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Abstract

:

Hydroelectric energy is known for being renewable, clean, efficient and harmless in comparison to other nonrenewable energy sources. Nonetheless, the installation of a hydroelectric power complex (HC) in places, such as the Amazon, have proven to cause land cover changes, and alter local population dynamics. Issues like migration and city expansion can cause economic, social and cultural impacts locally, while the benefits are seen in other regions. The main objective of this study is to evaluate the socioeconomic indicators of the municipalities directly affected by the Tucuruí HPC. The study took into consideration three scenarios: the post-inauguration of the HC in 1988 (phase I), the beginning of construction in 2000 (phase II), and the completion of the Tucuruí HC in 2010 (phase III). Two types of multivariate analysis were conducted: the principal component analysis and cluster analysis, in order to identify the variables related to quality of life, and to be able to group the municipalities which have a similar quality of life. During the three scenarios studied, Tucuruí remained the only municipality with the highest quality of life index in the entire region, revealing the inequality present in the study area, which is something to be considered during the development of public policies.
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1. Introduction


Choosing a particular type of energy to supply a given country or region depends on the need to satisfy local demand, as well as on the country´s increased level of inclusion in the international economic market [1,2,3]. In Brazil, this increased inclusion became evident with the export of primary products, such as agriculture and mineral commodities, that attracted continuous interest in the country’s natural and energy resources [1,4]. During the last 50 years, Brazil´s economic growth has been directly related to large infrastructural projects, such as hydroelectric plants, to attend to the increase in electricity consumption, associated with the expansion of urban areas, and the increment of industrial and non-industrial activities [3,5,6,7].



In the Brazilian territory, hydroelectric dams are promoted under the concept of “energy security”. As a result, the country presents the highest hydroelectric potential in South America and supplies enough energy to meet the growing regional demand [4]. The main argument used to promote hydropower as Brazil´s preferred option is based on the temporary security in the supply of energy due to the formation of a reservoir and by the great hydroelectric potential still available in the Brazilian territory [7]. In addition, hydropower is considered to be the least-expensive option in terms of monetary investment per kWh of generation [8]. Nonetheless, the social and environmental costs are tremendous, given that the construction of such large projects are nourished by existing economic inequalities at the national and international level. These large projects are a way for the national economic center to appropriate the natural and human resources of a certain area inside the national territory [7,8].



The Brazilian energy model maintains a large part of its energy matrix derived from renewable resources, and has done so since the 1970s. Nevertheless, it was not until the 1990s that, as a result of the conjunctures of the oil crisis and the stimulus of the Japanese government, the Tucuruí hydroelectric complex (THC) was built with the objective of developing the energy intensive industry of aluminum in the Brazilian Amazon [4]. This led to Brazil becoming a worldwide example in the use of renewable energies [9,10]. Hydroelectricity became the main source of energy, and its lower cost allowed for the expansion of the energy matrix to meet future demand [11,12].



Hydropower is renewable, clean, efficient and allows multiple uses of water [13,14,15]. However, the installation of this type of mega project in the Amazon usually cause changes in land cover [16]. These changes are related to alterations in population dynamics and complementary infrastructure, affecting the way of life of the local populations [17,18,19]. The construction of the THC became a milestone in the socioeconomic dynamics of the region, which caused labor mobility, forming labor markets in the border areas of natural resource extraction. It also led to the resettling of residents of the flooded area, causing significant social problems in the region [4]. Migration and the expansion of cities substantially modified the regional structure, causing economic, environmental, social and cultural impacts locally, while the energetic benefits occurred in other regions [14,20,21,22,23,24]. Therefore, to ensure equitable social, economic and environmental development, it is important to evaluate whether the municipalities located near the reservoirs of hydroelectric plants have benefited in any way from the construction of the megaproject.



The construction of a development model that works under new economic bases and in harmony with the carrying capacity of natural systems requires the agents responsible for its conception to dispose of the extensive data collection and information that are representative of the various dimensions involved in the topic. In this context, the use of multivariate analysis methods is proposed for a better exploration of socioeconomic data, in which the municipalities are characterized by a set of variables and are interpreted as an indicator of the municipal quality of life [25,26].



The analysis of socioeconomic data is highlighted as a mechanism to identify the quality of life in the seven municipalities affected by the Tucuruí reservoir. In this study we will answer the following research question: what impacts have the construction of the Tucuruí megaproject had on the quality of life of its surrounding municipalities? The study encompasses a period of 19 years of operation, expansion and completion of the Tucuruí Hydropower Complex (HC), where socioeconomic and landcover variables were analyzed using the principal component analysis (PCA) method. Given its two decades of operation, the large hydroelectric reservoir presents an ideal case to understand the possible equitable improvements in the regional living standards that are associated with its presence.




2. Materials and Methods


2.1. Study Area


The study area corresponds to the municipalities of Tucuruí, Novo Repartimento, Itupiranga, Breu Branco, Goianésia do Pará, Jacundá and Nova Ipixuna (03°24′–05°28′ S, 48°22′–50°59′ W), all of which are connected by the Tucuruí reservoir (Figure 1).



The Tucuruí hydroelectric plant was the first large-scale hydroelectric project in the Amazon region [12]. It was built under the military dictatorship in Brazil that lasted between 1964 and 1985. As a result, the demand and development of the hydroelectric plant followed the economic evolution of the country, while at the same time detached from the environmental protection policies that only begun to be implemented by the law n. 6938 on 3 August 1981, as established by the National Policy of Environment and the Federal Constitution of 1988 [27].



The hydroelectric plant began commercial operation on 10 November 1984, with 4490 MW (Megawatts) of installed capacity in phase I of construction [20,28]. Its implementation was an important milestone in the regional socioeconomic dynamics, due to its large scale. Nonetheless, in 1984, the Tucuruí HC obstructed the Tocantins River, located in the state of Pará, and flooded an area of 2430 km2 [20,28,29]. The resettlement program for residents of the flooded areas generated important economic, political and social problems in the region, some of them related to the gross underpayment of compensation and suspected corruption [14,20].



In 1998, phase II of construction began, corresponding to the expansion of the hydroelectric power plant, and reaching an installed capacity of 8370 MW of electrical energy by 2007 [29]. In 2010, the Tucuruí floodgates were inaugurated, which made it possible to resume navigability along the Tocantins River, thus completing the Tucuruí hydroelectric megaproject [30].




2.2. Variables


The study is based on the definition of key variables that would make it possible to quantify and qualify the effects of the HPC in its surrounding municipalities. In the Amazon, the implementation of the HPC does not necessarily involve an equal social and economic development process for the affected region [5,9,12,13,19,21]. Usually, only a few municipalities benefit from the presence of the HPC, which justifies the need to use multivariate analysis to measure the degree of intervention in these areas.



The selected variables were chosen based on the availability of official census and land cover data. Additionally, the importance of the “life quality” of the seven affected municipalities was considered based on the good factorial relationship between the variables. Some of the variables used in this study for the correlation between socioeconomic data and deforested areas have been previously used by Sousa [31]. All of the information regarding the variables came from the official censuses by the Brazilian Institute of Geography and Statistics (IBGE), corresponding to the years 1991, 2000 and 2010 [32].



The variables used in this study are: TP—total population; TFR—total fertility rate; LEAB—life expectancy at birth; HDI—Human Development Index by municipality; in education (HDIE); HDIL—HDI by longevity; HDIR—HDI by rent; GDP—gross domestic product per capita; CPEISE—complete primary education and incomplete secondary education; CSEITE—complete secondary education and incomplete tertiary education; IMR—infant mortality rate and; IMR5—infant mortality among children five years of age and under.



Variables related to the temporal landcover around the Tucuruí reservoir were also used, corresponding to the post-inauguration periods of phase I (1988), beginning of construction (phase II) (1999) and completion of the Tucuruí HC (phase III) (2010). These variables correspond to anthropized areas (ANA), urbanized areas (UZA) and the percentage of flooded areas (PFA), and they were obtained during the mapping carried out in previous studies [33,34].



Given that the variables do not have the same scales or units, it was necessary to normalize them, in order to make them dimensionless, resulting in values between 0–1. For the statistical analysis, two multivariate methods were used; the principal component analysis (PCA), and the cluster analysis.



The PCA was used to reduce the original 14 correlated variables to a set of uncorrelated variables defined as principal components. Each principal component (C) is a linear combination of the original variables. Once the two principal components (C1 and C2) have retained enough information of the original variables, every municipality represented by the 14 variables can be represented by the two new components (C1 and C2) [26,35]. The PCA allowed the discrimination of variables during the process of groups formation, as indicated by the variable´s correlation coefficient in the lineal combination of the principal component. The higher the absolute value of the correlation coefficient, the higher the weight of the variable in the lineal combination. On the other hand, the conglomerate analysis allowed the separation of the municipalities in clusters, based on the mean Euclidian distance between them [36].



The processing was carried out using the SPSS software (Statistical Package for the Social Sciences) Statistics, created by IBM (International Business Machines) to analyze and understand large amounts of data, using advanced statistical procedures [37].





3. Results and Discussion


The results of the principal component analysis for the post-inauguration scenarios of phase I, beginning of construction (phase II), and completion of the Tucuruí HC (phase III) are shown in Table 1. This includes the correlation coefficients between the original variables and the principal components (C1 and C2), as well as the order of the variables according to their discriminatory capacity.



For the 1991 scenario, the most discriminatory variables were HDIE, CPEISE, CSEITE, UZA, LEAB and HDIL, while the least discriminatory variables were ANA, TP, TFR, HDIR, and GDP. In the 2000 scenario, the variables that were more discriminatory were slightly different, these being HDIE, CPEISE, LEAB, HDIL, and IMR, while the least discriminatory variables were TP, UZA, ANA, HDIR, and GDP. Finally, for the 2010 scenario, the most discriminatory variables were CSEITE, GDP, PFA, HDIE and CPEISE, while the least discriminatory variables were TFR, TP, ANA, UZA and LEAB.



The variables a priori could be separated in two classes: the variables for which high values indicate a higher quality of life, denominated as class 1 variables (UZA, LEAB, CPEISE, HDIE, HDIL, HDIR, CSEITE, PFA, TP y GDP), and the rest of variables which high values indicate a lower living standard, denominated as class 2 (IMR5, IMR, TFR, ANA).



Table 1 shows how for all the scenarios (1991, 2000 and 2010), the first component (C1) presented a positive correlation with the variables of class 1, and had a negative correlation with the variables of class 2. As a result, the better the indicators of the municipality, the higher their respective C1 value will be. In addition, the first component retained 78% of the information contained in the original 14 variable set for the year 1991, 81% for the year 2000, and 71% for the year 2010, and thus can be considered as a “life quality index” for the municipalities.



The second component (C2) during the 1991 scenario highlighted the variables ANA, TP and UZA as the variables with the highest positive correlation. On the other hand, the variables that presented the highest negative correlation were TFR, HDIR, GDP and HDIL. This indicates that the second component is associated with higher population rates, and lower TFR, HDIR, GDP and HDIL rates. During the year 2000, the second component (C2) highlighted the variables TF, UZA, CSEITE and ANA as the variables with the highest positive correlation, and the variables HDIR, GDP, HDIL and LEAB with the highest negative correlation, effectively indicating a positive association to population size (TF, UZA, ANA) and secondary education rates (CSEITE), and a negative association to human development index (HDIR, HDIL, GDP and LEAB). Nonetheless, given that the second component only retained 13%, 12% and 15% of the information from the original variables, its practical meaning would not receive as much importance as the first component, which will be directly connected to “life quality”.



In terms of values by municipality (Table 2), in the 1991 scenario, the lowest values of C1 corresponded to the municipalities Goianésia do Pará, Nova Ipixuna, Breu Branco and Jacundá, classifying them as the municipalities with the lowest standard of living. On the other hand, the Tucuruí municipality presents the highest value, indicating the best standard of living in the region.



For the year 2000, the lowest values of C1 highlighted the municipalities of Itupiranga and Novo Repartimiento with the highest negative values, therefore, classifying them as the municipalities with the worst standard of living. This is a drastic change if we consider that the same municipalities had positive values in the year 1991. The municipalities Jacundá, Goianésia do Pará and Nova Ipixuna experienced the opposite, a drastic change from negative values to positive, indicating improvements in their quality of life. The Tucuruí municipality remains the municipality with the best standard of living of all during the tree time periods. The changes between the year 2000 and 2010 were minor, considering that mostly all of the municipalities maintained a similar value in both years, with the exception of the municipality Goianésia do Pará, which experienced a drop to negative values once again.



In terms of the second component (C2), in the year 1991, the municipalities with the lowest values were Novo Repartimento, Itupiranga and Nova Ipixuna. As mentioned before, the C2 component is related to the ANA and TP variables. This is evident when realizing that between 1988 and 2000, around 1438 municipalities were created, and 1145 of them had less than ten thousand inhabitants [38]. On the other hand, the municipalities that presented high positive values of C2 were Tucuruí and Jacundá, with Tucuruí being the oldest municipality of the region.



In the 2000 scenario, the lowest C2 values were related to the municipalities Nova Ipixuna, Goianésia do Pará and Breu Branco. Tucuruí maintained its position as the most populated municipality, with a population of 60,918 [39] and thus remained number 1 with the highest C2 value. Finally, for the 2010 scenario, the lowest C2 values appeared in Nova Ipixuna, Goianésia do Pará and Jacundá. Tucuruí remained in the first place, with the highest positive value, followed by Novo Repartimento.



The ordered pairs graph based on the principal component analysis of each factor, inferred four categories with two clusters of municipalities for each of the scenarios studied (Figure 2).



It should be noted that for the years 1991, 2000 and 2010, the municipality of Tucuruí stands out alone, maintaining the highest values (G1), with a slightly lower index in C1 for the years 2000 and 2010, compared to the scenario of 1999. This coincides with the results obtained from first principal components (C1) (Table 2).



The upper intermediate category (G2), in the first scenario of 1991, is represented by the grouping of the municipalities Novo Repartimento (REP) and Itupiranga (ITU) (Figure 2a), forming a homogeneous set, in relation to factor C1, with a mean of 0.255 and standard deviation of 0.045. However, for the years 2000 and 2010, these municipalities fell into the category of worst quality of life index (G4) (Figure 2b,c). In the year 2000, the C1 factor presented a mean of −1329, with a standard deviation of 0.19, whereas, for the year 2010, the mean value of the C1 factor was −1171, with a standard deviation of 0.060. Consequently, this data is consistent with the order of the municipalities according to the quality of life shown in Table 2, with the exception of 2010, in which the municipalities of Novo Repartimento and Itupiranga occupy the third and fifth place, respectively.



In the low intermediate category (G3) of 1991, the municipality of Jacundá (JAC) stood out in isolation (Figure 2a). For the years 2000 and 2010, Jacundá presented a relevant improvement in its life quality index (Figure 2b,c), within the G1 and G2 categories, respectively. These categories agree with the municipal order, according to life quality (Table 2), in which Jacundá is consolidated as the municipality with the second-best life quality index in the region, during the years 2000 and 2010.



The last category (G4), illustrates how during the 1991 scenario, the municipalities Breu Branco, Nova Ipixuna and Goianésia do Pará are characterized as a heterogeneous group with the worst indicators for quality of life. The group had a factor 1 mean (C1) equal to −0.728 and a standard deviation of 0.15 (Figure 2a). Nonetheless, during the years 2000 and 2010, these municipalities reflected improvements in different proportions (Figure 2b,c). In 2000, the municipality of Breu Branco moved to the G3 category, and the municipalities of Goianésia do Pará and Nova Ipixuna were placed in the G2 category, with a mean value of C3 equal to 0.23 and standard deviation of 0.313. For the 2010 scenario, the municipalities of Breu Branco and Nova Ipixuna remained in the same categories as in 2000, while the municipality of Goianésia do Pará fell to the G3 category, with a mean value of C5 equal to 0.056 and standard deviation of 0.459. It is important to highlight that the order displayed in Figure 2 coincides with the hierarchies of the municipalities according to the life quality index of Table 2, with the exception of the 2010 scenario, where the municipalities of Goianésia do Pará, Nova Ipixuna and Breu Branco are located in the fourth, sixth and seventh position, respectively.



By 1991, the municipalities of Novo Repartimento, Goianésia do Pará and Itupiranga contained the largest extensions of anthropized areas [34]. However, out of the three municipalities, Novo Repartimento and Itupiranga experienced the best life quality (cluster G2), while Goianésia do Pará had the worst life quality in the entire region (cluster G4) (Figure 2a). In 2000 and 2010, the municipalities of Novo Repartimento, Itupiranga and Goianésia do Pará continued to have the largest anthropized areas [33]. Itupiranga and Novo Repartimento continued in the G4 cluster, without any improvement in their life quality indicators, while Goianésia do Pará showed an improvement in theirs (Figure 2b,c), by being located in the G2 and G3 clusters, for the years 2000 and 2010, respectively.



The municipality of Tucuruí was the only one that presented the highest values in all its original variables associated with the main component C1, which reveals a high life quality pattern. At the same time, it has the lowest values in all its original variables associated with the C2 component, which accentuates Tucuruí as the municipality with the best life quality in the study region. This confirms an inequality in the socioeconomic indexes of the region. It is important to consider this peculiarity in the planning of future megaprojects of similar dimensions, as well as in the development of public policies in favor of the affected communities and/or municipalities. It is important to allow the effective administration of the resources obtained from the financial compensation received by each impacted municipality, to promote the socio-economic and environmental development of the region.



Law n° 7990/1989 defines the financial compensation that electrical service concessionaires in Brazil must pay to the states and municipalities in whose territory there are facilities located for the production of electrical energy, or areas occupied by reservoirs. Therefore, the financial compensation is proportional to the flooded areas [40]. The resources resulting from the financial compensation must be applied in accordance with local interests and needs [41]. Therefore, it is expected that the resources distributed to the municipalities will be invested to minimize the negative impacts of hydroelectric projects, in such a way that allows for adjusting the social and economic local structure to the new conditions imposed by the construction of the hydroelectric power station, with the intention to promote the social and economic development of all municipalities.



For the Amazon region, the implementation of large projects and the improvement in the quality of life are factors that can be positively correlated, but the lack of integration of public policies in general have not made it a reality. Territorial ordering is linked to deforestation, which expands towards conservation areas, by virtue of biodiversity or water potential [4,7]. The result is the consumption of these goods without a vision for the future. In Brazil, the clearest example is the so called “water crisis” that affects the southern and southeastern states of the country. Their main hydrographic basins have been transformed into reservoirs, responsible for supplying several municipalities and state capitals, in addition to the main industrial and agricultural pole of the country [8]. As a result, actions in these regions in the south and southeast suffered the consequences of the climatic extremes, with the reduction of rainfall and the difficulty of maintaining the energy supply [27]. The Tucuruí HPP and the states of the northern region (Brazilian Amazon) suffer from these effects due to the fact that the hydroelectric plant acquires a more important role in the national energy distribution network, and local consumers begin to pay more for electric consumption.



According to Rocha [42], the Tucuruí hydroelectric project began from exogenous development models and became an enclave of construction in the region. This transformed the structure and dynamics of the subregional system, modifying the space from an economic and cultural point of view, and reorganizing the local territory.



All the conjuncture referred to in this study should be considered in evaluation studies of the variation of the socioeconomic indicators in regions affected by this type of megaproject. In the same way, it is necessary to consider all of the municipalities affected by the hydroelectric dams, and not only focus on the main or most important municipality, as this does not correspond to the regional reality. Other studies have evaluated the level of sustainability of ten hydroelectric energy producing municipalities within the State of Pará using the sustainability barometer. They only considered the municipalities that exclusively house the hydraulic turbine, and of these, Tucuruí presented the best level of sustainability among the ten municipalities [5]. Therefore, it can be interpreted that the Tucuruí HC contributed to achieving this level of sustainability. However, this result is not a true reflection of the development of the entire affected region. It is necessary to include all of the municipalities affected by each megaproject in order to demonstrate the reality of the “development” produced by hydroelectric plants in the affected regions.




4. Conclusions


The results classified four categories of municipalities with different life quality indexes for the 1991, 2000 and 2010 scenarios. Goianésia do Pará, Nova Ipixuna and Breu Branco are in the category of municipalities with the worst indicators of life quality for the first scenario, and Itupiranga and Novo Repartimento remained in the same category, for the years 2000 and 2010. The municipalities of Jacundá, Itupiranga and Novo Repartimento were categorized with a regular life quality index in 1991. On the contrary, for the scenario 2000 the municipalities of Breu Branco, Goianésia do Pará and Nova Ipixuna were categorized with a regular life quality, and by 2010 the municipality of Jacundá was included in this category. In addition, the municipalities of Novo Repartimento, Goianésia do Pará and Itupiranga have the largest extensions of anthropogenic areas in the region, without showing significant improvements in their living standards for the years 1991, 2000 and 2010. The municipality of Tucuruí always stood out in isolation, categorizing itself as the municipality with the best life quality index.



Therefore, the conformation of the groups in this study concludes that even though, according to the law n° 7990/1989, all of these municipalities have received compensation to promote their social and economic development and minimize the impact of the hydropower complex in the area, only one municipality has managed to consistently use these resources to benefit its population. It is clear that the finding of such differences requires the joint consideration of all of the municipalities affected by this type of megaproject when developing public policies for the equitable benefit of the entire impacted region, including future impact evaluation studies produced by these undertakings. Nonetheless, it is important to clarify that the differences in life quality observed in this study are based uniquely on the variables included and expanding the number of variables can create differences in the results. In addition, even though our main focus was the Tucuruí dam and its effect on life quality, the differences in life quality can also be connected to other reasons that were not covered in the present study.
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Figure 1. Tucuruí Lake and the seven municipalities affected by the reservoir. 
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Figure 2. Ordered pairs graph of the seven municipalities affected by the reservoir, based on the two factors resulting from the principal components analysis, between the group of C1 variables, and clusters for the years (a) 1991, (b) 2000 and (c) 2010. 
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Table 1. Correlation coefficients between the original variables (*) and the main components, of the 1991, 2000 and 2010 scenarios.
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Variables

	
1991

	

	
2000

	

	
2010




	
C1

	
C2

	
Order

	

	
C1

	
C2

	
Order

	

	
C1

	
C2

	
Order






	
ANA

	
−0.50

	
0.72

	
14

	

	
−0.85

	
0.34

	
12

	

	
−0.71

	
0.32

	
12




	
UZA

	
0.95

	
0.26

	
4

	

	
0.84

	
0.52

	
13

	

	
0.76

	
0.37

	
11




	
LEAB

	
0.93

	
−0.19

	
5

	

	
0.97

	
−0.15

	
3

	

	
0.84

	
−0.52

	
10




	
CPEISE

	
0.95

	
0.18

	
2

	

	
0.97

	
0.12

	
2

	

	
0.91

	
0.03

	
5




	
HDIE

	
0.99

	
0.12

	
1

	

	
0.99

	
0.06

	
1

	

	
0.94

	
0.11

	
4




	
HDIL

	
0.93

	
−0.20

	
6

	

	
0.96

	
−0.15

	
4

	

	
0.85

	
−0.51

	
7




	
HDIR

	
0.85

	
−0.38

	
11

	

	
0.87

	
−0.38

	
11

	

	
0.91

	
0.25

	
6




	
CSEITE

	
0.95

	
0.20

	
3

	

	
0.91

	
0.35

	
8

	

	
0.94

	
0.21

	
1




	
IMR5

	
−0.92

	
0.21

	
7

	

	
−0.96

	
0.19

	
6

	

	
−0.84

	
0.51

	
8




	
IMR

	
−0.92

	
0.21

	
8

	

	
−0.96

	
0.19

	
5

	

	
−0.84

	
0.52

	
9




	
PFA

	
0.91

	
0.13

	
9

	

	
0.93

	
0.25

	
7

	

	
0.94

	
0.27

	
3




	
TP

	
0.71

	
0.68

	
13

	

	
0.50

	
0.85

	
14

	

	
0.68

	
0.32

	
13




	
GDP

	
0.88

	
−0.33

	
10

	

	
0.90

	
−0.30

	
10

	

	
0.94

	
0.24

	
2




	
TFR

	
−0.84

	
−0.48

	
12

	

	
−0.90

	
0.05

	
9

	

	
−0.61

	
−0.70

	
14




	
% Variance

	
78

	
13

	

	

	
81

	
12

	

	

	
71

	
15

	




	
% Variance Acum.

	
78

	
91

	

	

	
81

	
93

	

	

	
71

	
86

	








(*) ANA—anthropized; UZA—urbanized area; areas; LEAB—life expectancy at birth; CPEISE—complete primary education and incomplete secondary education; HDI—Human Development Index by municipality; in education (HDIE); HDIL—HDI by longevity; HDIR—HDI by rent; CSEITE—complete secondary education and incomplete tertiary education; IMR—infant mortality rate and; IMR5—infant mortality among children 5 years of age under; PFA—percentage of flooded areas; TP—total population; GDP—gross domestic product per capita; TFR—total fertility rate.
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Table 2. Main components of the municipalities and order of the “life quality” indicated by factor 1 (C1 and C2) of the 1991, 2000 and 2010 scenarios.
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Municipality

	
1991

	

	
2000

	

	
2010




	
C1

	
C2

	
Order

	

	
C1

	
C2

	
Order

	

	
C1

	
C2

	
Order






	
Breu Branco

	
−0.55

	
0.26

	
5

	

	
−0.18

	
−0.32

	
5

	

	
−0.19

	
−0.05

	
7




	
Goianésia do Pará

	
−0.92

	
0.16

	
6

	

	
0.29

	
−0.79

	
4

	

	
−0.34

	
−0.50

	
4




	
Itupiranga

	
0.21

	
−0.99

	
3

	

	
−1.52

	
0.45

	
7

	

	
−1.23

	
0.29

	
5




	
Jacundá

	
−0.35

	
1.54

	
4

	

	
0.89

	
−0.25

	
2

	

	
0.72

	
−0.35

	
2




	
Nova Ipixuna

	
−0.71

	
−0.20

	
7

	

	
0.58

	
−1.19

	
3

	

	
0.70

	
−1.62

	
6




	
Novo Repartimento

	
0.30

	
−1.44

	
2

	

	
−1.14

	
0.21

	
6

	

	
−1.11

	
0.65

	
3




	
Tucuruí

	
2.02

	
0.66

	
1

	

	
1.07

	
1.88

	
1

	

	
1.45

	
1.58

	
1
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