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Abstract

The Guama River basin covers 19 municipalities located in northeastern Para,
with great diversity of land use forms and the highest population density of
the state. In this research, its water sustainability was evaluated, based on
the hydrological, environmental, social and management aspects, in its 8 sub-
basins. The hydrological indicator showed a medium behavior for the sub-
basins; the environmental highlighted the fragility of the resilient vegetal
cover; the social performance presented the worst performance; and the
management pointed out the need for institutional strengthening. The Guama
river basin in general obtained an intermediate sustainability index, but the
partial results indicated that for measures geared to the strategic planning
and management, to minimize pressures on the remaining vegetation,
enhancing institutional capacity and improving the quality of life of the
population and resources, with the intention of enhancing the sustainability of
the basin.
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INTRODUCTION

Significant demographic growth has led to a
greater demand for water resources to meet
the needs of both the population and the
industry, but changes in vegetation cover lead,
in the medium to long term, to altered water
potential (PRATES; BACHA, 2011). This
highlights the need for institutional and
technological advances for the recovery and
protection of water systems, as well as new
perspectives for preventive, integrated and
adaptive management (MARQUES, 2017).

The per capita consumption of water
increases as soclety's income improves, and
this resource is used for various purposes
directly related to regional, national and
international economies. The most common
and frequent are domestic, irrigation,
industrial and hydroelectric uses, which
demand the proper management of this
resource (RIBEIRO; PIZZO, 2011).

From the 1980s onwards, the
modernization of water management models
incorporated the concept of sustainability,
stressing the importance of environmental and
water through public

development policies (CARVALHO, 2014).

management
Maintaining water sustainability 1is of
paramount importance, as this takes into
account quantitative and qualitative
availability aligned to a balanced access,
within the uses and requirements of each river
basin (TRINDADE; SCHEIBE, 2019). Water

sustainability implies maintaining a dynamic

balance between water supply and demand so

that water sources are used at rates that are
equal or below their resilience (SOOD;
RITTER, 2011).

Suitable instruments for assessing the
efficiency of water and environmental systems
are among the ways to subsidize water
resource management, promoting sustainable
development (CARVALHO et al., 2011).
Therefore, the development of a water
sustainability index allows a multidisciplinary
analysis of various aspects of integration of
(VIEIRA; STUDART,

various

2009).

parameters

Although various environmental aspects
of sustainability and water scarcity indices are
available, they are not designed to assess river
basins, to consider the integration among their
various components. In this context, the
International Hydrological Programme (IHP)
of the United Nations Educational, Scientific
and  Cultural Organization (UNESCO)
initiated and supported the research and
development of indices accordingly to the
development strategy of each place where they
are applied (CORTES et al., 2012).

The creation of water sustainability
indicators is based on the principles of supply
control by management and monitoring of
availability, according to FAO (2017), and this
premise 1s associated with the perception of
sustainable consumption and control of water
scarcity and pollution.

The methods to evaluate these indicators
vary according to the proposed objectives,

involving concepts such as sustainability,

vulnerability, ecological footprint, and social
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and environmental parameters (SULLIVAN et
al., 2003; BOHRINGER; JOCHEM, 2007;
BLANC et al., 2008; EMERSON et al., 2010).
In general, they use statistical concepts such
as arithmetic average through
standardization, equally weighted average,
statistical

weight distribution based on

analysis, and consultations of
(WELSCH et al., 2005; NARDO et al., 2008;

RICKWOOD; CARR, 2009). Selecting the best

experts

method depends on the characteristics of the
model and the parameters adopted (JUWANA
et al., 2012).

Among the hydrological performance
indices (more focused on the evaluation of
water availability based on
hydrometeorological factors), the Standardized
Precipitation Index; Palmer Drought Index;
Precipitation Anomaly Index; and Aggregate
Drought Index stand out (KEYANTASH,
DRACUP, 2004; BLAIN; BRUNINI, 2007,
SOUSA et al., 2010; FARO et al., 2019).

There are also indices involving
biophysical and socioeconomic parameters,
such as the Integrated Water Resources
Management Index; Water Sustainability
Index; Potential Water Resources Degradation
Index; and Water Quality Index (SULLIVAN,
2002; XU et al., 2002; BOYACIOGLU, 2007,
CHAVES; ALIPAZ, 2007; TEJADA-GUIBERT
et al., 2015; FERREIRA et al., 2016; SILVA et
al., 2017).

Composite indices (WILLET et al., 2019)
are built by aggregating indicators, and their
results are useful for decision-makers because
can be

large amounts of information

condensed into more manageable and
comparable values for better application and
representativeness.

According to the Habitat Conservation
Trust Fund - HTCF (2003), watershed
sustainability indicators must meet some basic
criteria to be useful. They must be available
and easily accessible, understandable, reliable,
relevant and integrative. The application of a
water sustainability index that addresses
different socioeconomic and environmental
responses 1is useful to verify the level of
sustainability of watersheds, allowing the
collection of a set of indicators, besides
enabling the elaboration of instruments
capable of identifying obstacles that hinder
management (CHAVES; ALIPAZ, 2007).

In this context, the Guam4 river basin,
located in the Hydrographic Region of the
Atlantic Coast, in the northeast of the state of
Para - Brazil, comprises 19 municipalities in
the domain of the Amazon biome within the
area of influence of the so-called “Amazon
Deforestation Arch”, which has been subjected
to an accelerated deforestation process in
recent years (RIVERO et al., 2009; SILVA et
al., 2013; BARROSO et al., 2015).

Relevant analyses of the Guami river
basin in the context of waters of northeastern
Para have indicated the need for a perception
of the composition and structure of its
landscape (BEZERRA et al., 2011; SANTOS et
al., 2016), as well as the need to collect
relevant information for the analysis of the
quality of life of the population of this area, so

as to adopt actions aimed at its management.
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The objective of this research was to
apply a water sustainability index adapted
from Chaves and Alipaz (2007) to the Guama
river basin. The spatial analysis of the
landscape was associated with surface runoff
parameters to compose the
hydroenvironmental axis, and aspects related
to the population's quality of life and focused
institutional

on the capacity of the

municipalities to form the social and
management axis.

The results of the study aimed at
obtaining a set of specific indicators for the

Guama river basin (and the municipalities

that compose it), as well as enabling the

elaboration of tools to identify the obstacles to
water management in the area that can
contribute to the planning of land use and
occupation from the perspective of the
Amazonian water territory, according to

Becker (2009) and Aragén (2018).

MATERIAL AND METHODS

Study Area

The Guaméa river basin is located in the
northeast of the state of Para and covers an

area of about 11,870 km?2, representing 1% of

the area of the state (Figure 1).

Figure 1 - Location of the study area.

X008

T
o0

00S
2°00°S

Legend

Municipal limits

® Municipal headquarters
/\/ Hydrography

0To0W 00w WoowW ¢s'o;0'w
e
R’ .4 Santa Birbara o Paré  Santa lsabel doPard ) . Castaihal
LK\/ < / ! L4
AL :
el STV g
- > - 4 -
£ g & g

o b
/" Goncordiado Pars

T
2°00"S

Upper Guama sub-basin
Lower Guama sub-basin

Apeu Stream sub-basin

. |RR AP i i e 7
b L5 Mae do Rio Stream sub-basin
= i | Middle Guama east sub-basin_
Middle Guama west sub-basin 3
AM Bujaru river sub-basin
MA Sujo river sub-basin
Ipixuna do Pard
T 0 stho 20 L
WT P [ s
oa'a'rn SCOTW 45‘0’0’w

Source: Hydroenvironmental Studies and Modeling Lab (LEMHA), 2018. Org.: The author, 2018.

The river basin 1is inserted in the

Hydrographic Region of the Atlantic Coast -

Northeast, according to Resolution 04/2008 of

the Water Resources Council of the state of
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Para. The Guama4 river basin is a large area
formed by 19 municipalities with intense
economic activity centered in industry,
mining, commerce and agriculture. They are:
Capitdo Poco, Garrafao do Norte, Irituia, Sio
Miguel do Guamad, Bujart, Santa Luzia do
Para, Concérdia do Para, Santa Izabel do
Para, Inhangapi, Castanhal, Sdo0 Domingos do
Capim, Ourém, Mae do Rio, Belém, Acarj,
Bonito, Benevides, Marituba and Ananindeua,
with a total of nearly 2,700,000 inhabitants

according to the last census (BRASIL, 2010).

Water sustainability assessment

The calculation of the Water Sustainability
Index (WSI) for the Guama river basin was an
adaptation (for the condition of State) of the
methodology applied by Chaves and Alipaz
(2007), which takes into account hydrological
social (S) and

(H), environmental (E),

management (M) aspects, because the
sustainability of a basin is a dynamic process.

For the application of the index in large
basins such as Guama4, it is more feasible to
divide the basin into sub-basins and calculate
its total value in a weighted way.

Thus, the Guama river basin was
divided into eight sub-basins for analysis,
namely: Lower Guama, Apeu Stream, Bujara
River, Middle Guaméa west sector, Middle
Guama east sector, Mde do Rio Stream, Sujo
River, and Upper Guama4, delimited according
to the river flow system and considering the

main river and 1ts tributaries.

To analyze the environmental variable

(E), a land use and land cover map was

created, defining eight classes adapted
according to the IBGE Land Use Manual
(BRASIL, 2013): vegetated area, agriculture,
occupation areas, uncovered soil, pasture,
water bodies, unobserved areas, and others.

The map was generated through the
supervised classification method for
multispectral images based on the Maximum
Likelihood (MaxVer) classifier, performed
pixel by pixel, using the ENVI software in
orthorectified satellite images of the RapidEye
system (high resolution, in a total of 43 scenes,
dated 6/29/2011, 7/28/2011, 8/4/2011,
10/23/2011, 7/31/2012, 8/2/2012, 9/13/2012,
10/24 /2012, 01/08/2013, 04/09/2013,
17/08/2014 and 25/11/2014, which contain five
spectral bands, obtained through the Geo
Catalog of the Ministry of the Environment
(MMA); the selected scenes presented better
conditions related to the lower cloudiness
index, which favors the analysis and
classification of targets), which allowed the
analysis of the landscape and the
quantification of areas that have forest cover
(ratio between total area of each sub-basin and
the forested area). Results were validated
through field surveys.

Regarding the hydrological variable (H),
the hydrological curve number - CN model was
used. This model is designed to estimate the
surface runoff dynamics in sub-basins,
according to the analysis of land use and land
cover types. Soil Conservation Service (SCS)
procedures, adapted by Calzavara and

Fernandez (2015) for Brazilian conditions,
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were adopted. Precipitation values were
obtained from data collected by 11 rainfall
stations located in the area of direct influence
of the Guama river basin (series from 1985 to
2015), available from the National Water
Agency (ANA) Hydro 1.2 software. These
values were spatialized according to the
Thiessen Polygon method, which assigned a
weighting factor to the precipitated totals in
each rain gauge to their respective area of
influence (CORREIA; RIBEIRO; BAPTISTA,
2015).

Information on social issues of the
municipalities that compose the sub-basins
was used in the analysis of the social variable
(S), taking into account institutional, political
and socioeconomic aspects linked to the
affect  the

population, that  directly

management of water resources. They
included the municipal human development
index (MHDI), municipal Gini Index (BRASIL,
2010), water consumption index, and total
water supply index per municipality according
to the National Sanitation Information System
- NSIS (BRASIL, 2016). These data were also
investigated from information provided by
municipal secretariats and the state
government.

After obtaining the variables, arithmetic
averages were used to calculate the social
indicator for each municipality (Equation 1).
This indicator contributed to compare and
analyse the municipalities. Then, the weighted
average was used so that the social indicators

of each municipality were spatialized in their

respective sub-basins, i.e. the area of each

municipality within the sub-basins was
considered (Equation 2). Thus, a social
indicator was obtained for each sub-basin and
used to determine the WSI, where: Smi = social
indicator per municipality; Si = wvariables
analyzed; n = number of variables; S = social
indicator in the sub-basin; Ai = area of the
municipality within the sub-basin (ha); A =
total area of the sub-basin (ha).

L5

sz’ = Tl (1)
n = .

= E L:':‘lEn:u (2)

Finally, the analysis of the management
variable (M) assumed arithmetic and weighted
averages, likewise in the previous variable,
and referred to characteristics that influence
the environmental management capacity of
the municipalities that are part of the sub-
basins (Table 1). They correspond to 13
attributes collected from the databases of
IBGE, SNIS, Green Municipalities Program,
and websites of the City Halls. Weights from 0
to 1 were assigned to each sub-basin, so that
conditions  of  the

the management

municipalities could be analyzed and
compared, where O indicates bad conditions
and 1 good conditions.

To calculate the WSI from indicators
that fit the evaluated aspects (H, E, S, M),
each one of them was divided into five scale
scores (0; 0.25; 0.50; 0.75 and 1) to simplify the
estimate, where O represents the worst

conditions and 1 the best conditions (Table 2).
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Table 1. Parameters for the evaluation of municipal management.

Classification = Weigth/Variables

o) =
= 1004) 10% <G <20%=0.25 20% <G <30%=0.5 30% < G<50%=0.75 >50% =1

- Degree of Coverage according to the Rural Environmental Registry (RER)

Individual = 1 | Associated = 0.5 | Absent =0
- Environment Secretariat

High Impact = 1 | Low Impact = 0,5 | No=0
- Performs Environmental Licensing

Existent = 1 | Non-existent = 0

- Environmental Legislation - Municipal Environment Council
Yes =1 | No =0

- Participation in the Green Municipalities Program - It has Basic Sanitation Plan
- Environmental management information by - It has Sanitation Policy
internet - It has qualification for environmental
- Realization of environmental education actions in management
the municipality - It has Municipal Fund of the Environment
- Existence of Land-Use Planning

Org.: The Author, 2018

Table 2. Variables for the application of the WSI.

Level defined in

Indicator Parameters of state defined in this proposal . Pw
this proposal
<0.1 0.00
0.1<H<0.25 0.25

Flow potential from the hydrological curve number -

Hydrological 0.25 <H <0.50 0.50
CN model 050<H<0.75  0.75
>0.75 1.00
< 5% 0.00
0, 0,
Environmental % total area of the basin and area occupied by forest 155&11?; 31350& 823
cover 30% <E<45%  0.75
E > 45% 1.00
<0.5 0.00
Based on the MHDI, Gini index, and Sanitation 0.5<S<0.6 0.25
Social Index according to the National Sanitation 0.6<S<0.75 0.50
Information System - NSIS. 0.75<S5<0.9 0.75
>0.9 1.00
<10% 0.00
Institutional capacity of the basin: level of 10% <M < 20% 0.25
Management organization of the environmental management 20% <M < 30% 0.50
system 30% <M < 50% 0.75
> 50% 1.00

Org.: The Author, 2018

The WSI corresponds to the sum of considered, divided by the total number of

variables, according to each parameter variables adopted (Equation 3). All indicators
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have the same weight since none of the
variables is considered more important than
the others, but rather complementary for the
sustainability of the basin. They were:

hydrological (p,,;), environmental (pwe), social
(P,-5), and management (rwm) aspects, rated

from O to 1 (0 indicates poor conditions and 1
indicates optimal conditions). The expression
ni represents the variables considered (Table
2). After obtaining the results, they were
classified for each sub-basin according to Table
3. With the analysis of the resulting
sustainability indices for each sub-basin, a
weighted average in relation to the area was
applied to obtain the WSI of the entire Guama

river basin.
ISH=) pui/ ) n;
3

Equally weighted analysis facilitates
structuring the dimensions of the indicators,
assuming  that they  have intrinsic
characteristics with water management, are
measurable, approachable and comparable, so
that redundancy effects among the selected
variables are reduced (CARVALHO et al.,
2013). The analysis allows the integration of
criteria and

heterogeneous options

simultaneously, as for example in the
assessment of water sustainability. These
factors are highlighted by Flores-Alsina et al.
(2010) in the assessment of the water quality
index and by Chuang et al. (2018) in the

evaluation of hydroenvironmental indicators

in coastal systems.

Table 3. Classification of WSI values.

ISH (0.00 - 1.00) Performance
<0.20 Bad/unsustainable
0.21 to 0.40 Poor/potgntlally
unsustainable
0.41 to 0.60 Medium/intermediate
0.61—0.80 Good/po.tennally
sustainable
>0.81 Very good/sustainable

Source: Adapted from Carvalho et al. (2011).
Complementarily, alming  at an

integrated analysis, the results were
presented in cartographic format and using
cluster analysis. The clustering methodology is
a multivariate statistical analysis that enables
the identification of groups with homogeneous
considering

characteristics (k-means),

mathematical calculations of proximity
(similarity) to all pairs of objects and between
each object and subgroups. such that the
distances between the members of a subgroup
are minimal and distances between subgroups
are maximum (YOSHIMITANAKA et al,
2015). Results are presented as groupings and
heatmaps, where each cell corresponds to the
position occupied by the value of a given

variable in a unit of analysis.
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RESULTS AND DISCUSSION

Environmental indicator

The analysis of the land use and occupation
of the

map allowed the identification
percentage of areas with vegetation (Table 4),
and this result identified which sub-basins
had the best and worst representativeness in
terms of environmental indicator.

It was observed that the sub-basins that
presented the best conservation stage, with
the occurrence of vegetated areas, were Lower
Guama (57.87%) and Bujaru River (55.51%).
In turn, the ones with the largest presence of

altered areas were Miae do Rio Stream

(24.07%) and Upper Guama (29.08%).

It is noteworthy that the largest
concentration of altered areas was

associated with municipalities that have
characteristics focused on agribusiness, with
small and medium producers that meet the
needs of the state and large producers that
serve the rest of Brazil and the foreign market
(REBELLO et al., 2011).

The results obtained are in agreement
with what Watrin et al. (2009) highlight to the
northeast region of Para, with pasture being
the dominant pattern of land use. The same
was observed by Pereira et al. (2015) for the
Apeu Stream basin, and by Nascimento and
Fernandes (2017) for a sub-basin of Upper

Guama.

Table 4. Area corresponding to vegetation cover in the sub-basins analyzed.

Area of the sub-basin

Total vegetation Total vegetation

Sub-basin (ha) area (ha) area (%)

Upper Guama 331,639.30 96,444.02 29.08
Apet Stream 74,737.99 29,318.04 39.23
Sub- basin of Médio Guama Oeste 142,137.30 53,676.70 37.76
Lower Guamé 163,960.76 94,885.30 57.87
Mae do Rio Stream 155,244.52 37,359.57 24.07
Middle Guama east 191,134.49 66,943.62 35.02
Bujar river 99,019.23 54,964.38 55.51
Sujo river 46,012.53 17,046.30 37.05

Total 1,203,886.12 450,637.93 37.43

Org.: The Author, 2018.

Vegetation cover is of fundamental
importance for the functioning of several
processes that occur in an ecosystem, such as
infiltration or runoff processes, energy
balance, maintenance of weather conditions,
among others. Changes in vegetation cover
caused by deforestation or implementation of
agricultural activities can lead to several

negative environmental impacts, such as river

siltation, soil compaction, triggering of erosive

processes, among others (SILVA et al., 2017).

Hydrological indicator

Runoff values were obtained for each sub-
basin analyzed through the Curve Number
method (Table 5). The runoff of the sub-basins

varied between 28 and 33% of the incident
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precipitation values, and the sub-basin that
presented the highest result was the Bujaru
River, and the one with the lowest value was
the Upper Guama.

The Guama river basin is basically
composed of five dominant soil types, namely,
Yellow Latosols, Concretionary Latosols,
Fluvic Latosols, Quartzarenic Neosols, and
Red-Yellow Argisols. Yellow Latosols occupy
most of the basin, 84.91% of the land.

Yellow Latosol is characterized as deep,
porous and with high texture, as well as a
moderate infiltration rate, resistance and
tolerance to erosion, contributing to the
median runoff values in all sub-basins. These
conditions favor soil fertility, because the
smaller the runoff, the smaller the drag of the
finer particle size of the soil (FEITOSA et al.,
2010).

Table 5. Mean superficial runoff of sub-basins.

The performance shown in Table 5
indicates that the best basin framework,
according to the physical-water parameters, of
dominant soil type is between Groups A and B,
which are classified as (SARTORI et al., 2015):
Group A - soils with low runoff and high
infiltration, very deep (> 2.0m), with high
permeability and low erodibility; Group B -
less permeable soils with higher potential to
generate runoff, consisting mainly of
moderately deep to deep soils. These
characteristics make it possible to understand
the runoff dynamics in the basin.
Consequently, the assessment of water yield
potential is also important to the planning of
measures for conservation of soil and water
characteristics and reduction of siltation

processes and risks of floods (MUNOZ-
ROBLES et al., 2011).

Precipitation
. (annual Runoff from
Sub-basin accumulation) Runoff (mm) precipitation (%)
(mm)

Buyjaru river 2,462.78 814.12 33.06

Lower Guama 2,642.59 767.70 29.05

Apet Stream 2,425.84 733.17 30.22
Middle Guama west 2,331.86 680.46 29.18

Mae do Rio Stream 2,392.43 683.74 28.58
Middle Guama east 2,224.02 668.42 30.05

Sujo river 2,179.63 610.62 28.01

Upper Guama 2,066.94 578.39 27.98

Org.: The author, 2018.

Social indicator two 1indices of the National Sanitation

Parameters related to the municipalities of the
Guaméa river basin, such as the municipal

human development index, the Gini index and

Information System related to water supply
and consumption were used in the analysis of
the social indicator. The weighted average

values per municipality were the basis to
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determine the social indicators of the sub-
basins, taking into account the areas of the

municipalities in relation to their respective

sub-basins (Table 6).

Table 6. Social indicators of sub-basins.

Sub-basin . S(301al
indicator
Mie do Rio Stream 0.66
Middle Guaméa West 0.57
Alto Guama 0.57
Sujo river 0.56
Lower Guama 0.55
Buyjaru river 0.51
Apet Stream 0.49
Middle Guama East 0.48

*There is no information regarding the index.
Source: Brasil (2010); Brasil (2016). Org.: The
author, 2018.

It was observed that the sub-basin that
was most prominent in relation to this
indicator was Mae do Rio Stream, with a value
of 0.66. This basin is composed by the
municipalities of Capitdo Pogo, Sdo Domingos
do Capim, Irituia and Mae do Rio, which stand
out mainly in relation to the water supply.

The least prominent sub-basin was the
Middle Guama east sector, with a value of
0.48, composed by the municipalities of Bonito,
Capitdao Poco, Irituia, Ourém, Santa Luzia do
Para and Sdo Miguel do Guama, two of which
did not present information about two of the
indices analyzed (Bonito and Sdo Miguel do

Guama).

Management indicator

The analysis of management of the
municipalities was based on the mean values

obtained by assigning weight to the 13

variables analyzed (Table 1) regarding the

presence or degree of coverage of:

environmental legislation, municipal council

environment, environmental licensing,
Environment Secretariat, Rural
Environmental Registry (RER), Green
Municipalities Program, environmental
management via internet, environmental

education in the municipality, municipal land-
use planning, basic sanitation plan, sanitation
policy, environmental management and
Municipal Fund of the Environment. Based on
these variables, a value was generated for the
management indicator for each municipality
and then weighted for the sub-basin area

(Table 7).

Table 7. Management indicators of sub-basins.

Sub-basin Management
indicator

Apetd Stream 0.62
Buyjar river 0.56
Middle Guama West 0.53
Middle Guaméa East 0.42
Lower Guama 0.40
Ma3e do Rio Stream 0.37
Upper Guama 0.29
Sujo river 0.26
Org.: The author, 2018.

The Guama river basin 18

heterogeneously composed of 19 municipalities

that present different percentages in area

(contained in the Dbasin) of different
representativeness: Acara (0.80%);
Ananindeua (0.15%); Belém (0.96%);

Benevides (0.51%); Bonito (0.65%); Bujaru
(7.96%); Capitao Poco (21.59%); Castanhal
(3.82%); Concordia do Para (5.40%); Garrafdo
do Norte (13.92%); Inhangapi (3.87%); Irituia
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(11.15%); Mae do Rio (3.38%); Marituba
(0.28%); Ourem (3.45%); Santa Izabel do Para
(4.78%); Santa Luzia do Para (5.48%), Sao
Domingos do Capim (3.83%); and Sao Miguel
do Guaméa (8%). Of these, 14 present their
municipal headquarters within the basin area.
As management indicators refer to the
political actions in the municipality as a
whole, it was decided to attribute equal
weights because it is understood that, once
consolidated, management actions will have
consequences distributed throughout the
territory.

The procedure adopted follows the
premise discussed by Carvalho (2014) in
stating that the integrity of watersheds must
understanding of

encompass a systemic

sustainability, with water being understood as

a whole in spatial relationships, with
integrated  environmental planning  of
watersheds  associated  with  territorial
planning.

The sub-basin with the highest value for
this indicator was the Apel stream, which
comprises the municipalities of Castanhal and
Santa Izabel do Para that obtained values
above 0.50, and Inhangapi had a low
management indicator. The sub-basins of the
Sujo River and the upper Guama River had
the lowest values. This is because both
municipalities had indicators below 0.40,
indicating that they need more immediate
environmental

actions to strengthen

management.

Water sustainability index

Water sustainability was initially calculated
per sub-basin, and the results were framed
according to each indicator: hydrological,
environmental, social and management
(Figure 2). Figure 3 represents the treatment
given to the indicator categories using the
clustering methodology. Relationships
observed spatially or by cluster indicate
existing similarities and factors of greater
intervention. The basin can be viewed in 3
major segments: Upper Guama — Sujo river -
Mae do Rio stream; Middle Guama — Apeu
Stream; Bujaru River - Lower Guama.

The social (S) and management (M)
indicators are the most responsible for the
fragilities observed, mainly pressing the
Upper Guama, Apeu Stream and Mae do Rio
Stream sub-basins. The WSI is the global
average of the four indicators and this
indicator analysis allowed obtaining the water
sustainability indices of each sub-basin and
their respective performances (Table 8). The
analysis resulted in a value of 0.54.

Maynard et al. (2017) obtained a value of
0.66 for the Japaratuba river basin (SE), with
the weakest indicators being the hydrological
and management ones. Silva (2017) obtained a
value of 0.53 for the Piranhas-Acu sub-basin
(RN), also identifying that, in general, the
indicators related to socioeconomic and
management aspects make a considerable
maintenance  of

contribution  to the

intermediate sustainability.
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Figure 2 - Water sustainability index based on environmental, hydrological, social and management
indicators for the sub-basins: I- Lower Guama; II- Apeu Stream; III- Bujaru River; IV- Middle Guama
west sector; V- Middle Guama east sector; VI- Mae do Rio Stream; VII- Rio Sujo; VIII- Upper Guama.
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Figure 3. (a) Result of analysis by hierarchical clustering. (b) Representation of the cluster analysis

through color matrices - Heatmaps.
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Table 8. Water sustainability indices of the sub-

basins.
Sub-basin ISH Performance
Lower Guama 0.63 Good/po.tentlally
sustainable
Apet Stream 0.56 Medium/Intermediate
Bujarua River 0.69 Good/po.tentlally
sustainable
Middle Guaméa Oeste  0.63  Cood/potentially
sustainable
Maie do Rio Stream 0.56 Medium/Intermediate
Middle Guama East 0.50 Medium/Intermediate
Sujo River 0.50 Medium/Intermediate
Upper Guama 0.44 Medium/Intermediate

Org.: The author, 2018.

Juwana et al. (2012) presented a review
sustainability indicators and

influence that the

of water
highlighted the
“management” component may have on the
others, where unfavorable conditions in the
“hydrological” and “environmental” axes may
have their impacts reduced with better
management conditions of water resources.

The values of the social indicator showed
the need to seek alternatives that contribute
to the improvement of the indices analyzed, to
obtain circumstances that favor an ideal
quality of life and assurance of quality basic
services for the population. Environmental
management is of fundamental importance for
the organization of municipalities and,
consequently, of sub-basins. Investing in
actions focused on this criterion represents a
beneficial strategy for the maintenance of sub-
basins, in addition to strengthening and
conserving the interdependent relationships
that occur in their territories (MARTINS et
al., 2010).

The global average obtained for the
basin showed its situation in relation to water

sustainability, urging for the establishment of

water management programs capable of
enhancing the scenario presented, through
more responsible actions by management
regulators and other sectors of society. Water
sustainability =~ suggests the  conditions
necessary for basins to have conditions to
replenish resources, compatible with the
existing demand, always aiming at a
consumption that is equal to or lower than
their recovery capacity (TAMASAUSKAS et
al., 2016).

The indicators analyzed demonstrated
that the process of use and occupation of the
territory of the Guama river basin has a high
potential to interfere with water
sustainability, since they exert a positive or
negative influence on it. Where the
evolutionary dynamics of a landscape are
understood by its historical processes at
different time scales and according to the
predominant environmental characteristics,
both aspects contribute to the establishment of
a local distribution pattern (VIEIRA et al.,
2007).

The evolutionary dynamics from the
perspective of sustainability of the Guama
river basin has several historical landmarks,
such as the construction of the Belém-Brasilia
highway (BR 010), responsible for the
emergence of dozens of towns, villages and
cities, particularly those in the NE region of
the state (TAVARES, 2008). Given this
context, land wuse forms have marked
northeastern Para by a process of de-
characterization due to deforestation. The

percentage of change due to anthropism in the
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region has reached almost 25%, concomitant to
the growth of logistic services and natural
resources exploitation services such as logging,
slashand-burn agriculture, and livestock,
forming a mosaic of different degrees of plant
succession, agricultural crops and pasture
areas (CORDEIRO et al., 2017).

Regarding the use of the Guama river
basin, it covers part of the municipalities of
the Metropolitan Region of Belém, with the
headwaters of its sub-basins having the axis of
the BR-360, that connects Para to Maranh3o,
and of the BR-010, that makes the connection
with the southeast of the state, as water
divisors. Thus, their urban centers have the
ability to polarize and influence a significant
number of smaller cities and articulate
relationships of all kinds, with the presence of
medium-sized urban centers that make up the
metropolitan area (TRINDADE Jr, 2011).

Land use in the Guaméa basin faces
future prospects of water sustainability for the
region, with a high degree of urbanization,
activities

concentration of economic

accompanied by growing poverty and
persistent social problems (access to health,
education, housing and basic sanitation)
necessary for a large portion of the population

(SILVA; SILVA, 2008).

FINAL CONSIDERATIONS

The WSI was more representative in the sub-
basins where there was a higher runoff, higher
concentration of vegetated areas, significant

quality of life, and strengthened management.

Thus, the results obtained indicated that the
lower Guaméa sub-basins (0.63), the Middle
Guama west sector (0.63), and the Bujara
river (0.69) had good sustainability conditions.
The sub-basins of the Upper Guama (0.44),
Mae do Rio Stream (0.56), Sujo River (0.50),
Middle Guama east sector (0.50), and Apeu
Stream  (0.56) had an  intermediate
performance. Thus, the water sustainability of
the Guama river basin was intermediate, with
a value of 0.54.

It was observed that the research carried
out in the basin-scale allowed the joint
analysis of hydrological, environmental, social
and management aspects. Considering the
context of the Guama river basin, measures
are needed for strategic planning linked to its
management, where managers and other
sectors of society must work more efficiently to
minimize pressures on remnant vegetation so
as to strengthen institutional capacity and
improve the quality of resources and

livelihoods of the population, to enhance the

sustainability of the basin as a whole.
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