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Abstract:  

The impacts of anthropogenic degradation are becoming increasingly more evident in the 
Amazon and are jeopardizing its environmental systems and water resources, particularly in low 
monitored watersheds. Thus, the use of hydrological models is necessary to gain an 
understanding of these impacts on Amazonian river systems. The aim of this study was to analyze 
the simulation of some hydrological processes in the Itacaiúnas River watershed and its relation 
with human-induced impacts in the Southeast region of the Pará state using the Soil and Water 
Assessment Tool (SWAT) model. SWAT modeling requires several databases, such as relief, land 
use and land occupation, soil type, and climatic and hydrological variables. These data are input 
parameters for the SWAT model. The results showed that the hydrological variables in the 
Amazon tend to follow the seasonal precipitation cycle, with the highest values occurring 
between January and June and lowest between July and November. It was evident that base and 
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lateral flows are responsible for maintaining perennial river flow during the dry season. Regarding 
anthropogenic actions in the watershed, precipitation, evapotranspiration, and sediment 
transportation are clearly affected by environmental degradation, as well as by the replacement 
of forest by grassland and mining activities. The results may assist in public policy including 
mitigation and adaptation of environmental systems in the region. In addition, they can improve 
the management of natural resources in the Itacaiúnas River watershed. 

Keywords: hydrological modeling; SWAT; southeastern Amazon.  

  

1. Introduction  

  

The Amazon basin represents the largest area of tropical forest on Earth, exerting a significant 

influence on the local and global climate because of the flows of energy and water in the 

atmosphere. In addition, it plays a major role in carbon sequestration, as well as in the transfer of 

water vapor to the atmosphere, fundamental to maintaining the forest itself. Moreover, it has 

high cultural and biological diversity (Stickler et al., 2013). The high rates of precipitation in the 

Amazon and the large volumes of water flow in rivers are part of the great hydrological cycle in 

this region that influences other Brazilian ecosystems, such as the Cerrado (Malhi et al., 2008). 

However, the increase in the deforestation rate in the Amazon jeopardizes its water balance and 

consequently its environmental systems. 

Deforestation reduces evapotranspiration and increases surface flow because of the lower leaf 

area index, root density, soil depth and higher soil compaction (Scanlon et al., 2007). Because of 

anthropogenic changes in the Amazon, many studies seek and propose tools to analyze these 

impacts from many environmental aspects. According to Sahin and Hall (1996), hydrologic 

modeling is an important tool to understand the hydrological cycle and can assist in the 

management of water resources in a watershed. These models, when used in forecasting systems, 

can aid to reduce the vulnerability of the population to natural risks, particularly in the Amazon 

River basin, where extre, e hydrological events have occurred during recent years, including floods 

in 2009 and 2012 and droughts in 1998, 2005, and 2010 (Marengo et al., 2008, Chen et al., 2010, 

Tomasella et al., 2010). Hydrological models can support the understanding and quantification of 

different Amazonian hydrological processes, such as evapotranspiration, soil water storage, and 

river hydrodynamics (Trigg et al., 2009). 

Several hydrological models have been developed and applied to Brazilian biomes, from simple 

conceptual bases to the insertion of geographical information systems (SIGs) (Tucci, 2005). Among 

these, the Soil and Water Assessment Tool (SWAT), developed in 1990, is a hydrological model for 

large basins (Arnold et al., 1998). SWAT was designed to incorporate numeric- and vector-based 

input data, enabling the analysis of hydrological processes at a large spatial scale. Its processing is 

also completed in a continuous time scale, allowing changes in the simulations of land cover and 

climatic components (Arnold et al., 1998, Arnold and Fohrer, 2005). Therefore, the SWAT model 

is a mathematical simulation model that is continuous, semi-distributed, deterministic, and 

physically-based. In other words, it is a model by means of mathematical equations simulating 

physical processes and their variations in space and time for a specific field of study. 
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In Brazil, SWAT has already been applied in the south and southeast parts of the country. However, 

it is not very well explored in the north and northeast parts, where the majority of watersheds are 

unmonitored. SWAT has the advantage of dealing with lack of hydro-climatologic data (Silva et al., 

2015, 2016, 2017a, 2017b). Based on the aforementioned information, the objective of this study 

was to simulate some hydrological processes in the Itacaiúnas River watershed and to analyze 

their relationship with anthropogenic impacts in the southeast region of the Pará state, using the 

SWAT model. The Itacaiúnas River watershed was chosen to develop this study because it is not 

well monitored and it has high importance for the region. 

 

1.1 Study area 
 

The studied area embraces the Itacaiúnas River watershed in the southeast region of the Pará 

state. According to the Agência Nacional das Águas (ANA), the Itacaiúnas river watershed (Figure 

1) is classified as Order 3, according to the Otto Pfafstetter system (NCWR Resolution No. 

30/2002), and has an area of 42,000 km². This basin averages 2200 mm of mean annual rainfall 

and the mean annual average temperature is 30°C. It has a tropical monsoon climate, according 

to the Köppen climate classification. 

The Itacaiúnas River rises in Seringa mountain, in the municipality of Água Azul do Norte, and is 
formed primarily by the junction of the D’Água Preta and Azul rivers. Its mouth is on the west 
bank of the Tocantins River, in the area of Marabá City, and presents a fairly high level of 
deforestation, being in the region denominated the "arc of deforestation," with approximately 
62% of all its area deforested, according to the Monitoramento do Desmatamento na Amazônia 
Legal por Satélite (PRODES project, 2012). It is among the watersheds whose water flows to the 
Tucuruí hydroelectric power plant, this area is of the ultmost importance to the economic and 
social development of Brazil.  
 

 
Figure 1: Watershed area of the Itacaiúnas River from the digital elevation model (DEM) 

of the SWAT model.  
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2. Data and Methods 
  

2.1  SWAT modeling stages  

Table 1 presents the procedures adopted and considered as a reference base as follows: Arnold 
et al. (1998), Machado (2003), Winchel et al. (2013), Arnold et al. (2012), Neitsch et al. (2011), 
Wagener (2011), Nunes (2012) and Schuol (2008). This presents an integration interface in a 
Geographic Information System (GIS) enabling a dynamic interaction with the use of remote 
sensing and GIS, and can be applied to hydrology, hydrometeorology, and hydrogeology. 
 

Table 1. Criteria adopted by SWAT. 
Parameter Description/Equation 

(a) Runoff (Neitsch et al., 2005 and 
Zhang et al., 2013): the estimate of 
runoff is conducted by the Method 
of the Curve Number (CN), 
proposed by the Soil Conservation 
Service (SCS). The daily-based CN 
factor was determined using the 
SWAT model, ranging from 1 to 
100, where 1 represents a 
completely permeable soil and 100 
a waterproof soil. 

Qsup =
(P−0,2S)2

P+0,8S)
 , P > 0,2S;                                                     (1) 

 
Qsup = 0, P ≤ 0,2S                                                                    (2) 

 

S = 25,4 (
1000

CN
− 10)                                                                  (3) 

Qsup = daily runoff (mm); P = daily precipitation (mm); and S = 
retention parameter. 

Soil erosion as proposed by the 
Modified Universal Soil Loss 
Equation (MEUPS) (Chaves, 1991, 
Chaves and Piau, 2008): this works 
with the runoff to simulate erosion 
and sediment transport. The K, LS, 
C, and P factors are relative to the 
digital model, and Qsup and qpico 
are associated with the definition of 
the runoff from the CN model. 

Sed = Comp 1 × Comp 2 ×  Comp 3                                  (4) 

Comp 1 =  11,8 (Qsup + qpico + ÁREAHRU)0,56                (5) 

Comp 2 =  K ×  C × LS                                                          (6) 
Comp 3 =  P ×  CFRG                                                             (7) 

 
Sed: production of sediment after rainfall event (tons. day-1). 
Comp 1:  Qsup = runoff (mm); qpico = peak flow (m³/s); AreaHRU = area 
of hydrological response unit (ha). 
Comp 2: K = soil erodibility [(0.013 ton m² hr)/(m³ ton cm)]; C = land 
use and management factor (dimensionless); LS =  topographic 
factor (dimensionless). 
Comp 3: P = conservation practices factor (dimensionless); CFRG = 
sparse fragmentation factor (dimensionless). 

Climatic data: Precipitation, wind 
speed, solar radiation, relative 
humidity. 

These were extracted from the Climate Forecast System Reanalysis 
(CFSR) database from 1979 to 2014, available through the National 
Centers for Environmental Prediction (NCEP). Data from a ground 
station (municipality of Marabá, 5.36o south latitude; 49.13o west 
longitude) belonging to the National Institute of Meteorology 
(INMET) during the period from 1973 to 2013 were used as the 
reference climatic station. 
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Table 1. Cont. 
Parameter Description/Equation 

River flow 
The data cover the flow measuring station in the Fazenda Alegria 
(code 291000), ANA´s monitoring network from the period 1969 to 
2017. 

Elevation and slope 
Digital elevation model generated from a SRTM image. These data 
are in the 30 m x 30-m resolution and in the WGS-84 datum. For 
this study, we used 22 scenes. 

Land Use 

Land use data refers to the TerraClass project, which is the result of 
a partnership between the National Institute of Space Research 
(INPE/CRA), Embrapa Amazônia Oriental and Embrapa Informática 
Agropecuária. These data are from the Landsat-5 and Landsat-8 
satellites (Thematic Mapper and Operational Land Imager sensors) 
and are in the geographical projection system (latitude and 
longitude) and SAD69 geodetic reference system. The TerraClass 
2014 product was used for the study in question. 

Trend test 
We used the Mann–Kendall trend test and the Monte Carlos test of 
homogeneity available in the XLSTAT software 

  

 

2.2 Calibration, validation, and statistical analysis 
 
For calibration of the model, we used the SWAT-CUP 5.0 software, applying the method of 
calibrating SUFI2. For validation of the results, we used the statistical indexes recommended by 
the International Precipitation Working Group (IPWG) and described by Liu et al. (2013) and 
replicated by Adam and Vecchia (2011) and Serrão et al. (2016). Thus, five statistical indexes were 
used: the Pearson correlation coefficient (r), the coefficient of determination (r²), the Nash-
Sutcliffe efficiency coefficient (NS), the concordance index (CI) based on Willmott (1985), Hallak 
and Pereira Filho (2011), and Santos et al. (2011) and the quality coefficient (U) (Theil, 1966) for 
qualitative analysis. The following equations were used: 
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Table 2. Statistical indexes used to validate the SWAT. 

 

3. Results and Discussion 
  

The relationship between estimated precipitation modelled by SWAT and precipitation observed 

at the Marabá station, in addition to the validation, is shown in Figure 2. Notably, the estimated 

precipitation data are consistent with the observed precipitation of INMET 

 

 

 

 

 

Equation Description 

𝑅 =  
∑(𝑋−𝑋̅).(𝑌−𝑌̅)

√∑(𝑋−𝑋̅)2.∑(𝑌−𝑌̅)2
                                                              (8) 

Pearson's correlation (R): This 

coefficient takes on values between -1 

and 1. Correlation 1 refers to perfect 

positive and correlation -1 refers to 

perfect negative. 

𝑅2 =  
∑ (𝑌𝐼̂− 𝑌̅)2𝑛

𝑖=1

∑ (𝑌𝐼
𝑛
𝑖=1 − 𝑌̅)2                                                                    (9) 

Determination Coefficient 

(R²): ∑ (𝑌𝐼̂ − 𝑌̅)2𝑛
𝑖=1  is the variation of 

the dependent variable, and ∑ (𝑌𝐼
𝑛
𝑖=1 −

 𝑌̅)2 is the variation of the independent 
variable. 

𝑁𝑆 = 1 −
∑ (𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤 𝐸𝑆𝑇−𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝑂𝐵𝑆)2𝑛

𝑖=1

∑ (𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝑂𝐵𝑆 −𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅
𝑂𝐵𝑆)2𝑛

𝑖=1

               (10) 

The Nash-Sutcliffe (NS) efficiency 
coefficient can range from infinite 
negative to 1, with a value of 1 as 
indicative of a perfect adjustment. 

𝐼𝐶 = 1 −
∑ (𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝐸𝑆𝑇 −𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝑂𝐵𝑆)2𝑛

𝑖=1

∑ (|𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝐸𝑆𝑇 −𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ 𝑂𝐵𝑆|+|𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝑂𝐵𝑆−𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ 𝑂𝐵𝑆|)2 𝑛
𝑖=1

         

(11) 

Willmott's concordance index (CI) 
ranges from zero to one, when zero 
means no agreement, and one means 
perfect agreement. 

𝑈 = √
∑ (𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝐸𝑆𝑇 −𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝑜𝑏𝑠

𝑛
𝑖=1 )2

(∑ (𝑆𝑡𝑟𝑒𝑎𝑚𝑓𝑙𝑜𝑤𝑜𝑏𝑠
𝑛
𝑖=1 )2                        (12) 

U coefficient (Theil): U> 1 is 
overestimating the real. U <1 is 
underestimating the real. U ⩰ 0 is the 
better result. 

𝐸𝑅𝑅𝑉(%) = 100.
∑ 𝑃𝑆𝑊𝐴𝑇−𝑃𝐼𝑁𝑀𝐸𝑇

𝑛
𝑖=1

∑ 𝑃𝐼𝑁𝑀𝐸𝑇
𝑛
𝑖=1

                              (13) 

Relative Error of Precipitated Volume 
(REPV): in percentage, it refers - to how 
much the measured data are being 
underestimated (0 <) or overestimated 
(> 0) by the estimated data. 
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Figure 2. Relation between the monthly average estimated precipitation (SWAT) and observed 

(INMET) in the Itacaiúnas River watershed and its validation. 

 

By analyzing the statistical indexes used for validation, it is understood that all obtained an 

excellent performance in validating the Itacaiúnas River basin precipitation. The correlation 

coefficients were greater than 0.90 as was the efficiency coefficient of NS (0.99). The index of 

concordance of Willmott indicated 0.99 agreement between the estimated and measured data, 

and the index U of Theil presented a qualitative relationship overestimate of 0.05. The relative 

error of precipitate volume indicated a percentage of underestimating between the simulated and 

measured data of approximately 5.8%. when the Mann-Kendall test was applied, the series 

showed no tendency. 

 

3.1  Calibration of the SWAT model  
 

In the calibration of SWAT, the SUFI2 method was used in the SWAT-CUP. For the 41 years of 
hydrological modeling (1969–2010), the calibration was used for five years (2010 to 2015) to 
calibrate the model. Table 3 shows the parameters that were calibrated in SWAT-CUP. After 
calibration of the SWAT model, it was again photographed using new parameters and new results 
for hydrological variables were obtained. The parameters shown in Table 3 represent difficult 
variable measurement. Moreover, there is limited information available regarding these variables 
for river basins in Brazil, mainly in the Amazonian Basin. 
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Table 3. Parameters used in the calibration of the SWAT model with their variations 

 

3.2 Analysis of slope and land use 

It is noticeable that the south and the central portion of the basin present highest slopes with a 

maximum of 66 degrees. These are followed by the flat areas in the south portion of the basin, 

heading downstream along the Itacaiúnas, with 20 degrees of slope (Figure 3). The catchment 

area of the Itacaiúnas River has varied slopes resulting from various altitudes in the basin, and this 

increases the likelihood of erosional processes and siltation of rivers. 

 

 

Figure 3. Slope, land use and land cover of the Itacaiúnas River basin 

Ranking Parameter Description Range 

1 Lat_Time Time required for the return of the lateral flow (days) 0 a 180 

2 Esco Compensation factor of evaporation rate of water in the soil 0 a 1 

3 Gwqmin Limit level of the water in the shallow aquifer for the occurrence of base 
flow (mm) 

0 a 5.000 

4 Revapmn Limit depth of water in the soil to the occurrence of the rise of water in 
the unsaturated zone (mm) 

0 a 1.000 

5 Alpha_BF Constant base flow recession (days) 0 a 1 

6 Gw_delay Interval of time required for recharging the aquifer (days) 0 a 500 

7 CN2 Initial number curve for moisture condition AMC II (adm.) 35 a 90 

8 SURLANG Retardation coefficient of runoff direct (days) 
 

0,05 a 24 
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As shown in Figure 3, 43% of the basin is composed of native Amazonian forest area (is a 

conservation unit, of the Carajás National Forest), and 41% of the basin consists of pasture, 

followed by reforestation (11%), mining (0.35%) and urban areas (0.57%). The basin is quite 

heterogenous with different types of soil use and occupation, within the catchment area of the 

Itacaiúnas River. Within the large area of forest are the areas of preservation. Notably, within the 

areas of mineral extraction there is deforestation, increasing environmental degradation and 

endangering the fauna, flora, and entire energy and water balance. 

 

3.3. Hydrological simulation (precipitation and runoff) 

 

The distribution of the rainfall and consequently the runoff by sub-basin of the Itacaiúnas River is 

shown in Figure 4. The annual mean rainfall is higher in the central and western portions of the 

basin (between 1,990 mm and 2,216 mm) and it is lower in the southern portion of the basin. This 

pattern is related whit the displacement (north - south) of the Inter Tropical Convergence Zone 

(ITCZ), together whit South Atlantic Convergence Zone (SACZ), and to the regional atmospheric 

circulation regime, as mesoscale systems. Sub basin 20 presented the lowest level of annual mean 

precipitation, with 1,500 mm.  

The Amazon rainforest, through vegetation, has a strong influence on evapotranspiration 

processes and, consequently, on the hydrological cycle, besides contributing to the interception 

of rainfall and reduction of the surface runoff process. However, this dynamic is affected by several 

meteorological variables and the physical factors of the basin (Alves and Pérez-Cabello, 2017).  

The spatial distribution of the surface runoff is similar to rainfall. The sub-basin with the highest 

level of rainfall resulted in highest levels of runoff, and the sub-basins 13 and 14 had the lowest 

runoff. This is maybe by the land use and occupation in the basin, as shown in Figure 3, where it 

is clear that the sub-basin has various types of land use and is dominated by Neossolo flúvico, 

resulting in a higher infiltration and lower runoff. The largest runoff is in sub-basins 1, 3, 5, and 16 

with more than 831 mm and the smallest runoff are in the range of 382 mm to 417 mm in sub-

basins 13 and 14, respectively.  
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Figure 4. Spatial distribution of precipitation and surface runoff by sub-basin. 

 

3.4. Hydrological simulation (runoff and sediment transport) 

 

It is clear that the surface runoff is directly dependent on the rainfall and physical factors of the 

basin (slope, land, and land use), and each of these variables influence the surface runoff. In its 

movement towards the exit of a river basin, the intercepted water flows over the rocks and the 

lands that form or cover the slopes and drainage network gutters (Tucci, 2005). And these 

obstacles, and the slope, determine the speed of runoff. (Tucci, 2009). 

The surface runoff and the yield of sediments depend on the rain and the physical factors of the 

basin, as shown in Figure 5. It is clear that the sub-basins 8, 11, 13, 14, and 15 are the sub-basins 

with less yield of sediments (0.3 to 0.7 t. ha-1. year-1), and they are the sub-basins with the lowest 

rainfall and runoff. Sub-basins 7 and 4 are the ones that carry considerable sediment and show 

the highest values of rainfall and runoff. They are sub-basins with red-yellow latosol and high 

dynamics of land use, with reforestation, cities, woods, pasture, and agriculture. When evaluating 

land cover and land use changes in Rift Valley, Kenya, using the SWAT model, Baker and Miller 

(2013) showed that land use changes resulted in the corresponding increase in surface runoff, 

yield sediment and decrease in groundwater recharge.  
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Figure 5. Spatial distribution of yield sediment by sub-basin 

 

In this respect, the Sub basin 20 is among the sub-basins with higher sediment yield and is the 

basin with the least precipitation and runoff, but is among the regions of greater slope in the basin 

and have high land use dynamics. this respect, Machado and Vettorazzi (2003) argued that the 

hydrological processes associated with land use and management clearly play a dominant role in 

sediment production and transport. Within this subject, Martins Filho et al. (2009) asserted that 

the vegetation plays an important role in controlling erosion and reducing the loss of organic 

matter and nutrients through sedimentation. the problems caused by sediment are numerous, 

including siltation of rivers, increasing the magnitude of flooding, and siltation of reservoirs, 

diminishing their capacity and supply for irrigation, among others (Coe et al., 2011). These 

problems depend of the quantity and nature of the sediment that are related with the production 

processes (geologic formation), transportation (slope and rainfall), and deposition (depth of the 

riverbed). 

Figure 6 shows various types of land use in the Itacaiúnas River basin and rainfall variations (P), 

actual evapotranspiration (ET) and runoff by sub-basin. The sub-basins with areas of forest as 

predominant in the use of the land have greater stability in the P, ET and runoff variables, with the 

exception of sub-basin 8, which has areas of deforestation, mining, grazing, and reforestation 

resulting in a greater runoff. Therefore, the hydrological processes associated with land cover and 

management clearly play a dominant role in sediment production and transport (Silva et al., 2018). 

Analyzing the sub-basins in the east area of the forest, using the land predominantly for pasture, 

a contrast with the other uses of land is noticeable, particularly, regarding the runoff. In sub-basins 

5, 11, and 12, there is an increase in surface runoff at pasture areas, once this type of land usage 

facilitates greater surface water flow because of forest removal (Figure 7). A similar result was 
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obtained by Golmohammadi et al. (2017) who assessed the capability of SWAT to identify areas 

contributing to runoff at the Gully Creek Watershed in Ontario, Canada.  

Normally low rates of evapotranspiration are associated with the withdrawal the forest and the 

compacted land (normally because of low slope), and a small leaf area, like pasture. A similar result 

was obtained by Abiodun et al. (2018) comparing of MODIS and SWAT evapotranspiration with 

different land cover at different spatial scales. However, the sub-basins with the predominant 

forest as land use, ET is more significant. Similar results were found by Coe et al. (2011) in which 

the runoff increased after the simulation of the model that replaced forested areas by pasture and 

decreased the evapotranspiration. 

 

 

Figure 6.  Relation between land use and land cover classes and water balance variables per sub-

basin, simulated using the SWAT model and 41 years of data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Runoff by land use and land cover. 
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When applying the statistical tests in this series of data, the Mann-Kendall test detected that sub-

basins dominated by pasture tended to increase runoff. The series showed no tendency for the 

sub-basins that predominate the use of land as forest. Silva et al. (2017b) found a similar result 

when replacing native vegetation caatinga by pasture. 

For the sub-basin with multiple uses of land, an anomalous result was obtained, but it was 

consistent with the history of the basin, as previously described, in which the runoff had a 

tendency to decay over the years, and it was not a homogenous series over the years, and there 

is a break in the mean of this variable. Chen-Feng   et al. (2014) obtained a similar result for a 

model of river flow in Taiwan, where for areas of multiple uses of land, the flow will tend to fit the 

greater use shown in the area. The land cover affects sediment yield, potential evapotranspiration, 

and surface runoff of the basin and hence influences the water balance. Hydrologic models are 

essential for studying hydrologic processes and their responses to both natural and anthropogenic 

factors (Lironga and Jianyuna, 2012). 

 

3.5. Hydrological simulation (streamflow and validation) 
  

Figure 8 shows the annual flow (observed and simulated) during the simulation period. I 1996 the 

simulated flow began to underestimate the flow observed. Again, the issue of high dynamics of 

land use during these years can influence the downstream flow. It is seen that the land use types 

inserted into the model are the uses that already exist in the database of SWAT and have similarity 

to the current usage of the basin, creating even more uncertainties in the simulation. The change 

in vegetation cover in a watershed can change the water balance in the region.  

Deforestation alters the porosity of the soil by pore sealing during precipitation events, changing 

their hydraulic properties. Deforestation also often results in increased erosion of the Earth's 

surface and deposition in channels and floodplains because of the increased area of bare soil, 

changes in infiltration and runoff and poor management practices (Bruijnzeel, 1991). Costa et al. 

(2003) analyzed the data and climate in a 175,000 km2 sub-basin of the basin of the Tocantins 

River in the eastern Amazonia and concluded that most of the observed increase of 25% in that 

discharge drainage basin was attributable to deforestation. 
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Validation of the variables simulated by SWAT flow data were used for the period 2010 to 2016 

and evapotranspiration was used for weather data from Marabá and applied to the statistical 

indexes described in table 2. Thus, we obtained the validation of flow and evapotranspiration for 

the Itacaiúnas River basin. Figure 9 shows the relationship of flow observed and simulated flow, it 

is apparent that during some years in the simulation using SWAT some outliers occurred, in some 

years the model did not obtain a good simulation of the streamflow. 

Figure 9. Relationship observed and simulated flow and validation. 

 

Even if the model does not accurately reproduce some flow periods, statistical indices obtained 

satisfactory performance for the validation period, the correlation coefficient of Pearson was 0.86 

and the determination was 0.74 being a good value for modeling uncertainty. For the Nash-

Sutcliffe coefficient and index of concordance of Willmott a value of 0.99 was obtained, both 

considered excellent by the literature. The U coefficient of Theil was 0.03, an excellent value. 

Finally, when applying statistical tests of trend and homogeneity in the flow and sediment series, 

it was observed that the two series remained without a trend and were homogeneous, thus, it is 

assumed that on the whole, the water is in balance, where the different types of use if the soil, 

slope, and soil types and finally the weather, fit.  

 

4. Conclusion 
 

The results of the SWAT land use model showed that the three main soil uses in the basin have 

different influences on the variables of the water regime. Pasture was assigned as the usage type 

that obtained the highest values of precipitation, runoff, and sediment transport. These results 

are of utmost importance in sustainable management of water resources in the Itacaiúnas River 
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basin, because it is possible to know how the water variables are conditioned by human actions 

and in which rivers this is more prominent. 

With the calibration of the model, it was possible to observe that some parameters are the most 

influential on the water than other processes, which allowed us to improve the simulation of the 

Itacaiúnas River basin, and thus a better model of the current scenario of the region was produced. 

The prevailing regions with greater slope and high dynamics of use tend to be more vulnerable to 

sediment transport and, consequently, the erosive process. 

For validation of SWAT, all statistical indices presented showed excellent results, showing that the 

model is valid for the region and can be applied in other studies. The SWAT model is fully 

incorporated into the scientific context and has great potential to be used in river basins that are 

less monitored. This type of study is needed in the Brazilian Amazon, which has a low density of 

meteorological stations. The statistical tests of trend and homogeneity are important in 

understanding how variables are studied and the results are consistent with the literature. 

Finally, it is understood that SWAT can be a tool for managing water resources and the 

environment in the Amazonian region and also serve as a basis for decision makers to improve 

management. 
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