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ABSTRACT 

Hydrological models are becoming more and more widespread, mainly due to their 

capacity to simulate the impact of environmental changes on water resources. In this way, 

the aim of this study was to calibrate and validate the SWAT model for the soil and 

climatic conditions of the Mucuri River Basin, located in the Northeast region of the States 

of Minas Gerais, Brazil. The SWAT-CUP software module SUFI2 was used to analyze the 

sensitivity, calibration and validation of the model. The calibration was performed in an 

intermediate fluviometric station and the validation in five other located: three upstream, 

one downstream and one independent from the calibration point. It was evidenced for the 

study area that the parameters referring to the basic flow processes were more sensitive. 

The model obtained a good adjustment with an overestimate tendency of 15%. In general, 

the SWAT model, using SWAT-CUP was good and adequate in terms of its calibration 

performance and validation of the flow simulation in the Mucuri River Basin by the 

determination coefficients, Nash-Suttclife efficiency and percentage of trend. 

 
INTRODUCTION 

Issues related to water resources are widely 

disseminated and discussed throughout the world, as it is 

an indispensable natural resource for life on the planet. 

Thus, studies to assess their distribution over time and 

space are of paramount importance. Hydrological models 

are fundamental mainly in regions with the greatest water 

scarcity, since they help simulate the impacts of human 

actions on water resources and assist in the planning and 

management of river basins (Tundisi & Tundisi, 2010). 

The Soil and Water Assessment Tool (SWAT) was 

developed in the United States by the Agricultural 

Research Service and by Texas A & M University, and it is 

a conceptual mathematical base model semi-physical, 

semi-distributed, continuous time and that operates 

through daily data allowing the interconnection of different 

physical processes that occur in a watershed through the 

SIG environment (Andrade et al., 2013; Monteiro et al., 

2015). 

The model is structured on basic components of 

action, such as: hydrological, climate, sediments, nutrients, 

agricultural management, among others. A command 

structure is used to propagate superficial flow, sediments, 

and nutrients through the sub-basins. Although the model 

operates on a daily time step, it is efficient to simulate 

several years, being used to predict the long-term behavior 

of the basin (Arnold et al., 1998; Neitsch et al., 2005; 

Winchell et al., 2009). 

The input data of the model are the main limitation 

for application under Brazilian conditions, since 

acquisition system data is out of date with faults and in 

smaller quantity than it should be. These factors contribute 

to the inefficiency of the application of more complex and 

precise models (Bressiani et al., 2015; Monteiro et al., 

2015; Durães et al., 2011). 

The SWAT establishes an operating sequence which 

is the steps of heating, sensitivity analysis, calibration of 

the model parameters, validation and simulation of future 

scenarios (Pinto et al., 2013). 

The calibration process consists of adjusting the 

values of the model parameters so that the simulated 

values approximate those observed, thus representing 

better the simulated process. It is important to emphasize 

that the hydrological model does not know the initial 

conditions of simulation, conditions that can exert great 

impacts on the simulated process, and therefore needs a 
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warm-up time (Li et al., 2015; Ercan et al., 2014; Ajami et 

al., 2004). 

The validation is based on the use of the model with 

calibrated parameters in an independent data mass so that 

the applicability of the model to the event can be evaluated 

through several tests (Pereira et al., 2014; Arnold et al., 

2012). After the validation phases, if the model achieves a 

satisfactory performance, it becomes possible to perform 

model simulations according to different scenarios (Marek 

et al., 2016). 

There are several advantages of hydrological 

modeling from issues related to planning and management 

of water resources to public safety in extreme events such 

as floods or droughts (Abbaspour et al., 2015; Meaurio et 

al., 2015; Awan & Ismaeel, 2014). In this context studies 

are convenient on the development of models to have a 

consistent database for the most diverse edaphoclimatic 

conditions existing in Brazil (Pinto et al., 2013, Pereira et 

al., 2014; Monteiro et al., Durães et al., 2011). 

         Based on this approach, the aim of this study was to 

calibrate and validate the SWAT model for edaphoclimatic 

conditions of the Mucuri River Basin located in Northeast 

region of Minas Gerais, Brazil as well as to test its 

performance. 

 

MATERIAL AND METHODS 

The Mucuri River Basin (BHRM) is part of the 

Eastern Atlantic Hydrographic Region, extending over 17 

municipalities, comprising an area of about 15,400 km², 

with population of approximately 450,000 inhabitants. It 

has extensive mining activity, mainly in the city of Teófilo 

Otoni, besides the activities on agriculture, livestock and 

reforestation (IGAM, 2011). The predominant climate in 

the region is characterized as warm semi-humid tropical 

type Aw, according to Köppen classification (Kottek et al., 

2006). Its location is shown in Figure 1. 

 

 

FIGURE 1. Location of BHRM.  

 

The computational simulation was performed with 

the SWAT version 2012 (Arnold et al., 2012), through the 

interface with ARCGIS 10.x, called ARCSWAT. 

 The relief data were obtained from the 

Hydrographically Conditioned Digital Elevation Model 

(MDEHC), based on the altimeter data derived from 

SRTM (Shuttle Radar Topographic Mission), according to 

methodology proposed by Elesbon et al. (2011). 

The MDEHC presents a variation from 1 to 1,238 

meters, with the highest altitudes found on the headwater 

regions and the lowest at the river mouth, as expected. Its 

spatial distribution is represented in Figure 2. For the 

definition of the Hydrological Response Units (HRU's), 

based on the MDEHC, were used the slope classes 

proposed by EMBRAPA (1979). 

 

 

FIGURE 2. MDEHC of BHRM. 

 

The soil map was adapted from a survey carried out 

by the Land Department of the Federal University of 

Viçosa which mapped the entire BHRM in the 1980s. The 

BHRM presents seven classes of soils: Inceptisols (0.5%), 

Gleyssols (0.5%), Oxisols (50.4%), Ultisols (45.6%), 

Mangrove soils (0.1%), Spodosols (0.3%) and Rock 

outcrops (2.6%). The spatial distribution of soils is shown 

in Figure 3. 

 

 

FIGURE 3. BHRM Soils.  

 

The physical-hydrological attributes of the soils 

came from previous studies carried out in other 

hydrographic basins (Pinto, 2011; Lelis et al., 2012; 

Oliveira, 2014). For the use of the Rocky outcrop class the 

SWAT has specific attributes in its base, therefore, it was 

used the own base for this one. 

               The land use map was obtained using ArcGis 

version 10.0 by means of a supervised classification by 

maximum likelihood method, using 1,800 pixels of 

training sample per class of soil use and filtering of smaller 
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areas than one hectare with the use of mosaic images 

LANDSAT 8 with spatial resolution of 30 meters in the 

years 2014 and 2015 (Figure 4). 

 

FIGURE 4. Land use and occupation at BHRM.  

 

In land classes distribution for soil use we found: 

47.1% of the basin area for the pasture class; 23.2% for the 

forest class; 16.1% for agriculture, 6.7% for exposed soil; 

6.4% for the urban class, and finally, 0.5% represents the 

water class. 

The required data for the stations, on daily basis of 

the meteorological type were: precipitation (mm), 

maximum and minimum temperature (ºC), solar radiation 

(MJ m-2 s-2), wind speed (m s-1) and relative humidity 

(%).For rainfall stations precipitation is required (mm), 

and finally for the fluviometric station only the flow (m³ s-

1). 

The input of meteorological data for the model use 

was obtained by consulting with the HIDROWEB / ANA 

database and the INMET automatic station network. Eight 

rainfall stations, six fluviometric stations and two 

meteorological stations were used, all with a period from 

01/01/2007 to 12/31/2014. The spatial distribution of the 

stations is shown in Figure 2. Other relevant information 

for the used stations is shown in Table 1. 

 

TABLE 1. Available stations for the study area. 

Code Type Name County Sponsor 

55630000 F1 CARLOS CHAGAS CARLOS CHAGAS ANA 

55560000 F FAZENDA DIACUI TEÓFILO OTONI ANA 

55610000 F FRANCISCO SÁ CARLOS CHAGAS ANA 

55660000 F SÃO PEDRO DO PAMPÃ UMBURATIBA ANA 

55699998 F NANUQUE – Upstream NANUQUE ANA 

55520001 F MUCURI TEÓFILO OTONI ANA 

OMM 86763 M2 SERRA DOS AIMORÉS NANUQUE INMET 

OMM 86762 M TEÓFILO OTONI TEÓFILO OTONI INMET 

1740000 P3 CARLOS CHAGAS CARLOS CHAGAS ANA 

1740001 P NANUQUE – Upstream NANUQUE ANA 

1740026 P SÃO PEDRO DO PAMPÃ UMBURATIBA ANA 

1740033 P ÁGUAS FORMOSAS ÁGUAS FORMOSAS ANA 

1741001 P MUCURI TEÓFIL O OTONI ANA 

1741007 P PEDRO VERSIANI (EFBM) TEÓFILO OTONI ANA 

1741009 P FRANCISCO SÁ (EFBM) CARLOS CHAGAS ANA 

1841008 P ATALÉIA ATALÉIA ANA 
1indicates fluviometric type Station; 2indicates meteorological Station, and 3indicates Pluviometric Station. 

 

The model warm-up period was defined in two 

years (2007 and 2008). In order to analyze the sensitivity, 

calibration and validation of the SWAT model for the 

BHRM we used the SUFI2 module present in the SWAT-

CUP software, version 5.1.6 (Abbaspour, 2007). 

It was decided to define the 19 main parameters 

(Table 2) for the calibration of the basin flow. These 

parameters were defined as a function of their occurrence 

among the main calibration parameters for the variable 

flow rate (Blainski et al., 2011; Durães et al., 2011; Muleta 

& Nicklow, 2005; Neto, et al., 2014; Andrade et al., 2013;  

2013, Pinto et al., 2013). 

From the studies developed by Pinto et al. (2013), 

Lelis et al. (2012) and Pereira et al. (2016) which 

developed the application of the SWAT model for basins 

that are also inserted in the State of Minas Gerais, defined 

the methods of adjustment and initial intervals of the 

parameters that would be used in the SWAT application in 

the BHRM. The parameters related to the solid phase of 

the water were excluded, because the basin in question is 

under influence of tropical domain and does not count on 

such phenomena. 

It is worth mentioning that several studies make use 

of these parameters for the initial configuration of the 

model for the flow variable (Andrade et al., 2013; Neto et 

al., 2014). 

Based on the results of the last performed 

simulation a sensitivity ranking of the parameters defined 

through the analysis of the values of the "t-stat" and "p-

value" indexes was presented according to methodology 

described by Singh et al. (2013). 
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TABLE 2. Parameters used from the SWAT model. 

Parameter Meaning 

CN2 Number of the initial curve for the moisture condition AMCII (dimensionless) 

ALPHA_BF Baseline flow recession constant (days) 

GW_DELAY Time interval for recharge of the aquifer (days) 

GWQMN Water limit level in the shallow aquifer for the occurrence of base flow (mm) 

CH_K2 Effective hydraulic conductivity of the channel (mm h-1) 

SURLAG Delay time of direct surface runoff (days) 

SOL_K Saturated soil hydraulic conductivity (mm h-1) 

CH_N2 Manning coefficient for the main channel (s m-0.33) 

ESCO Soil water evaporation compensation factor (dimensionless) 

SLSOIL Slope length for lateral subsurface flow (m) 

CANMX Maximum amount of water intercepted by vegetation (mm) 

SOL_AWC Soil water storage (mm mm-1) 

SOL_Z Depth of soil layer (mm) 

GW_REVAP Coefficient of water rise to saturation zone (dimensionless) 

BIOMIX Efficiency of soil biological mix (dimensionless) 

SOL_ALB Soil Albedo (dimensionless) 

REVAPMN Water depth in the aquifer for the occurrence of water rise to the unsaturated zone (mm) 

EPCO Factor of compensation of water consumption by plants (dimensionless) 

SLSUBBSN Average slope length (m) 

From the definition of parameters’ model, the 

calibration step started from 250 iterations by simulation 

until the objective function was reached (Abbaspour, 

2007). The objective function was defined by the Nash-

Suttclife efficiency coefficient developed by Nash & 

Suttclife (1970), opting for a value of 0.6 in order to seek 

good performance without causing bias to the model. 

The model calibration was done for a fluviometric 

station and the validation carried out in the other basin 

stations. This technique is justified on the premise of 

modeling which the model must be able to respond to the 

entire hydrological process that occurs in the basin for the 

calibration conditions. The chosen fluviometric station for 

the calibration stage was Carlos Chagas (55630000). This 

choice was justified by the existence of three upstream 

stations (Mucuri (55520001), Fazenda Diacuí (55560000) 

and Francisco Sá (55610000)), one downstream (Nanuque 

Upstream (55699998)), and another totally independent 

(São Pedro do Pampã (55660000)) which, although in a 

same basin, present very different characteristics. Figure 2 

represents the spatial distribution of the fluviometric 

stations. 

The Nanuque Upstream station (55699998) 

contains all others in its drainage area, therefore, chosen 

for downstream validation. The São Pedro do Pampã 

station (55660000) has no drainage area in common with 

the calibration station. This fact becomes interesting to 

visualize the applicability of the model to the whole basin. 

The coefficients of determination (R2) and Nash-Suttclife 

(ENS) efficiency were used to analyze the adjustment of the 

values predicted by the model to the observed data, and to 

evaluate the magnitude of the error was used the 

Percentage of Trend (PBIAS) (Abbaspour , 2007). 

Moriasi et al. (2007) defined values of ENS, PBIAS 

and R² for the evaluation models. Van Liew et al. (2003) 

and Fernandez et al. (2005) also proposed some limits for 

the classification of these statistical indices. Table 3 shows 

the used limits of the statistical indices. 

 

TABLE 3. Classification of statistical indices. 

ENS PBIAS R² Classification 

0.75 < ENS ≤ 1.00 PBIAS ≤ ± 10 0.75 < R² ≤ 1.00 Very good 

0.60 < ENS ≤ 0.75 ± 10 < PBIAS ≤ ± 15 0.60 < R² ≤ 0.75 Good 

0.36 < ENS ≤ 0.60 ± 15 < PBIAS ≤ ± 25 0.50 < R² ≤ 0.60 Satisfactory 

0.00 < ENS ≤ 0.36 ± 25 < PBIAS ≤ ± 50 0.25 < R² ≤ 0.50 Bad 

ENS ≤ 0.00 ± 50 ≤ PBIAS R² ≤ 0.25 Inappropriate 

Source: Adapted from Moriasi et al. (2007), Van Liew et al. (2003) and Fernandez et al. (2005). 

RESULTS AND DISCUSSION 

From the definition of the parameters to be 

calibrated and the subsequent calibration, SWAT-CUP 

defines the parameters most sensitive to calibration using 

the Latin Hypercube (LH) and one-factor-a-time (OAT) 

methods, using this information for the next iteration, if 

any. The ranking of the parameters based on the "t-stat" 

and "p-value" indexes, after five simulations with 250 

iterations each, is presented in Figure 5. 

The most sensitive parameters in the calibration 

step are presented at the top of the rankings, that is, the 

highest value of the t-stat index module which represents 

the ratio of the parameter coefficient by the standard error; 

and the lower value of the "p-value" which is related to the 

rejection of the hypothesis that an addition in the value of 

the parameter provides a significant increase in the 

variable response (Abbaspour, 2007). 
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FIGURE 5. Graph of statistical index values: a) "t-stat"; and b) "p-value" versus calibrated parameters. 

 

The most sensitive parameters were CH_N2, 

GWQMN, CH_K2, EPCO, SOL_K and SOL_AWC (Table 

2), ranked according to the highest sensitivity tested at a 

significance level of 5%. These parameters are related to 

the flow in the channel (CH_N2 and CH_K2), water in the 

soil (GWQMN, SOL_K and SOL_AWC) and the 

vegetation water consumption factor (EPCO). It is 

interesting to note that the CN2 parameter did not show the 

expected sensitivity, since it is related to direct surface 

flow however; it was shown to be one of the least 

sensitive. This fact may be related to the characteristic of 

the relief, being this more flat in great extent of the basin; 

as well as by the predominant soil (Oxisol) have great 

permeability, and, thus, favor the component related to 

water infiltration in the soil and consequently, the 

formation of the flow from the base flows. 

Pinto et al. (2013) describe the CH_K2 parameter 

as one of the most sensitive for the characteristics of the 

study region, and other parameters presented differing 

degrees of sensitivity. Neto et al. (2014) found results 

similar to those of Pinto (2011), but with the GWQMN 

factor as one of the most sensitive for the region in 

question. This fact can be evidenced by the fact that these 

basins are closer to each other, both in the Alto Rio Grande 

region. Due to the proximity they are in regions with 

similar characteristics of soil occupation, besides the 

topographic ones being close (regions with high slopes), 

consequently, they are submitted to hydrological processes 

strongly influenced by direct surface runoff. 

 Other studies have shown several parameters to be 

more sensitive to the most diverse watersheds in the world, 

such as: SOL_AWC (Schmalz & Fohrer, 2009; Lelis et al., 

2012; Santosh et al., 2010), SOL_K (Cibin et al., 2010), 

EPCO (Jha, 2009; Jeong et al., 2010), SOL_K (Cibin et al., 

2010). 

Table 4 shows the used method for the calibration; 

the limits for the calibration interval of the parameters 

(Pinto et al., 2013, Pereira et al., 2016; Lelis et al., 2012) 

and the calibrated value for each parameter. 

 

TABLE 4. Methods, initial adjustment intervals and calibrated value for each parameter. 

Parameter Method Initial Minimum value Initial Maximum value Calibrated value 

CH_N2 Absolute 0.01 0.059 0.116929 

GWQMN Absolute -500 1000 1365.775 

CH_K2 Absolute 0 25 8.948516 

EPCO Absolute 0 1 -0.16168 

SOL_K Relative -0.9 0.9 -0.40892 

SOL_AWC Relative -0.25 0.25 -0.21873 

SLSUBBSN Relative -0.25 0.25 0.059871 

SOL_Z Relative -0.25 0.25 0.164637 

CANMX Absolute 0 10 14.94177 

ESCO Absolute 0 1 0.786809 

GW_DELAY Absolute 10 120 82.0119 

GW_REVAP Absolute 0,02 0.2 0.33627 

BIOMIX Absolute 0 1 0.687435 

SURLAG Absolute 0.5 10 1.664087 

ALPHA_BF Relativo 0 0.048 0.004285 

REVAPMN Absolute -50 100 40.74179 

SLSOIL Relative -0.5 0,5 -0.59382 

CN2 Relative -0.3 0.3 -0.65569 

SOL_ALB Relative -0.25 0.25 -0.15716 
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After each simulation the SWAT-CUP suggests new 

values of intervals, always aiming at the statistical 

optimization of precision. Due to this characteristic the 

calibrated value for each parameter can appear outside the 

initial intervals, since were performed five simulations. 

These calibrated values were adjusted from Carlos Chagas 

station. The simulated and observed hydrograms as well as 

the precipitation at the station are shown in Figure 6A. 

By the analysis of Figure 6A, the observed and 

simulated values were close, with discrepancies in the 

regions of peak flow which the SWAT calibrated model for 

the basin had more difficulty in simulating. There is still a 

tendency to overestimate the model in the recession phase 

immediately after the highest flow peaks, especially in the 

beginning periods of each year. 

 The efficiency coefficient of Nash-Suttclife (ENS) 

presented a value of 0.63, being considered Good, as well 

as the correlation coefficient (R²) which presented value of 

0.65. Finally, the percentage of trend (PBIAS) was -15, that 

is, a general tendency of an overestimate of 15% which is 

close to the limit between the Good and Satisfactory 

classification (Table 3). 

 In order to validate the SWAT model in the BHRM 

were used other available fluviometric stations. The daily 

arrangement of simulate and observe flows as well as 

precipitation are shown in the sequence. 

 

 

FIGURE 6. Hydrograms observed, simulated and precipitations for the stations in the BHRM, being: a) Carlos Chagas 

(calibration); b) Diacui farm (validation); c) Francisco Sá (validation); d) São Pedro do Pampã (validation); e) Nanuque 

Upstream (validation); and f) Mucuri (validation).  

 

For the Diacui Farm station, Figure 6B, it was 

verified the presence of two major faults in the data period, 

being part of the middle of the year 2009 and end of 2010 

until the middle of 2011. It is a station that presents values 

with lower mean flow that is 100m3s-1, but there is a peak 

of 516 m³ s-1 in December 2013. In general, it is possible 

to observe the presence of underestimation model, 

especially in the large flow peaks, which are 

hydrologically influenced by phenomena related to direct 

surface runoff. 

The Francisco Sá station (Figure 6C) had 

practically no flaws, except for the month of September in 

2009. The overall behavior of the simulated series was 

visually superior to the observed series, except for the peak 

event at the end of 2010 and beginning of 2014. It can be 

observed that the values at the station were much lower 

than 50 m³ s-1, except in the rainy periods. 

For the São Pedro do Pampã station it was verified 

that the simulated series showed very little sensitivity to 

the flow peaks (Figure 6D). The behavior presented is 

close to the expected behavior of the base flow. The 

observed values at the station were below 25 m³s-1 most of 

the time, exceeding this limit during some extreme events, 

generally associated with daily rainfall greater than 50 

mm. 

The Nanuque Upstream station (Figure 6E) 

presented a fault in the period from November 2009 to 

March 2010. The overall behavior of the simulated series 

was visually above the observed series, except for peak 

events. It was observed that the values at the station were 

close to the average of 100 m³ s-1 with maximum observed 
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value of 1,226 m³ s-1. The flow of this station was superior 

to the others because it is the closest station to the mouth 

of the basin. 

The simulated Hydrogram of Mucuri station 

presented a behavior that was noticeably higher than that 

observed (Figure 6F). The station presented values lower 

than 10 m³ s-1 most of the time. There are several flaws in 

the series being the major one in the middle of 2009. 

The statistical accuracy indices results (ENS, PBIAS 

and R²) and their classification according to Table 3 for the 

fluviometric stations are in Table 5. 

 

TABLE 5. Accuracy statistical indexes of SWAT adjustment for the various stations. 

Station Name Fase ENS Clas.1 PBIAS Clas. R² Clas. 

55630000 Carlos Chagas Calibration 0.63 B2 -15 B 0,65 B 

55560000 Diacui Farm Validation 0.56 S3 26 R 0,62 B 

55610000 Francisco Sá Validation 0.28 R4 -43 R 0,28 R 

55660000 São Pedro do Pampã Validation 0.33 R 12 B 0,34 R 

55699998 Nanuque Upstream Validation 0.63 B -12 B 0,64 B 

55520001 Mucuri Validation -0.10 I5 -50 I 0,68 B 
1Classification; 2Good; 3Satisfactory; 4Bad; 5Inappropriate.  

 

The statistical accuracy indexes ENS, PBIAS and R2 

for Carlos Chagas station (calibration stage) indicate that 

the model had a good adjustment. 

In the validation stage it is possible to observe 

different performances of the evaluated statistical indices. 

According to the ENS index the use of model at the 

Nanuque Upstream station was good; at the Diacui Farm 

station was satisfactory; at the Francisco Sá and São Pedro 

do Pampã stations was bad, and at the Mucuri station was 

inadequate according to values suggested by Moriasi et al. 

(2007). 

By the analysis of the PBIAS index the trend was not 

the same as the one observed in the ENS index, since in São 

Pedro do Pampã and Nanuque Upstream station the 

classification was good, in Diacui Farm and Francisco Sá  

station was bad and for the Mucuri station inadequate. 

However, R² index in Diacui Farm, Nanuque Upstream 

and Mucuri stations was considered good, and in the others 

as bad (Van Liew et al., 2003; Fernandez et al., 2005). 

As for the results of the statistical indices it is 

possible to infer that in the Francisco Sá, São Pedro do 

Pampã and Mucuri stations the model presented inferior 

performance basically due to stations being located in 

regions with the use and occupation of the soil 

differentiated from the average calibration station. In the 

drainage area of Francisco Sá station there is a great 

presence of regions with urban spots and exposed soil, and 

in the drainage areas of São Pedro do Pampã and Mucuri 

station are regions with greater percentage of forest and 

agriculture, respectively. Durães et al. (2011) reported 

variation in flow rate due to changes in land use and 

occupation, corroborating with results obtained under 

different land use domains. 

Another factor that may be related is the relief, 

since  Francisco Sá, São Pedro do Pampã and Mucuri 

stations are located in the headwater regions of BHRM, 

consequently, with high slopes. Due to the calibration 

occurring in a station with less rugged relief average the 

predominant hydrological processes are different. The 

headwater regions generally have the flow formation 

predominantly associated with the components of the 

direct surface runoff. Pinto et al. (2013) studying the 

application of SWAT model in the headwater region of Rio 

Grande Basin observed that the most sensitive parameters 

of the model are related to direct surface runoff 

components. 

        For the downstream regions, its flow formation 

process is predominantly associated with the components 

of the base flow. This analysis is confirmed by the low 

sensitivity of the parameters associated with the direct 

surface runoff in the sensitivity analysis phase of the 

model (Lelis et al., 2012). 

 

CONCLUSIONS 

The SWAT model presented a good performance in 

the calibration stage and in the validation stage it was 

adequate in most stations for the edaphoclimatic 

conditions of the BHRM. The SWAT-CUP module was an 

important tool for sensitivity analysis, calibration and 

validation of the model. SWAT, based on its performance, 

demonstrates the ability to use alternative scenarios 

simulations and their impacts on the hydrological cycle in 

future investigations. 
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