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Abstract

In recent years, energy transition process has been directing the world's electrical systems in a
search for the insertion of clean and renewable energy sources. In Brazil, hydroelectric generation
plays a fundamental role, with 68% of energy supplied by hydraulic sources in 2019. However,
despite hydroelectric generation being considered a renewable energy and with low emission of
polluting gases, the construction of hydroelectric plants can cause significant consequences in the
dynamics of territorial management, especially when located in regions of high socio-environmental
complexity. Considering the importance of hydroelectric projects, it is essential to understand the
impacts arising from their implementation in the Brazilian territory. This article aims to analyze the
socioeconomic impacts arising from the construction of hydroelectric plants in municipalities
affected by reservoirs. To this end, it is proposed to analyze the case study of the Estreito
hydroelectric plant, located in Maranh&o, through the application of the Synthetic Control impact
assessment method. The results demonstrate that the positive externalities of the plant's
implementation, when they exist, are short to medium term, except for the income dimension. On
the other hand, the deterioration of the other dimensions analyzed indicates a possible reduction in
the quality of life of the local population.

Highlights

e In Brazil, currently, the advance of large hydroelectric power plants (HPP) has been directed
towards areas of great social and environmental vulnerability, such as the Amazon Region;

e The insertion of HPPs may not contribute to regional development, mainly in regions that
present different appropriations and use of water resources;

e In general, the socioeconomic developments provided by Estreito HPP in its territory are
experienced in the short to medium term, even the positive externalities;

e The positive effects tend to be concentrated in the municipality that directly allocate the
project, as well as in municipalities that already occupy a regional polarizing position,
created by greater economic dynamism and greater offer of public and private
infrastructures and services, such as transportation, hospitals, schools and universities.
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1. Introduction

Since the commitment to reduce greenhouse gas (GHG) emissions, initiated with the Kyoto
Protocol in 1997, numerous countries have been investing in the transition process to a renewable
and less polluting energy matrix. The urgent need for actions to control climate change is
increasingly being recognized internationally and was ratified by the 195 countries that attended the
21% Conference of the Parties (COP21), in Paris, in 2016.

Actions to reduce the effects of climate change in the electricity sector have been directed
through three central vectors: i) decarbonization; ii) digitization; and iii) decentralization. Thus, in
the generation segment, actions aimed at the decarbonization process appear to be associated with
goals to increase the share of renewable and clean sources in the electrical matrix. In this context,
unlike most countries, Brazil has an essentially renewable energy matrix, consolidating itself as an
international reference in electrical systems with low emission of polluting gases. In 2018, the
Brazilian energy matrix held 45.3% of its energy supply from renewable sources, well above 20%,
which is approximately the average world matrix [1].

Due to its favorable physical and hydrological conditions, characterized by a substantial
network of hydrographic basins, Brazil’s hydroelectric generation plays a crucial role in supplying
household electricity demand. According to the National Energy Balance, published by the Energy
Research Company (ERC), the total supply of electricity in the country reached an 83.3% share of
renewable sources in 2018, mostly supplied by hydraulic source with 66.6%, followed by natural
gas (8.6%), biomass (8.5%), wind (7.6%), coal and derivatives (3.2%), nuclear (2.5%), petroleum
derivatives (2.4%) and solar (0.5%).

In recent years, despite the increasing contribution of intermittent renewable energies in the
Brazilian electricity matrix, hydroelectric power plants are still a fundamental technology. In 2017
and 2018, Brazil was the second largest investor in hydroelectric power plants projects in the world,
surpassed only by China [3]. In 2019, the Brazilian Decennial Expansion Plan for 2029 presented
an estimate of 1,914 MW of power coming exclusively from hydroelectric power plants (HPP)
which are scheduled to come into operation by 2029 [2].



The HPPs are a consolidated technology for generating electricity from water sources and are
considered to be renewable and clean. Although investments in hydroelectric projects are
considered strategic in the diffusion of environmentally sustainable energy sources [4, 5], the
implementation of HPPs is still a very controversial topic in the global electricity sector. If, on the
one hand, hydroelectric projects can become vectors of economic and regional development,
involving the expectation of economic growth and an improvement in the quality of life, mainly in
the surrounding municipalities and those areas impacted by the project, on the other hand, despite
providing an increase in economic growth, in the short term, the benefits are not distributed among
the population and the municipalities, which may cause significant material and immaterial losses in
the environmental, social and cultural dimensions, especially in the case of presence of traditional
communities® [6]. Since most of these projects receive public funding, it is expected that these
investments return into benefits and development for the impacted areas.

In Brazil, the negative consequences of hydroelectric projects are particularly noteworthy, due
to the advance of the electric frontier towards the North Region. This region comprises the area of
the Legal Amazon’, marked by the existence of important biomes, such as the Amazon and
Cerrado, and also different ways of life. According to [9], in 2010, 42% of the municipalities in the
Legal Amazon had Social Vulnerability Indexes (SVI) categorized as “very high” and a large part
of the territory corresponds to Conservation Units, Indigenous Territories and Areas of Priority for
Biodiversity Conservation. Despite the socio-environmental restrictions in the region, in the last
decade, large hydroelectric power plant projects were built, such as Belo Monte (PA) with 7,500
MW, Jirau and Santo Antonio (RO) with 3,300 MW and 3,150 MW capacity, respectively.

Given the historical and current relevance of HPPs construction in Brazil and the inherent
economic, social and environmental effects caused by their implementation, the assessment of their
impacts is essential. In these terms, this article aims to assess the socioeconomic impacts caused by
the HPPs, through the case study of Estreito HPP (1,087MW), located in Maranhdo (MA) and
belonging to the Legal Amazon area. For this, the econometric method of impact assessment called
Synthetic Control, proposed by [10] and [11], was used.

The article is structured in six sections. The second section presents the context of the main
socioeconomic impacts arising from the implementation of HPPs, while the third section presents
the main particularities of Estreito HPP construction. The fourth section addresses the steps of the
methodological process applied and the fifth section brings an analysis of the results in comparison
with the effects observed in the bibliographic and documentary review. Finally, the sixth section
presents the study's final considerations, limitations and contributions to the theme.

2. The hydroelectric generation in Brazil and its socioeconomic impacts on the territory

Brazil is the largest producer of electricity in Latin America, generating approximately 50%
of the continent's total supply. It is expected that by 2027, the country will achieve a production
equivalent to 796 TWh of electric energy and most of it will be coming from hydroelectric
generation [12]. Initially, HPPs were located close to major consumption centers in the Southeast.

6 Traditional communities are groups with their own and particular forms of social organizations that use the territory
and natural resources for social reproduction, based on cultural and tradition practices. Ref. [7] adds: “[...] peasant
territories and populations that, although they do not use common areas a priori, end up building something that can be
identified as the fruit of their history and “identification factor”.

" Region comprising the states of Amazonas (AM), Para (PA), Amapa (AP), Acre (AC), Roraima (RR), Rondénia (RO),
Tocantins (TO), Mato Grosso (MT) and some municipalities in Maranhdo (MA) located west of the 44° meridian [8].



However, along the sector's historical trajectory, the ventures reached increasingly distant regions,
consolidating an extensive interconnected system of transmission networks [13].

In 2018, Brazil was exploiting 108 GW of the 176 GW of its inventoried hydroelectric
potential, considering projects in operation and under construction. Among this potential, 52 GW
are inventoried for HPP with a capacity greater than 30 MW, of which 18.6 GW are located in the
Amazon region. By 2029, another three HPPs with 62% power increase are expected to be
implemented in this region [2]. Thus, as can be seen in Figure 1, the remaining hydroelectric
potentials are located in the North and Middle-West regions, while in the other regions a lower
generation potential is observed, due to the saturation of the water resources exploitation for energy
use [14].
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Figure 1: Distribution of the hydroelectric potential inventoried in 2018. Source: data from ref. [15].

In addition to being responsible for most of the national electricity generation, HPPs play a
fundamental role in the energy transition process and in the change of the system's operating
paradigm. Considering the strong growth of intermittent alternative renewable energies (wind and
solar), the HPP accumulation reservoirs function as large batteries for energy storage, providing the
quick adjustment, regularization and stability required by the system [16, 14].

Despite its importance for the functioning of the National Interconnected System, the
construction of hydroelectric projects can cause several socioeconomic and environmental impacts



in the territory. Even in HPPs with reduced reservoirs (run-of-river), the externalities triggered by
the construction and its operation are present.

In this context, studies on the impact of HPP in the territory have been a source of great debate
in the scientific literature [17]. On the one hand, there are studies that highlights the economic and
social advantages, such as the attraction of investments, heating up the local economy and boosting
the service sector. This economic dynamism is reflected, in general, in the increase of the municipal
Gross Domestic Product (M-GDP), generation of direct and indirect jobs, creation of new
establishments and tax collection growth [18, 19].

On the other hand, this notable economic growth attracts migratory flows due to the project,
which put pressure on public services and on municipal infrastructure. As in the case of many urban
centers that receive mega projects that are previously lacking urban infrastructure and public
services, such as sanitation, housing, transport and medical and hospital care, there is a worsening
in access and care of these services, since that, quantitatively, the supply does not keep up with the
demand growth. Neither are there any permanent qualitative improvements in health, safety and
quality of life [20].

As a result of rapid and concentrated population growth, urban problems are amplified, such as
the increase in the periphery of cities, given not only the housing deficit, but also the increase in
land prices in the most of the central areas of urban centers. Other negative impacts can also be
related to migratory processes and population growth in these areas, such as an increased urban
violence, traffic violence, consumption and sale of illicit drugs, sexual violence, prostitution and
sexually transmitted diseases. In addition to social impacts, it is observed a deterioration in the
landscapes and the changes in the social productive arrangement of the affected population. In this
perspective, [21, 22] highlights the suppression of natural elements and the damage to vegetation
and fauna caused by the construction and filling of the reservoir. [23, 24] mention the effects on the
quality of water resources and their hydrological regime (increase in water temperature and salinity,
sedimentation of the reservoir, reduction of dissolved oxygen) and [25] indicate the negative
impacts of induced displacement and resettlement of local communities, in general, submitted to
homogenous compensation packages, that ignore the complexities of each social group.

Regarding the CO> emission per GWh, although the HPP present a low GHG emission rate,
when compared to other sources of energy generation [26], when the HPP reservoirs are built in
forested regions, the aerobic and anaerobic decomposition of organic matter causes the emission of
gases such as CO2, N2O, CH4 and H>S. In these cases, the emission rate depends directly on the
flooded forest area, the type of decomposing vegetation, the time taken to flood the area and the
depth of the biomass [27]. [28] carried out several simulations to estimate CO2 emission of some
Brazilian HPP, which verified that emissions can be significant over time and that, under specific
conditions, they may even be comparable to emissions from fossil fuel plants. [24] also studies the
contribution of large dams in CO emissions and in the incidence of endemic diseases, due to the
increased proliferation of transmission vectors. In this context, it can be said that the socioeconomic
development and the other positive impacts induced by HPPs are questionable.

In view of the relevance and contradiction of this theme, some qualitative and quantitative
studies on the socioeconomic impacts of HPP were identified, especially those located in the
Amazon Region and in the Tocantins-Araguaia Hydrographic Basin. From this survey, it was
possible to identify two major dimensions of analysis: i) the biotic environment (fauna and flora)
and/or ii) the social and cultural environment. From these dimensions, positive and negative
impacts can be divided into seven thematic axes: i) economy; ii) employment and income; iii)
infrastructure; iv) demography; v) socio-cultural; vi) health and education; and vii) environment.



Table 1 presents an overview of the socioeconomic impacts caused by HPPs, indicating a brief
overview of the available literature. The impacts are organized by thematic axes, according to the
identification of some effects and scientific works found during the research. Among the studies
analyzed, some authors dedicated themselves to a more general approach on the impacts, while
others pointed to a specific theme.

Table 1. Some socioeconomic impacts caused by HPP projects.

Thematic axes

Social, economic and environmental impacts

Authors

Economy

Employment
and income

Infrastructure

Demographic

e Economy boosted by the demands established during the
construction and by the increase in population;

 Real estate and territorial speculation process;

e Increase in the regional cost of living;

e Increase in the number of companies, especially in the
tertiary sector;

e Increase in the collection of Tax over Services;

e Increase in the collection of Urban and Territorial Property
Tax;

e GDP growth;

e Increase in municipal revenues;

¢ Benefits generated by the National Interconnected System;

o Improvement/worsening of the navigability of rivers
(implementation or not of locks);

¢ Maintenance of agricultural activities and latex extraction;

¢ Reduction of gold mining and commercial fishing, due to the
loss of natural resources;

e Compromising of the productive structure of riverside
population (subsistence, small, medium and large
producers);

e Generation of temporary and low-paid jobs;

e Increase in employment and formal average salary,
especially during the construction phase;

¢ Reduction of formal employment in the primary sector in the
planning and operation phases;

e Pressure on the supply of garbage collection services, piped
water, sewage and electricity;

¢ Disorganized occupation of areas surrounding the
construction of the project;

e Increase in the vehicle fleet;

¢ Population growth;

o Intensification of migratory flux;

e Growth/reduction in the number of births;

o Accelerated growth of the urban population;
e Increase in urban density;

[18] Del Rio, Burguillo (2008)
[19] De Faria et al. (2017)
[29] Assuncdo et al. (2016)
[30] Sgarbi et al. (2019);

[31] Freire et al. (2018);

[22] Von Sperling (2012)

[29] Assuncdo et al. (2016)

[30] Sgarbi et al. (2019);

[32] Alves, Thomaz Janior (2012);
[33] Marin, Oliveira (2016)

[30] Sgarbi et al. (2019);
[29] Assuncdo et al. (2016);
[34] Reis, Souza (2016);

[29] Assuncéo et al. (2016)

[30] Sgarbi et al. (2019);

[32] Alves, Thomaz Janior (2012)
[33] Marin, Oliveira (2016)

[35] Silva (2013)

[36] Catolico (2017)




Thematic axes

Social, economic and environmental impacts

Authors

Socio-cultural

Health and
Education

Environment

e Generation of expectations;

e Forced removal of populations;

e Direct and indirect impacts on indigenous communities;

e Increased pressure on indigenous lands;

e Changes in the rural and urban landscape;

e Suppression of landscapes such as beaches and waterfalls;

e Increase in violence;

e Increase in traffic accidents;

e Increase in cases of prostitution and drug use;

e Loss of family ties (kinship, neighborhood and crony
relations);

e Cultural loss (habits, beliefs, customs and traditions);

¢ Sentimental losses (attachment, feeling of belonging to the
place);

o Interference with local power relations;

e Possibility of land and water conflicts;

e Increase in endemic diseases (eg. malaria);

¢ Reduction/increase of waterborne diseases;

¢ Reduction of government spending on education and health;

¢ Reduction in the number of primary school enrollments in
public schools during the construction and operation phase;

e Removal of vegetation in the reservoir construction area;

e Increase in deforestation in nearby areas ;

e Increased erosion process;

¢ Increased risk of extinction of species of aquatic fauna and
flora;

e GHG emissions, due to the total removal of vegetation in the
flooded areas;

e Changes in air quality and increased noise pollution;

¢ Reduction in the quality of water resources (increase in
water temperature and salinity, sedimentation of the
reservoir, reduction of dissolved oxygen);

¢ Risk of water contamination;

¢ Change of hydrological regime;

e Disruption in migratory fish flows;

[37] Foschiera (2010)

[38] Magalhaes, Santos (2007)
[39] Sieben, Cleps (2012)
[40] Zitzke (2009)

[41] Sigaud (1986)

[42] Silva et al. (2008)

[43] Vainer (2008)

[44] Rocha (2016)

[45] Silva Junior (2005)

[46] Giusti (2014)

[47] Hanna et al. (2016)

[48] Parente, Miranda (2014)
[49] CDDPH (2010)

[50] Aradjo, Moret (2016)
[33] Marin, Oliveira (2016)
[22] Von Sperling (2012)
[51] Zhouri (2018)

[52] Wang et al. (2012)

[53] Stolerman et al. (2014)
[54] Sevé (2008)

[29] Assuncéo et al. (2016)
[30] Sgarbi et al. (2019);
[49] CDDPH (2010);

[55] Gomes et al. (2014)

[14] Soito e Freitas (2011)
[21] Mattmann et al. (2016)
[22] Von Sperling (2012)
[24] Fearnside (1997)

[29] Assuncdo et al. (2016)
[46] Giusti (2014)

[52] Wang et al. (2012) [52]
[56] Sharma et al. (2019)

[57] Fearnside (1999)

[58] Tahseen e Karney (2017)
[59] Barrow (1988)

[60] Rashad, Ismail (2000)
[61] Rosenberg et al. (1997)
[62] Celestino, Makrakis (2020)

3. The Estreito Hydroelectric Power Plant

The Estreito HPP is located in the mid-course region of Tocantins river, in the Tocantins-
Araguaia Hydrographic Basin. Along the course of the river, Estreito HPP integrates a set of plants
arranged in cascade, where Tucurui HPP is downstream and Lajeado HPP is at upstream. In
addition to the recognized hydroelectric potential, the region of the Tocantins-Araguaia
Hydrographic Basin has a great diversity of natural resources, including extensive areas of
agricultural land, agricultural frontiers, mineral resources and significant infrastructure projects. In
this regard, its physical, biotic and geomorphological characteristics converge to consider this basin
a strategic region from an economic, environmental and social point of view [63, 64].



In 2002, the Estreito Energia Consortium (CESTE), formed by Suez Energy South America
ParticipacOes Ltda (now Engie), BHP Billiton Metais SA, Companhia Vale do Rio Doce, Alcoa
Aluminio S.A. and Camargo Corréa Energia Ltda., won the auction for the hydroelectric
exploitation of Estreito. The plant operates with run-of-river technology, with an installed capacity
of 1,087 MW, a reservoir of 555 km? and a flooded area of 400 km?,

The municipalities of Estreito (MA), Carolina (MA), Babaculandia (TO), Barra do Ouro (TO),
Darcinopolis (TO), Filadelfia (TO), Itapiratins (TO), Palmeirante (TO), Palmeiras do Tocantins
(TO), Aguiarnodpolis (TO) and Tupirantins (TO) and the indigenous lands of Apinajé (TO), Kraho
(TO) and Krikati (MA) constitute the impacted areas by the HPP [64]. Figure 2 shows the
representation of the areas directly impacted (ADI) by the project.
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Figure 2: Location of the Estreito HPP and the affected municipalities.

In 2005, Ibama issued the Preliminary License (PL) for the project and the Installation License
(IL) on the following year. The plant's civil works began in June 2007, in the municipalities of
Estreito (MA) and Aguiarnodpolis (TO), and the construction of the dam started in May 2010. At the
end of 2010, the Operation License (OL) was issued, starting the reservoir filling process. In 2011,
the plant's first generating unit went into operation and, in 2012, the eighth generating unit was
completed, reaching the plant's total installed capacity [65].

In order to understand the characteristics of the region where the plant is located, Table 2
presents some social and economic indicators, derived from the 2010 Demographic Census, for the
Tocantins-Araguaia Basin, in comparison to Brazil and the municipality of Estreito. When
observing the values for the basin, all indicators have lower average values than the Brazilian
average, except for the infrastructure dimension of the Social Vulnerability Index (SVlinfra). Even
using the median, in theory a more robust indicator, most of the indicators remain below the
Brazilian average.



The average Human Development Index (HDI) of the Tocantins-Araguaia Basin region can be
categorized as average (0.600-0.699), as well its income dimension (HDlincome). For the education
dimension (HDledu), while it is rated as low (0.500-0.599), the longevity dimension (HDIllong) is
high (0.700-0.799). These results demonstrate unsatisfactory quality of life conditions for social
well-being.

In the municipality of Estreito, the behavior of the indicators are similar to the whole basin for
the dimensions of Human Development Index (HDI) and Social Vulnerability Indicators (SVI).
However, the municipality presents results above the Brazilian average and the Hydrographic Basin
region for: Gini (Gini), SVI infrastructure dimension (SVlinfra), the percentage of the population
with access to piped water (Wat), with garbage collection (Garb) and population with inadequate
access to water and sewage (WatSew).

The major differences found between the minimum and maximum values of each indicator
reveals the high heterogeneity of the region, where municipalities with very low social life
conditions share the territory with regions of wide access to the provision of public services and
investments in basic infrastructure. There are still municipalities in the region where access to
electricity (EnEl) reaches only 58% of the population, the supply of piped water accounts for 15%,
garbage collection reaches 25% and household income per capita (ICap) is less than 170 reals per
month.

Table 2: Socioeconomic variables of the Tocantins-Araguaia Hydrographic Basin, Brazil, and
municipality of Estreito in 2010.
Tocantins-Araguaia Hydrographic Basin

Indicator Minimum Maximum Average 22?/?:3(:2 Median CT;Z:;QE of Brazil Estreito
HDI 0,50 0,82 0,65 0,05 0,66 0,08 0,73 0,66
HDlincome 0,49 0,86 0,63 0,06 0,66 0,09 0,74 0,67
HDllong 0,69 0,87 0,80 0,03 0,81 0,04 0,82 0,80
HDledu 0,32 0,75 0,55 0,08 0,56 0,14 0,64 0,54
Svi 0,18 0,65 0,37 0,11 0,36 0,28 0,33 0,35
SVIhumcap 0,22 0,79 0,46 0,12 0,45 0,24 0,36 0,54
SVlincome 0,16 0,71 0,43 0,10 0,42 0,24 0,32 0,38
SVlinfra 0,01 0,81 0,24 0,16 0,20 0,67 0,30 0,14
Gini 0,37 0,78 0,52 0,06 0,52 0,12 0,60 0,56
Wat 14,56 99,24 74,96 20,59 80,49 0,27 92,72 95,08
WatSew 0,14 72,22 11,25 12,18 6,63 1,08 6,12 5,22
Garb 24,98 100,00 91,73 11,78 96,21 0,13 97,02 97,36
EnEl 57,57 100,00 93,66 7,93 96,82 0,08 98,58 96,67
ICap (R$) 163,15 1.715,11 442,57 171,63 418,64 0,39 793,87 503,29

Source: data retrieved from IPEA and UNDP according to the 2010 Demographic Census.

According to the Environmental Impact Study (EIS) of Estreito HPP, carried out by [66], 5,937
inhabitants were impacted, where 4,789 belonged to the rural area and 1,148 to the urban area. In
light of this, most of the affected population depends on productive areas for their economic
activities and survival. On the other hand, the report indicated the generation of 5,204 direct
temporary jobs and 1,600 indirect jobs, and also the concessionaire’s commitment to 31
environmental programs.

The biotic and socio-environmental impacts pointed out by the EIS (2001) cover 26
archaeological sites (Petroglyph), 7 species of endangered fauna, 11 rural social and cultural



facilities (2 churches and 9 schools), loss of 8 areas for recreation, leisure and tourism (Filadélfia,
Babaculandia, Palmeirante and Barra do Ouro beaches, Sdo Roméo waterfall, Ilha dos Botes e
Balnearios Praiolandia and Rio das Pedras) and the flooding of 6,600 hectares of Permanent
Preservation Area (PPA) and 175 hectares of the Natural Monument of the Fossilized Trees. In
addition, impacts on the regional road system and port facilities were also mentioned.

In view of the descriptive analysis of the study area, the region's socioeconomic fragility and
losses observed in the physical-biotic and social environment are evident. Thus, the region is
vulnerable to the implementation of large infrastructure projects, as any small change may impact
the territory's demographic and spatial dynamics.

4. Methodology

The analysis of the impacts resulting from the installation of Estreito HPP was carried out using
the econometric method of impact assessment entitled Synthetic Control. In summary, the
methodological process can be divided into four stages. At first, the study area, the dimensions of
analysis and the indicators to be used were defined. The next step consisted in choosing the
quantitative method for the impact’s assessment, while the third step covered the data collection and
the definition of the variables of interest. Finally, the fourth step addressed the method application
and its main results.

4.1. Selection of the study area, dimensions of analysis and indicators

The study area is formed by the limits of the Tocantins-Araguaia Hydrographic Basin, provided
by the National Water Agency (NWA), and the municipalities that are connected or cut by these
limits, as shown in Figure 3, totaling 383 counties. The map also shows the extent of the road
network and the location of the Estreito HPP.
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Figure 3: Section of the Tocantins-Araguaia River Basin region. Source: Own elaboration based on
data from IBGE and NWA.

The Tocantins-Araguaia Hydrographic Basin is part of the Legal Amazon region and its
population is composed of traditional groups with different ways of life. The region's water
resources serve multiple purposes, from electricity production to irrigation, subsistence, leisure and
transportation activities. These features make up a set of characteristics of high socio-environmental
restrictions for the insertion of hydroelectric projects. In this way, the selected study area allows the
analysis of old and current points of challenge and conflicts for the Brazilian electricity sector,
especially in regard to the socio-environmental impacts of HPPs.

The analysis dimensions were selected from the literature review shown in Table 1. A set of
variables was then defined that best fits the dimensions of interest for a sustainable regional
insertion that fostered local development. In total, nine indicators were selected, which are
described in Table 3 with their respective databases. At first, the violence dimension was analyzed
through the variables "deaths from aggression”, "deaths from homicides” and "deaths from traffic
accidents”. However, the synthetic control did not show a consistent trend due to the under-
registration and under-coverage of existing databases. In view of this, the synthetic control method
did not obtain satisfactory results, since it requires complete historical series for its application,
therefore the authors chose to exclude these variables.

Table 3: Variables of interest analyzed in the impact assessment.

Dimension Aspect Indicator Base
Municipal GDP IBGE
Income Wealth level Municipal _GDP per IBGE
capita
. Density and L .
Demographic migration Municipality population IBGE
Reproductive Born Alive DATASUSU
Health Health Access to prenatal DATASUS
coverage
Number of persons RAIS
employed
Economic Capacity to Number of RAIS
Development generate Jobs establishments

Average Monthly Salary
per employee
Deforested area over

Environment Ecology municipal area INPE

RAIS

4.2. Selection of Impact Assessment Method: Synthetic Control

When the objective is to analyze impacts arising from a certain phenomenon, the simple
comparison of developments in pre-intervention and post-intervention moments is not able to
efficiently measure the desired effect, as it reflects the influence and action, not only arising from
the construction of the enterprise, but also provided by the exposure to external economic, social
and political agents and factors. Thus, it is not possible to guarantee the causality of the
performance registered on the indicators strictly related to the construction of the plant.

In situations like this, the main objective is to eliminate the potential exogenous factors that
may be contributing to explain the effect of the intervention, measuring the magnitude of the direct
causal effect of the intervention (impact) on the analyzed results of interest. The effect can be
analyzed with impact assessments centered on the question of causal inference. According to [64],
these methods are based on the Counterfactual Theory to answer the question: what would have
happened to the treated unit, if it had not been the target of such intervention?



Thus, groups of units based on the observable data, that are comparable to the analyzed unit,
are sought. In this way, it is possible to calculate the average difference observed through the
average effect of the treatment on the treaties. The causal impact corresponds to the difference
between the result value in the presence of the program and in the absence of the program. In
practice, it is not possible to observe, simultaneously, the result of interest in these two scenarios
over time. As the condition “absence of the program” is always unobservable, counterfactual
scenarios are used, measuring the desired effect through the difference in the results of the variable
of interest in the units that underwent the intervention (treated units) and the counterfactual
(synthetic unit) after the intervention [68].

Considering the existing methods and the characteristics of the proposed case study, which
presents only one treatment unit, the synthetic control method is the most appropriate. In technical
terms, this method seeks to obtain a synthetic unit for the treated unit, in order to compare the two
trajectories. The counterfactual is determined by optimizing an intentional control group, built from
a set of predictive variables, ensuring similarity between the two groups and avoiding the use of a
counterfactual, arising from a subjective choice [11].

That said, suppose the existence of a sample composed of the treatment unit and potential
control units, which were not impacted by the variable of interest during the analysis period (donor
pool). Considering that this set of longitudinal data, observed in a period of time t, wheret =1, ...,
T, has undergone an intervention in To, delimiting a pre-intervention period t = 1, ..., To and post-
intervention t = To, ..., Ty, so that T = To + T1. The result of interest for unit j, in period t is defined
as th.

Thus, the synthetic control seeks to measure the effect of the intervention on the results of the
variable of interest in the post-intervention period (t = To, ..., T1), considering that it did not suffer
any effects in the pre-intervention period (t = 1, ..., To). The synthetic control uses a weighted
average of the units in the donor pool to calculate the appropriate counterfactual.

In addition, the synthetic control intentionally induces the approximation of the path of the
variable of interest in the synthetic unit during the pre-treatment period towards the path of the
treated unit, in order to perform a path matching. According to [11], the longer the pre-treatment
period analyzed, the more consistent the estimator will be.

In general, the statistical inference of the method is carried out through placebo tests. In these
tests, the method is applied to all donor pool units, in the expectation that the effects will be
nonexistent or less than those found in the treatment units. The construction of graphs is the most
used representation for the analysis of the treatment effects, as it manages to capture the magnitude
of the treatment estimation in comparison with the other placebo cases through the visual appeal of
the data.

The relevance of the Synthetic Control for assessing the impact of HPPs, as one observes, in
the literature, a small number of studies with a quantitative approach, either due to the lack and
quality of the available databases, or due to the difficulty of a proxy identification that reliably
reflects the desired impact. Given the advantages of its application and the ability to make
comparative quantitative analyzes of case studies, this method has been widely used in the literature
to assess the effects of public policies and interventions.

Ref. [58] and [66] also highlight that the impacts associated with HPPs are heterogeneous in
view of the historical, political, economic, social and environmental specificities of each location.
Thus, the analysis of a case study, such as the municipality of Estreito, is of great importance for
understanding the particularities surrounding the impacts that occurred in regions of great
socioeconomic vulnerability.



4.3. Definition of input variables for the Estreito HPP case

The proposed synthetic control analysis was performed using the Synth package in the Stata
software. From the Financial Compensation database of the National Electric Energy Agency
(ANEEL), it was possible to verify the municipalities that make up the area of direct influence
(ADI) of the Estreito HPP and those that are not impacted concurrently by another plant, according
to the wetland criterion (Table 4). These municipalities formed the treatment units of the study and,
for each one, the synthetic control method was applied in isolation.

Table 4: Units treated for Estreito HPP.

Municipalities FEdS;?ttlve Area Km? Area %

Carolina MA 206.43 32,47
Estreito MA 48.85 7,68
Babaculandia TO 94.69 14,89
Barra do Ouro TO 47.78 7,51
Darcindpolis TO 39.04 6,14
Filadélfia TO 114.44 17,99
Goiatins TO 15.00 2,36
Itapiratins TO 15.24 2,40
Palmeirante TO 25.45 4,00
Palmeiras do Tocantins TO 28.02 441
Tupiratins TO 0.89 0.14

Aguiarndpolis TO 0 0

Source: Data from ANEEL (2019).

The control group is formed by the other municipalities in the Tocantins-Araguaia
Hydrographic Basin, excluding the municipalities that also have flooded areas due to the
implementation of other HPPs and the municipalities with other major infrastructure investments in
the period of analysis. By means of this, the donor pool built seeks to respect and consider regional
complexities, since being part of the basin can point out issues that distinguish these municipalities
from a representative set of Brazilian municipalities.

The plant's construction occurred between 2007 and 2011. The year 2007 was considered the
year of intervention (To), therefore the pre-treatment period was evaluated from 2003 to 2007 and
the post-treatment period from 2008 to 2014. The vector predictive variables are composed of the
variable of interest Y for some years of the pre-treatment period (2003, 2004 and 2005), and up to
five predictive characteristics, such as: population, participation in the added value of agriculture,
M-GDP, M-GDP per capita, participation in the added value of services and credit operations. For
each of these predictors, the annual mean value of the pre-treatment period (2002-2007) was used.

5. Results and Discussion

The results are sectioned according to the socioeconomic indicators and their respective
dimensions of analysis. For all indicators, it is possible to perceive the greater intensity and
concentration of positive and negative developments in the municipality of Estreito, where the
project was being built. Before the HPP construction period, the Estreito municipality already stood
out as one of the most economically developed in the surrounding area, mainly because of
agricultural activities. In this way, greater emphasis will be placed on this municipality.



Within all dimensions and indicators analyzed, it was possible to verify that the onset of effects
occurred up to two years before the construction of the HPP, that is, between 2005 and 2006. Ref
[70] had already pointed out the existence of territorial developments prior to the construction,
categorized as “speculative impacts”. The authors report that the news released by the media or
even the emerging rumors about the beginning of the works quickly spread in the surrounding
regions and, by pointing out the first signs of construction, a considerable population contingent
was already beginning to migrate to the municipality. This migratory flow consisted of individuals
in search of jobs, with expectations of better living conditions and opportunities for social growth.

5.1. Economy Dimension

The economic dimension was analyzed by the variables of interest “M-GDP” and “M-
GDP per capita”. It is important to remember that these indicators do not efficiently reflect
phenomena such as concentration and income inequality, since it does not inform the way in which
income is distributed within families and population groups. However, there are no indicators
available at the municipal level or annual periodicity for this propose.

Before the HPP construction, the highest M-GDP value was found in the municipality of
Goiatins, followed by Babaculandia and Filadélfia. In 2012, one year after the beginning of Estreito
HPP operation, this picture was quite different in the municipality of Estreito, registering a M-GDP
about 600 times higher than in 2002.

It is possible to observe, in Figure 4a and 4b graphs, the effect of the project's implementation
on the variable of interest for each of the treated municipalities, that is, the difference value between
the treated municipality and its counterfactual (the gap). The effects on the variables were more
intense in the first two years of construction, with the effect of M-GDP per capita being more
significant in a larger group of municipalities. In general, the behavior of the variables is marked by
successive episodes of progression and regression, a result that is in line with what was exposed by
[19, 29].

In addition, there is also a concentration of positive effects in the municipality of Estreito, with
a much higher gap than the other treatment municipalities, showing a positive effect of great
magnitude for both variables. In 2006, one year before the start of the power plant construction, this
growth was exponential, which continued until 2009. In 2010, there was a reduction in these values,
which grew and reached a peak in 2012, equivalent to an increase in M-GDP of 591,000 reals
compared to the counterfactual. From 2013, the M-GDP reduction rate takes the data series to a
lower level, however, still higher than the values registered for the other units.
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Figure 4: Effects of the variable of interest a) M-GDP; and b) M-GDP per capita. Source: IBGE data.

During the construction phase, there was a large influx of immigrants that contributed to
momentarily increase the local economy, mainly caused by activities in the tertiary sector. In
addition to the effect caused by the economic dynamism, the municipalities that present flooded
areas receive financial compensation for the use of water resources, in accordance with Law
n°13.661/2018, which establishes a transfer percentage to the municipalities of 65%.



The behavior of the variables of interest in the municipality of Estreito can be explained by the
hypothesis that by 2009, M-GDP and M-GDP per capita had increased due to the dynamism of the
local economy. After the peak of the initial works, which occurred in the first two years of
construction, the M-GDP suffered a significant drop, growing again after the beginning of the
operation in 2012, when the municipality started receiving royalties.

5.2. Demography Dimension

The demographic dimension was analyzed using the variable of interest “population”. The
effect also began in 2006, one year before the intervention, as shown in Figure 5 graph. Until 2009,
the increase was not very pronounced, presenting, from then on, a new level of growth.
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Figure 5: Effects of the population interest variable. Source: IBGE data.

In Estreito municipality occurred a peak of growth in 2009, observed in relation to the synthetic
municipalities. In 2015, the demographic effect of the construction reached a contingent of 10,549
people. This increase can be explained by the strong migratory flow, driven by the expectation of
better life conditions attractiveness. Considering that Estreito municipality is the location of the
plant's construction, this flux may have been intensified. The non-return of immigrants to their
places of origin resulted in a new level of population contingent, an effect also seen in other HPPs
in the region, such as Belo Monte [33], Jirau and Santo Antdnio [33].

The construction phase comprises the largest flow of population migration [46]. Large
contingent of immigrants increases the pressure on the public services infrastructure of the
municipalities around the enterprise. These services generally include health, education, transport,
sewage, water supply, access to electricity, collection and disposal of solid waste and public safety.

Considering that, in the case of Estreito municipality, the existing basic infrastructure
equipment was already insufficient to serve the local population (Table 1), pointing out that the
influx of immigrants becomes an aggravating factor. Therefore, depending on the management of
public services and the economy, this effect can be considered negative for the region.

5.3. Employment and Income Dimension

The employment and income dimension were analyzed using the indicators “capacity to
generate employment”, “number of establishments” and “average salary”. In general, the



construction of large enterprises boosts the local economy, directly increasing the number of
companies installed in the region. In this way, machinery, engineering, commerce and service
companies are often installed at this stage. Another point to be considered is the increase in
companies providing services to the public sphere, due to the additional revenues coming from
financial compensation measures.

The Figure 6 graph shows that the effects on the variable of interest “number of
establishments” started in 2005, two years before the construction period, and last for the entire
analyzed period, reaching its peak in 2011, when the construction ended. The HPP construction
resulted in 131 new establishments in Estreito municipality. Although more intense in Estreito, the
effect on the number of establishments is also significant in the other affected municipalities and
remains after the plant starts operating. The ref. [30] also revealed an increase in the number of
establishments in the construction sector.
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Figure 6: Effects for the variable of interest number of establishments. Source: RAIS data.

Figure 7 graph shows the effects of the Estreito HPP insertion in the variable “job creation”.
These effects start in the pre-construction period and extend throughout the construction period,
reaching a peak in 2009, with 7,947 jobs generated. In 2014, the intervention of Estreito HPP no
longer has an effect on the number of jobs created, that is, in the long run, it can be said that the
construction of the plant did not contribute to an increase in job creation.

As highlighted by [32], the first two years of construction cover the largest number of workers
hired, reaching its peak in 2009, around the 31% month from the beginning of the works. The
authors highlight that a large part of the workforce was employed in low-paid temporary activities
that cover the most diverse functions, from the construction of the HPP to the implementation of the
support infrastructure, including accommodation, food, transportation, maintenance, among others.

According to [66], at Estreito HPP, moments of high labor absorption were expected between
the 20" and 40™ months, with a peak between the 22" and 34" months, where the hiring would
reach 5,800 workers. Among these jobs, 48% were classified with level Il of qualification
(carpenters, masons, mechanics, operators etc.) and 30% with level I, or, unskilled (helpers,
servants, janitors). As, in general, these activities are of low quality and the companies choose to
hire individuals residing in the rural and urban surroundings of the construction of the enterprise.

The results confirm the positive effects of the HPP insertion in jobs generation, during the
construction period, as pointed out by [22]. Especially in the cities affected in Brazil, [30] also



reveals a higher increase in the number of jobs during the construction phase in relation to the
operation phase, with emphasis on the tertiary sector.

8.000

7.000

6.000

5.000

4.000

3.000

Number of job created

2.000

1.000

0

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
-1.000

——Estreito - MA Carolina - MA Babagulandia - TO Barra do Ouro - TO
——Darcinopolis - TO ——Filadélfia- TO ——Itapiratins - TO ——Palmeirante - TO
——Palmeiras do Tocantins - TO —— Agwarnopolis - TO ——Tupiratins - TO ——Goiatins - TO

Figure 7 Effects for the job creation interest variable. Source: RAIS data.

Figure 8 graph shows the effect of the “average wage” variable. The effects start in 2005, when
the municipalities of Aguianopolis, Tupiratins and Palmeirante have already shown growth peaks in
2007, which is when the construction started. In 2008 and 2009, the effect was already null or even
negative for these municipalities. In other municipalities, such as Goiatins, Darcindpolis and
Filadélfia, the variable's effect is negative since 2005, remaining so for almost the entire period of
analysis. In Barra do Ouro and Babaculandia, the negative effect shows dips around 2012.

In Estreito municipality, the effects peaked around the same year of job creation, in 2010. The
fact that the plant and the construction site are located in this municipality may explain the peak
along the data series, compared to a more balanced behavior of the other municipalities. As of 2011,
the average wage has been reduced, but remained at higher levels than those recorded before the
construction of the plant. Ref. [30] also showed an increase in the average salary in the HPP
construction phase, that was concentrated in the tertiary sector.
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5.4. Health Dimension

As for the health dimension, the variables of interest “number of live births” and “number of
accesses to the prenatal exam” were used. Figure 9 and 10 graphs show that the effects of the
variables started in 2006, with an almost identical path, which presupposes that most of the live
births underwent prenatal examination. However, the growth of the two variables is almost entirely
dissipated at the end of the construction period.

The results were inconsistent and heterogeneous among the affected municipalities. Estreito
and Carolina municipalities stood out with positive effects during the period of the plant
construction (2007-2011), returning to null or even negative in 2012, that is, the effects were not in
the long term. In Estreito municipality, the number of births peaked in 2011, registering an effect of
137 live births and in line with the indicators of population growth and job creation. The
municipality of Darcindpolis, in turn, had negative effects over almost the entire period analyzed.
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Figure 10: Effects for the variable number of prenatal exams performed. Source: Own elaboration,
based on DATASUS data.

The increase in the number of live births may be associated with population growth.
Additionally, [46] emphasizes that the insertion of construction sites in the vicinity of the project
intensifies the circulation of people, mainly males, unaccompanied and with low education. A
phenomenon that can contribute to the increase in the number of live births, given the frequent
records of cases of unwanted pregnancies in such events. In this context, [19] reports an evidence of
impact on the number of HIV cases, which may also be indicating an increase in sexual relations.

5.5. Environmental Dimension

The environmental dimension was analyzed using the variable of interest “deforestation area”.
In addition to removing the affected population, the construction of dams and HPP reservoirs
involves deforestation and earthworks, not only in the area that will be flooded by the construction
of the reservoir, but also in the region that will be occupied by flower beds and access roads [52,
56]. Another driving factor for deforestation is the intensification of population growth, given the
encouragement of primary extractive activities, such as mining, agriculture and extensive livestock.

Figure 11 graph shows that the municipalities of Aguiarnépolis, Palmeirante do Tocantins and
Darcindpolis already had deforestation effects prior to the pre-treatment period. The effect is
noteworthy in Aguiarndpolis, one of the municipalities receiving the project next to Estreito. In
Estreito municipality, there was an increase in the deforested area in 2005, up to two years before
the beginning of the construction. From then on, these values were not significant when compared
to the synthetic counterfactual. The municipalities of Carolina, Barra do Ouro, Filadélfia and
Tupiratins did not have available data for analysis.

Thus, it can be concluded that the effect on the area of deforestation occurred in a reduced way
and only during the period of the plant construction. The results found by [29, 30] also reveal the
low effect on this variable of interest. According to [29], deforestation is concentrated in the
construction area of the plant and is short term.
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5.6. Robustness Tests

The robustness of the method was analyzed through placebo tests, which included the
construction of synthetic units for the other municipalities in the control group. As these
municipalities have not suffered HPP interventions, it is expected that the effects in the treatment
municipalities will stand out.

In Figures 12a to 12i, it is observable that among all the municipalities analyzed, the
difference between Estreito municipality and its counterfactual stands out, being much higher than
those found in placebos. The exception is the “deforestation” variable, where the Estreito
municipality did not stand out, revealing the low causal effect of the intervention on the variable of
interest. For the other treatment municipalities, the effects of the variables are mixed with those
found by the placebo units, revealing that there was no significant effect in these municipalities.

In general, only in Estreito municipality, the probability of the effects occurring at random is
low. Thus, it can be said that the effects found in Estreito were most likely due to the phenomenon
of Estreito HPP insertion.
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6. Final Considerations

Conducting a detailed HPP impact assessment covering the different interests of the actors
involved is extremely important for ensuring the well-being and distribution of the generated
benefits for the population. Thus, seeking to offer public policy makers subsidies for future decision
making, the impacts of implementing HPP in the territory were analyzed according to different
socioeconomic dimensions.

As also highlighted by [20], the speech that gives rhetorical support to the construction of large
investment projects, such as HPP, highlights the potential effects that can be observed in the
improvement of socioeconomic indicators and the infrastructure perspective in regional
development. If, on the one hand, this rhetoric justifies investments and sectoral policies, on the
other hand, it can create a certain expectation in part of the population that lives in the territories
that will allocate these projects, which influences the acceptance of environmental and social costs,
in favor of the supposed improvement in their living conditions, through job offers, economic
dynamism and infrastructural improvements.

However, the results of the study pointed to another perspective. The positive effects are not
that strong in the long term and tend to be concentrated in the municipality that directly allocate the
project, as well as in municipalities that already occupy a regional polarizing position, which is
created by a greater economic dynamism and greater offer of public and private infrastructures and
services, such as transportation, hospitals, schools and universities.

In general, the effects on the local territorial dynamics, when large projects are implemented,
begin to appear before the start of the construction stage, revealing the speculative character
generated by the insertion of these projects. In the case of Estreito municipality, this showed a
strong initial detachment compared to the synthetic municipality, for all variables of interest,
although the positive externalities did not remain at the end of the construction stage. However, the
temporal analysis of the indicators showed that even before the HPP implantation, the municipality
could already be considered a polarizer of the economic development of the region. In addition, the



deteriorating picture of socioeconomic dimensions may indicate a worsening in the living
conditions of the local population.

The results show that the externalities presented as positive, by the project decision makers,
were not able to reduce the conditions of economic vulnerability of the other impacted
municipalities, results that meet those exposed by [20]. And even in the municipality of Estreito,
most of the positive effects did not remain in the long run. Even in some affected municipalities,
such as Tupiratins, the effects on M-GDP and M-GDP per capita were negative, widening the
disparities between the municipalities.

In addition, the effects characterized as positive were manifested, in general, in the economic
sphere, citing the increase in the generation of jobs, in the number of commercial establishments
and in the M-GDP. Indicators that, if not equitably distributed in the territory and democratically
accessible to the entire population to meet their local needs, cannot be identified as promoters of
improvements in living conditions.

There is also the issue that these sites attract intense migratory flows, especially during the
construction period. The arrival, in a short period of time, of this migrant population formed by
workers directly involved in the construction and eventually including their families, as well as
other workers and investors in search of opportunities, can lead to an abrupt demographic increase.

This demographic growth, temporarily concentrated, promotes greater anthropic pressure on
infrastructure services and an increase in economic dynamism. Since most of these centers did not
previously had infrastructural reinforcements, the effects are short-term and a series of negative
impacts, such as increased violence and reduced quality of life, are still emerging in the region.

In addition, with regard to regional development, given that the positive economic effects were
concentrated in a single municipality, Estreito, which was already considered a center of the
region's economic development which had a short-term duration, it can be said that the HPP
insertion had a low level of contribution to overall regional development and is unsatisfactory and
distant from the expectations disclosed by the consortium. Furthermore, the deteriorating picture of
socioeconomic dimensions may be showing an overall loss of living conditions for the local
population, results that were also discussed by [71].

Regarding the application of Synthetic Control, the study found the main limitations: the
availability of databases with quality and time coverage adequate to the proposed analyzes;
problems with the level of municipal geographic breakdown and annual periodicity, mainly in the
North Region. Due to socio-environmental complexities, cases of under-registration and under-
coverage of data are frequent, especially in the databases of the National Sanitation Information
System (SNIS) and the Department of Single Health System (DATASUS). These problems directly
compromised the application of the synthetic control method, mainly in the analysis of the
dimensions of violence and infrastructure services.

It should be noted that most of the variables of interest dealt within the economic sphere did not
indicate, by itself, an improvement in social development and life conditions indicators.
Consequently, in future works, a triangulation of methods is indicated, where the results of
qualitative research can also be considered, to cover the impacts that cannot be translated by
indicators, such as the oral history of the affected local population. In this case, the qualitative
approach provides a subsidy in the exercise of diagnosing and evaluating the socioeconomic
impacts of HPPs in the territory.

In conclusion, the impact assessment process applied in this paper allows the identification of
the benefits effectiveness and the existing challenges in HPPs implementation. The importance of
integrating sectoral policies and mega infrastructure projects with a regional development proposal



is also highlighted, considering the particularities of local ways of life, especially in regions of great
vulnerability, such as the Tocantins-Araguaia Hydrographic Basin.

Along these lines, it is possible to increase the quality of future projects with regard to the
environmental and regional development. It is expected that the notes and information collected will
contribute to the process of continuous improvement in the development and implementation of
public policies for the insertion of HPP, aiming at regional development and social well-being.
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