics, which allowed to focus
on the dynamic aspects of the data. By incorporating lagged variables the model
effectively captures the temporal effects and the evolution of economic growth, infra-
structure, and labor market conditions while controlling for unique, unobserved char-

23 See data at https://www.gov.br/trabalho-e-emprego/pt-br/assuntos/estatisticas-tra-
balho/microdados-rais-e-caged
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acteristics of each municipality that remain constant over time. The inclusion of year
effects allowed to capture remaining time idiosyncratic effects.The variables identi-
fication strategy relies on the Conditional Independence Assumption (CIA) (Angrist
and Pischke, 2009). This assumption states that, once we control for a sufficiently
rich set of observable characteristics, the expansion of broadband within a munici-
pality is conditionally exogenous with respect to its potential economic outcomes. In
practical terms, after conditioning on covariates related to local public finance, infra-
structure, social welfare, and education, broadband deployment can be treated as
as-good-as-random across municipalities.

To reinforce this strategy, we estimate two-way fixed effects panel models. Municipality
fixed effects capture time-invariant unobserved heterogeneity—such as geography,
historical development patterns, or stable institutional characteristics—while year fixed
effects absorb common macroeconomic shocks and federal policy changes. Com-
bined with the extensive set of time-varying covariates, this specification mitigates
many potential sources of omitted variable bias.

A causal interpretation of the estimates still requires that no municipality-specific,
time-varying unobservables are jointly correlated with broadband rollout and econom-
ic performance. While this condition cannot be fully verified, the research design sub-
stantially increases the credibility of the causal estimates relative to simpler cross-sec-
tional approaches.
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Table 3.1 provides descriptive statistics for both dependent and explanatory variables
from various sources for 2021.

TABLE 3.1. m Descriptive Statistics for the year 2021

Variable Nuila (.)f Star}da‘rd Median Minimum | 1st Quartile 3rd Quartile Maximum
Observations Deviation

Annual average broadband density 5567 10.97 9.48 8.54 0.10 3.41 16.32 162.49
access (per 100 households)
Annual average mobile phone density 5567 78.00 27.98 77.40 1.35 59.60 93.48 319.29
access (per 100 households)
Municipality Gross Domestic Product 5567 1,618,262 13,778,292 253,222 18,051 112,527 680,087 828,980,608
(GDP) in current prices (R$ thousands)
Municipality total net taxes in current 5567 233,089 2,696,862 15,045 434 5,125 56,221 168,184,028
prices (R$ thousands)
Value added (total) in current prices 5567 1,385,174 11,157,123 238,005 17,617 106,875 618,666 660,796,580
(R$ thousands)
Value added in agriculture in current 5567 106,159 239,240 43,542 22 16,746 104,008 5,004,239
prices (R$ thousands)
Value added in industry in current prices 5567 358,201 2,117,083 17,544 560 5,133 105,749 65,616,073
(R$ thousands)
Value added in services in current 5567 702,084 8,356,565 65,007 2,713 25,523 207,094 549,767,395
prices (R$ thousands)
Value added in public administration in 5567 218,730 1,935,748 61,852 8,461 32,701 134,053 116,809,198
current prices (R$ thousands)
Population 5567 38,287 224,342 11,733 771 5,455 25,761 12,396,372
FPM share quota (R$ thousands) 5542 25,306 43,724 15,901 - 11,554 25,906 1,216,019
Family allowance (Bolsa Familia) (R$) 5567 573 2,036 216 1 77 575 97,056
ICMS and IPVA quota (R$ thousands) 5530 33,265 200,952 8,413 - 4,513 18,893 12,262,212
Number of companies in the municipality 5567 1,521 13,979 290 1 131 779 904,853
Total active jobs in the municipality 5567 8,749 83,602 1,250 7 560 3,450 5,076,570
Population served with water 5309 33,302 225,939 7,254 - 3,357 18,311 12,396,372
Municipality own gross revenues (R$ 5550 1,326,992 9,915,166 395,472 23,634 234,942 804,859 616,604,145
thousands)
Average SAEB math score 5563 237.91 21.20 239.30 159.27 223.63 252.93 356.95
Average SAEB Portuguese score 5563 234.29 21.02 236.63 141.93 221.26 249.42 309.99

Source: Original for this publication, based on public information from official sources.

Note: GDP = gross domestic product; ICMS = Tax on the Circulation of Goods and Services;
IPVA = Motor Vehicle Property Tax; SAEB = Basic Education Evaluation System. The
dataset consists of a balanced panel of 5,506 municipalities spanning the period from 2007
to 2021. Municipalities without full data availability were excluded from the dataset.
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TABLE 4.1.

Estimates of Economic impact of the Connectivity in the Legal Amazons

This section presents the results of the econometric analysis of broadband connectiv-
ity and its impact on economic activity in the municipalities of Brazil’s Legal Amazon.
A consolidated econometric selection procedure was employed, and the main results
are summarized in Table 4.1.

m Specification Tests

Breusch-Pagan Hausman Test Hausman Test Hausman Test for
Dependent Variable in the Panel Test for Pooling for Random vs. for Pooling vs. Fixed Effect Model
Regression Equation vs. Random Fixed Effects Fixed Effect With vs. Without
Effects (A) Model (B) Model (C) Time Effect (D)
Municipality GDP 0.534199 0.000000 0.000000 0.000000
Municipality Total Added Value (AV) 0.431627 0.000000 0.000000 0.000000
AV — Agriculture and livestock 0.000000 0.000000 0.000000 0.000000
AV — Industry 0.010614 0.000000 0.000000 0.000000
AV — Commerce and Services 0.018584 0.000000 0.000000 0.000000
AV - Public Sector 0.000000 0.000000 0.000000 0.000000
Number of Companies 0.000000 0.000000 0.000000 0.000000
Number of Formal Jobs 0.000000 0.000000 0.000000 0.000000

Source: Prepared by the authors.
Notes: The table presents the p-values for each test.

The analysis began with pooled ordinary least squares (OLS) regressions. To deter-
mine whether unobserved heterogeneity across municipalities required a panel speci-
fication, we applied the Breusch—Pagan Lagrange Multiplier test (Breusch and Pagan,
1980) (column A). This test evaluates whether the variance of unobserved individ-
ual-specific effects differs significantly from zero; the null hypothesis states that the
variance of the random effects equals zero (i.e., pooled OLS is appropriate).

For several of the estimated equations—each with different dependent variables—the
test rejected the null hypothesis, indicating that unobserved heterogeneity across mu-
nicipalities could not be ignored. This result justified the use of panel models with idio-
syncratic effects. In the second step, we selected between random effects (RE) (col-
umn B) and fixed effects (FE) specifications (column C). The conventional test used
in this context is the Hausman test (Hausman, 1978; Wooldridge, 2010), whose null
hypothesis is that the RE estimator is consistent and efficient. Across all eight depen-
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dent variables, the test consistently rejected the null, indicating correlation between
unobserved municipality characteristics and the explanatory variables. Therefore, the
FE estimator was selected.

Finally, to assess whether temporal idiosyncratic effects (such as national economic
cycles, policy changes, or macroeconomic crises) should be explicitly modeled (col-
umn D), even after including all control and lagged variables, we compared FE spec-
ifications with and without year fixed effects. A second Hausman-type test evaluated
whether including time effects systematically altered coefficient estimates. The test re-
sults confirmed that models with both municipality and year fixed effects were superior.
This specification ensures that the estimated coefficients capture within-municipality
variation over time while accounting for period-specific common shocks.

Based on this sequence of tests, the final specification is a two-way fixed effects panel
regression. All dependent variables were estimated in log—log form, meaning that the co-
efficients represent elasticities of economic outcomes with respect to broadband density.
The main treatment variables are broadband density and the interaction between broad-
band density and a Legal Amazon dummy. Together, these treatment variables capture
the differential impact of connectivity expansion in the region relative to the rest of Brazil.

The estimation results, summarized in Table 4.2, provide robust evidence that broad-
band expansion has a significant and positive effect on multiple dimensions of eco-
nomic activity in the Legal Amazon. In nearly all specifications, the interaction co-
efficient between broadband density and the Legal Amazon dummy is statistically
significant at the 1% level, underscoring the consistency of the findings. The coeffi-
cient estimates reported below are interpreted as elasticities, given the log—log form
of the regression equations.
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TABLE 4.2.

Dependent Variable in the

Estimates of Economic impact of the Connectivity in the Legal Amazons

= Econometric Results

Estimates for the Effect of Broadband Density in Legal Amazon Municipalities

Panel Regression Equation

Coefficient Standard Error P-Value Standard Error P-Value
(non-robust) (non-robust) (cluster-robust) (cluster-robust)

Municipality GDP 0.007948 ** 0.001579 0.000000 0.002162 0.000236
Municipality Total Added Value (AV) 0.008687 ** 0.001593 0.000000 0.002214 0.000087
AV —Agriculture and livestock 0.011328 ** 0.003150 0.000322 0.004189 0.006847
AV — Industry 0.011110 * 0.003801 0.003464 0.004889 0.023069
AV — Commerce and Services 0.001271 0.001471 0.387607 0.001935 0.511340
AV — Public Sector 0.009954 ** 0.000594 0.000000 0.000887 0.000000
Number of Companies 0.006769 ** 0.001117 0.000000 0.001742 0.000102
Number of Formal Jobs 0.018436 ** 0.002491 0.000000 0.005182 0.000374

Source: Original for this publication.

Notes: (*) and (**) Statistically significant at 5 percent and 1 level, respectively. All eight
specifications exhibit high joint significance, with F-statistics consistently exceeding
1,000 (p < 0.001). Standard errors as well as the p-values for both simple as well as
robust estimators for the covariance matrix of the estimated coefficients. The conclusions
remain the same for both versions of p-values. The explanatory power, measured by R?,
is satisfactory, ranging from 17.5% for the number of formal jobs to 60.6% for the public
sector’s value added. The Residual Standard Error indicates that the average prediction
error ranges from approximately 4.7% to 32.3%.

At the aggregate level, the results indicate that a 10% increase in broadband availabili-
ty is associated with an almost 0.1% rise in both municipal GDP and total value added.
This suggests that even modest improvements in connectivity can generate measur-
able gains in local economic activity. Importantly, in municipalities with particularly low
initial levels of connectivity, the gains are magnified: doubling broadband density is
estimated to increase economic activity by nearly 1%.

Employment outcomes exhibit the strongest effects. A 10% increase in broadband den-
sity is linked to a 0.18% increase in the number of formal jobs. Similarly, the number of
companies rises significantly with greater connectivity, reflecting the role of broadband
in reducing transaction costs, improving access to information, and enabling entrepre-
neurship. These findings highlight broadband expansion as a driver of labor market
dynamism in the Legal Amazon.
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Sectoral results are also informative. Both agriculture and industry display positive and
significant elasticities, with broadband expansion associated with more than a 0.1%
increase in value added for each sector. These results underscore the relevance of
connectivity not only for high-tech or service-based industries but also for primary and
secondary sectors, which remain central to the Amazonian economy. By contrast, no
significant effect is observed for commerce and services, suggesting that many activi-
ties in this sector in the Legal Amazon remain less broadband-intensive, at least within
the period covered by the study.

In the public administration sector, broadband density has a clear and positive effect,
with a 10% increase in access corresponding to a nearly 0.1% increase in sectoral
value added. This result indicates that connectivity also enhances the provision of gov-
ernment services and the functioning of local administrations, with potential spillovers
to governance and public policy effectiveness.

By its turn, the absence of a significant impact in commerce and services points to the
need for complementary policies that foster digital adoption in this sector, such as train-
ing programs, incentives for digital entrepreneurship, and the development of broad-
band-intensive business models. Moreover, the results underline that the benefits of
connectivity are particularly pronounced in less developed municipalities, where the
marginal gains from expanding broadband infrastructure are greatest. Overall, these
results confirm that the expansion of broadband connectivity is not only correlated with
but contributes causally to economic development in the Legal Amazon. The findings
suggest that connectivity enables local firms to integrate more effectively into broader
markets, facilitates productivity gains in agriculture and industry, and generates new em-
ployment opportunities. They also highlight that broadband access improves the func-
tioning of local governments, reinforcing the multifaceted role of digital infrastructure.

The coefficients estimated for the Legal Amazon are broadly consistent with, though
slightly lower than, the elasticities reported in the reviewed international studies. For
instance, Koutroumpis (2009) and Czernich et al. (2011) find that broadband pene-
tration contributes between 0.2 and 0.3 percentage points to GDP growth in Euro-
pean economies, while Katz et al. (2010) report similar magnitudes for Latin Ameri-
ca. Greenstein and McDevitt (2011, 2012) estimate that broadband expansion in the
United States generated GDP effects in the range of 0.2-0.25 percent per 10 percent
increase in penetration. The somewhat smaller coefficients observed in the Legal
Amazon likely reflect structural constraints—such as limited market size, lower digital
intensity of production, and infrastructural bottlenecks—that attenuate the immediate
productivity gains from connectivity.
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Sectoral results in the Legal Amazon also agree in the signals and partially diverge
in impact patterns documented elsewhere. The positive and significant coefficients
for agriculture, livestock, and industry (above 0.1 percent added value per 10 percent
broadband increase) align with findings by Bojnec and Fert6 (2012) and Marcelo et al.
(2016), who highlight the role of ICT in modernizing primary and industrial production.
However, the absence of significant effects in commerce and services contrasts with
evidence from Katz and Callorda (2020) and Virgili Figueras (2024), where service
sectors typically exhibit stronger responsiveness to digital infrastructure. This discrep-
ancy can be explained by the composition of services in the Legal Amazon, which are
less broadband-intensive (e.g., retail trade, basic local services) compared to knowl-
edge-based or financial services in more urbanized economies. Similarly, the limited
impact on the public sector echoes Nutley, Davies, and Smith (2000) and Edquist
(2022), who emphasize that incomplete digital transformation in government institu-
tions constrains the efficiency gains from connectivity.

Taken together, the Legal Amazon coefficients may represent a conservative lower
bound relative to international benchmarks. Future research should therefore refine
identification strategies and explore heterogeneity across sectors, while policy should
prioritize targeted digital investments in agriculture, industry, and public administration
to maximize the transformative impact of connectivity in the Legal Amazon.

Studies employing instrumental variable strategies—such as terrain-based cost indi-
ces (Sprintson and Oughton 2023) or historical infrastructure path dependence (Atif,
Endres, and Macdonald 2012)—often uncover larger causal effects, indicating that
endogeneity may bias current estimates downward. In this same line inclusion of spe-
cial analysis would provide further evidences of neighboring effects across the region.
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Designing public policy based on the connectivity and meaningful connectivity to the Legal Amazon

The digital transformation journey in the Legal Amazon region is crucial for fostering
sustainable development and improving the quality of life for its inhabitants. Poli-
cies and financing mechanisms oriented toward fostering the region’s digital trans-
formation journey are paramount, as they ensure the necessary infrastructure and
resources are available to support widespread connectivity. Investments should be
directed toward building robust digital networks, enhancing technological capabili-
ties, and providing training and education to local populations. By securing adequate
funding, policy makers can lay the foundation for a digitally inclusive society that
leverages technology to address regional challenges and opportunities.

Creating incentives to narrow the connectivity gap is essential for achieving equitable
access to digital services. Policy makers should consider implementing subsidies,
tax breaks, and public-private partnerships to encourage investment in underserved
areas. Additionally, fostering competition among service providers can drive innova-
tion and reduce costs, making connectivity more affordable for all. These incentives
bridge the digital divide and stimulate economic growth by enabling new business
opportunities and improving access to education and healthcare.

Attaching connectivity to the environmental assets of the Legal Amazon region can
amplify the benefits of digital transformation. Applications that leverage connectivity
for environmental monitoring, sustainable resource management, and biodiversity con-
servation can create significant multipliers. For instance, real-time data collection and
analysis can enhance efforts to combat deforestation and illegal logging. By integrating
digital solutions with environmental initiatives, policy makers can promote sustainable
development while preserving the unique ecological heritage of the Legal Amazon.

Finally, promoting meaningful connectivity goes beyond mere access to the internet
as it encompasses the quality and relevance of digital interactions. Accelerating dig-
ital ID projects for people and land property can streamline administrative processes
and enhance governance. These initiatives improve service delivery and empower
citizens by providing secure and verifiable identities. Furthermore, meaningful con-
nectivity supports environmental protection practices by enabling better coordination
and communication among stakeholders involved in conservation efforts.

41



Chapter 6.

THE ECONOMIC IMPACT OF
DIGITAL TRANSFORMATIONIN
BRAZIL'S LEGAL AMAZON

Conclusion



Conclusion

The present work analyzed recent trends in the availability and usage of telecommu-
nications products in the Legal Amazon compared to the rest of Brazil. To do so, it
considered information from all Brazilian municipalities from 2007 to 2021 to estimate
an econometric model of panel data.

Broadband and mobile densities in the Legal Amazon have seen marked improve-
ments over the past two decades, signaling ongoing efforts to enhance connectivity
in one of Brazil's most challenging regions. However, the results show that although
significant strides have been made in digital inclusion, the gap between this region
and the rest of the country persists, considering the growth in broadband and mobile
access over the time period.

The Legal Amazon has witnessed consistent growth in broadband access, with mean
broadband density rising steadily as infrastructure investments have begun to take ef-
fect. However, the region still lags in mean and average broadband density compared
to other Brazilian municipalities, reflecting the broader challenge of extending digital
infrastructure across its vast and remote areas. Similarly, mobile access in the Legal
Amazon has shown considerable improvement, particularly in recent years, with signif-
icant increases in mean and median densities. Despite this progress, the region’s mo-
bile density remains lower than other parts of Brazil, where access is more widespread
and consistently higher. This disparity underscores the need for targeted investments
to bridge the technology access gap further.
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Conclusion

Policy efforts should be stepped up in existing initiatives that promote increased con-
nectivity in the Legal Amazon. These include continuing with infrastructure expansion
efforts, initiatives such as the Integrated and Sustainable Amazon Program, and en-
forcing obligation to do regulatory sanctions for concessionaires who fail to comply
with the goals set in the 2021 5G auction.

The expansion of connectivity, together with the state modernization efforts, could
continue to promote increased access to public services in a variety of areas, such
as healthcare, with the possibility of scheduling medical appointments; economics,
through teleworking; public safety, with consultation of legal proceedings; and educa-
tion, with the opportunity to take courses online. These possibilities tend to contribute
to improving the population’s quality of life and increasing productivity. While the prog-
ress in the Legal Amazon over the past two decades is commendable, the persistent
gap in broadband and mobile access compared to the rest of the country suggests
that more focused efforts are required. Investing in infrastructure that addresses the
region’s unique geographical and logistical challenges is essential to ensuring that
all residents can fully participate in the digital economy. As Brazil advances its digital
capabilities, closing this gap will be crucial for fostering equitable development and
access to technology across the nation.
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