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ABSTRACT
The upper Teles Pires River basin is located in the Brazilian agriculture frontier in the north of Mato Grosso state and has
experienced significant changes in land use and cover, which can cause major changes in its hydrological dynamics. Climatic
and hydrologic data are scarce in the region, which poses uncertainties in the decision-making process aiming at the sustainable
management of water resources in this strategic area. The aim of this study was to evaluate the performance of the Large-Scale
Distributed Hydrological Model (MGB-IPH) to assess water availability of the upper Teles Pires basin and support water
resource management in the Amazon-Cerrado ecotone. The MGB-IPH model was calibrated and validated using data from
three streamflow stations available in the basin. In order to verify the model performance, the Nash-Sutcliffe (NS) and the
PBIAS statistical parameters were applied. Our results show that, by using the MGB-IPH model with generally available
data, the maximum and minimum flow regimes can be successfully assessed in the upper Teles Pires basin. The continuity
curves of daily flow simulated by the model showed a good fit with the observed flow. Overall, the results demonstrated the
applicability of the MGB-IPH model for water resource assessment and management in the basin.
KEYWORDS: water resource management, hydrologic simulation, sustainability, Brazilian agriculture frontier

Calibração e validação do modelo MGB-IPH para gestão de recursos
hídricos na bacia do alto Rio Teles Pires, ecótono Amazônia-Cerrado, Brasil
RESUMO
A bacia do alto Rio Teles Pires está localizada na região de fronteira agrícola no norte de Mato Grosso, onde significativas
mudanças no uso e cobertura do solo vem ocorrendo, o que, por sua vez, pode resultar em alterações importantes na dinâmica
hidrológica da bacia. Dados climáticos e hidrológicos são escassos na bacia, o que gera dificuldades para a gestão sustentável
dos recursos hídricos nesta região estratégica. No presente trabalho, avaliamos o desempenho do Modelo de Grandes Bacias
(MGB-IPH) para a estimativa da disponibilidade hídrica da bacia do alto Teles Pires, visando o suporte à tomada de decisões
para a gestão hídrica no ecótono Amazônia-Cerrado. O modelo MGB-IPH foi calibrado e validado utilizando séries históricas
de três estações hidrométricas presentes na bacia. Para avaliação da qualidade do modelo, foram empregados os índices
estatísticos de desempenho de Nash-Sutcliffe (NS) e a porcentagem BIAS (PBIAS). Com base nos resultados é possível afirmar
que a utilização do modelo MGB-IPH possibilita a estimativa das vazões mínimas e máximas da bacia do alto Teles Pires de
forma satisfatória. As curvas de continuidade das vazões diárias simuladas pelo modelo apresentaram um bom ajuste com os
dados observados. Os resultados demonstram a aplicabilidade do modelo MGB-IPH como ferramenta de apoio à avaliação
e gestão dos recursos hídricos na bacia.
PALAVRAS-CHAVE: gestão de recursos hídricos, simulação hidrológica, sustentabilidade, fronteira agrícola
CITE AS: Oliveira, R.F.de; Zolin, C.A.; Victoria, D. de C.; Lopes, T.R.; Vendrusculo, L.G.; Paulino, J. 2018. Hydrological calibration and validation of the MGBIPH model for water resource management in the upper Teles Pires River basin in the Amazon-Cerrado ecotone in Brazil. Acta Amazonica 49: 54-63.
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INTRODUCTION
The upper Teles Pires River basin is located in the Brazilian
northwestern agriculture frontier, in the north of Mato Grosso
state, and comprises a large part of the Cerrado ecosystem
and transition areas between the Amazon and Cerrado
biomes. The region covered by the basin has great economic
and environmental importance. More than 17% of the total
gross domestic product (GDP) of Mato Grosso is generated
in the municipalities that are totally or partially within the
basin, including some of the largest producers of soybean
and corn in Brazil (EPE 2009; SEPLAN 2017). The basin
has experienced significant changes in land use and cover in
the last decades due to conversion of its natural cover to areas
intended for pasture and, later, agriculture, which increased
25.5% between 1986 and 2014 (Zaiatz et al. 2018), which
likely led to hydrologic impacts.
Several studies have assessed hydrological extremes over
the Amazon basin, such as the floods of 2009 and 2012,
and the droughts in 1996, 2005, and 2010 (Espinoza et al.
2011; Huete et al. 2006; Marengo et al. 2011, 2008; Nie et
al. 2015). However, studies focusing on water availability in
agriculture transition zones of the Amazon biome are scarce or
nonexistent. The upper Teles Pires basin is no exception, since,
in spite of its great economic and environmental importance
for the state of Mato Grosso, and its significance for Brazilian
agriculture, little attention has been given to water availability
assessment in the basin, in order to support water resource
planning and management in the region. Despite its large
size (37,444 km2), the upper Teles Pires basin has only three
fluviometric stations within its coverage area. Thus, studies
of water availability in this basin, as well as the assessment
of floods while designing hydraulic structures, are hampered
by lack of data (Lopes et al. 2017). An important aspect in
large-scale agriculture areas is water extraction for irrigation,
which is growing fast in the upper Teles Pires basin (ANA
2017), in most cases without the appropriate information on
minimum flow to support the grant of water use rights, known
in Brazil as outorga. Considering the uncertainties related
to the sparse river flow monitoring network, the criteria for
granting water rights for irrigation, as well as industrial use,
may be compromised in some cases, affecting the sustainability
of water use in the basin.
Currently, one of the most challenging issues in hydrology
is the development of models that can support decision
makers with reliable predictions of river flow, mainly from
data-scarce basins, and at the same time be flexible enough
for the evaluation of different management scenarios (Birhanu
2009). In this context, conceptual and physically based
hydrological models emerged as important tools for water
resource planning and management, due to their applicability
for streamflow forecasting and assessment of the impacts of
land use and climate change on water availability. In this
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regard, several hydrological models are available, such as
the European Hydrological System Model (MIKE SHE),
Agricultural Policy/Environmental Extender (APEX), Soil
and Water Assessment Tool (SWAT) (Golmohammadi et al.
2014) and the Large-Scale Distributed Hydrological Model
(MGB-IPH) (Collischonn et al. 2007). The MGB-IPH model
has been successfully applied in several Brazilian basins with
different characteristics (Felix and Paz 2016; Neto et al. 2006).
The objective of this study was to run a hydrological
calibration, validation and performance evaluation of the
MGB-IPH hydrological model for the upper Teles Pires basin
in order to assess water availability and seasonal variations
in river discharge. Our aim was to create a tool to support
decision makers in the management of water resources in this
little known basin.

MATERIAL AND METHODS
Study Area
The Teles Pires River is one of the territorial divisors of the
Brazilian Mato Grosso and Pará states (Figure 1) and a major
tributary of the Tapajos River, one of the most important
tributaries of the right bank of the Amazonas River. The Teles
Pires River basin drainage area, at the confluence with the
Tapajos, is of about 141.278 km2, covering 35 municipalities,
31 in Mato Grosso and four in Pará.
For the purpose of water resource management, the basin
was divided by the Brazilian National Water Resources Plan
(Plano Nacional de Recursos Hídricos), in upper, middle and
lower sub-basins, according to the physical and topological
characteristics of each section (EPE 2009). The upper Teles
Pires basin lies between 15º00’ and 11º00’S, and 54º00’
and 58º00’W, and extends across nearly 37,444 km2, with
an average slope of 0.79 m km-1. The prevailing climate
types within the basin are Aw (tropical with a dry winter)
and Am (tropical monsoon), with precipitation and mean
annual temperature of approximately 2000 mm and 25 ºC,
respectively (Souza et al. 2013; Alvares et al. 2013). According
to measurements taken at the fluviometric stations within the
basin, the highest specific average flow has been recorded at
28.14 L s-1 km-2 (the average values reported for the middle
and lower Teles Pires are 24.39 L s-1 km-2 and 23.13 L s-1 km-2,
respectively) (EPE 2009). The main soil type classes in the
upper Teles Pires basin include Cambisol (gleied soils with
moderate depth and high erodibility); Latosol and associations
(gleied and deep soils, more porous and very low erodibility);
Red Ultisol and their associations (well or moderately drained,
moderately porous and low erodibility); Neossols and their
associations (deep soils with low potential for surface runoff,
porous and low erodibility) (Santos et al. 2011; EPE 2009).
The natural cover in the Teles Pires basin was originally
Cerrado, and Amazon/Cerrado transition vegetation.
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Figure 1. Geographical location of the upper Teles Pires River basin in Mato Grosso, Brazil. The map of Brazil shows the outlines of federal states. The Teles Pires River
basin in shown spanning the states of Mato Grosso, to the south, and Pará. This figure is in color in the electronic version.

Today the basin spans one of the so-called “Brazilian
agricultural frontiers”, and its forest cover has suffered intense
anthropization from 1986 to 2014, with substantial reduction
in forest area. The expansion of pasture and subsequent
agriculture areas was the main driver of forest clearing in the
upper Teles Pires basin (Zaiatz et al. 2018).

MGB-IPH model and input data
The MGB-IPH model takes into account different modules
for the calculation of soil water budget, evapotranspiration,
flow propagation within a cell, and flow routing through the
drainage network. The river basin is divided into elements of
area linked by channels, with land use and cover within each
element arranged into classes. Based on the Digital Elevation
Model (DEM) (Figure 2A), the model discretizes the drainage
network in several irregular units (catchment areas) (Figure
2B) (Getirana et al. 2010). Based on the catchment area
discretization, the model uses the combination of soil types and
land cover to delineate Hydrological Response Units (HRU)
(Figure 2C), which are areas with expected similar hydrological
response (Collischonn et al. 2007). The water budget and
evapotranspiration are then calculated for each HRU.
The MGB-IPH input data is divided in two categories:
weather and discharge time series data and spatial data (maps
of soil type, land cover and DEM). The DEM data used in
this study was provided by the National Institute for Space
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Research (INPE), with spatial resolution of 30 x 30 m (Figure
2A) (INPE 2017). The land use and cover map from 2014 was
used as input data and was obtained from Zaiatz et al. (2018),
who evaluated the land use and cover dynamics of the area
from 1986 to 2014. The soil map was obtained through the
RADAM-Brazil Project (Santos et al. 2011), provided by the
Brazilian Institute of Geography and Statistics (IBGE). The
main soil types in the upper Teles Pires basin were grouped
into two classes, shallow soils (SS) (Cambisol and Neosol)
and deep soils (DS) (Utsol and Latosol), according to their
potential for runoff generation. The land use and cover was
classified into five classes as follows: Forest (F), Planted Pasture
(L), Agriculture (A), Secondary Vegetation (P) and Water (W).
In addition to the cartographic data, the MGB-IPH model
uses flow data and interpolated rainfall, temperature, solar
radiation, relative humidity, wind speed and atmospheric
pressure data. These data were obtained from three
fluviometric stations located within the upper Teles Pires
basin (Cachoeirão, Teles Pires and Porto Roncador) and
pluviometric stations located within the basin and in
surrounding regions (Table 1 and Figure 2A), through the
Hydrological Information System (Hidroweb) provided by the
National Water Agency (ANA 2016) and from the Brazilian
National Institute of Meteorology (INMET).
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In order to assess the ability of the model to simulate
the dynamics in the hydrological system under study, the
model calibration is performed for a specific time period, and
validated for another period, not used in the calibration. The
validation step allows to confirm the accuracy of the calibrated
parameters of the model aiming at the simulation of stationary
processes in river basins with hydrological data.
A 20-year series period (1991-2011) of river-flow data
was used for the simulation of the upper Teles Pires basin
as follows: a five-year period (1991-1995) was used for
the MGB-IPH warm-up, in order to reduce the effects of
uncertainties regarding the initial conditions of the model
parameters (Collischonn 2001; Tucci 2005); the subsequent
10 years (1996-2006) were used for the calibration and the
last five years (2007-2011) were used for the validation of the
MGB-IPH model.

Model calibration is an interactive process in which
parameter values are modified and their effect on results is
evaluated repeatedly until the calculated data (hydrograph)
reproduce the observed data with good accuracy. In the
model calibration the parameters are associated with known
variables, such as land-use and cover classes and soil types
(Collischonn 2001), so that after calibration the parameter
should adequately reproduce the observed hydrograph.
The following parameters were used for calibration of the
MGB-IPH model: soil moisture capacity (Wm); a parameter
defining the shape of the storage-saturation relation (b);
a parameter controlling flow during dry periods (Kbas); a
parameter controlling quantity of soil water emerging as
surface flow (Kint); a parameter controlling the shape of
the reduction in intermediate or sub-surface drainage (XL);
a parameter controlling flow from subterranian reservoir to

Figure 2. Characterization maps of the upper Teles Pires River basin (Mato Grosso, Brazil). (A) Digital elevation model (DEM); (B) Catchment discretization (sub-basins);
(C) Hydrological response units (HRUs): Forest in deep soil (FDS), Forest in shallow soil (FSS), Planted Pasture in deep soil (LDS), Planted pasture in shallow soil (LSS),
Agriculture in deep soil (ADS), Agriculture in shallow soil (ASS), Secondary vegetation in deep soil (PDS), Secondary vegetation in shallow soil (PSS) and Water. This
figure is in color in the electronic version.
Table 1. Fluviometric and pluviometric stations used to obtain time series for the upper Teles Pires River basin (Mato Grosso, Brazil).
Station code
17280000
17210000
17200000
1156003
1255000
1256001
1256002
1356002
1453000
1454000
956000

Name of station
Cachoeirão
Teles Pires
Porto Roncador
Nova Americana
Vera
Gleba Celeste
Fazenda Divisão
Nova Mutum
Passagem da BR-309
Paranatinga
Alta Floresta
57

Latitude
11°39’04”S
12°40’30”S
13°33’23”S
11°38’41”S
11°17’18”S
12°12’00”S
12°58’05”S
13°48’56”S
14°36’43”S
14°25’04”S
09°52’13”S
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Longitude
55°42’09”W
55°47’35”W
55°19’54”W
56°09’26”W
55°17’37”W
56°30’00”W
56°18’56”W
56°07’20”W
53°59’55”W
54°02’58”W
56°06’08”W

Drainage area (km2)
34.600
13.900
10.800
-

Station type
fluviometric/pluviometric
fluviometric/pluviometric
fluviometric/pluviometric
pluviometric/weather
pluviometric/weather
pluviometric/weather
pluviometric/weather
pluviometric/weather
pluviometric/weather
pluviometric/weather
pluviometric/weather
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the soil surface layer during a time-interval (CAP); residual
storage (Wc); the coefficient for surface propagation in cells
(CS); the coefficient for sub-surface propagation in cells
(CI); and the delay for the subterranean reservoir (CB). A
detailed description of the MGB-IPH model is presented by
Collischonn et al. (2007) and Monte et al. (2016).
Fixed parameter values were taken for albedo, leaf-area
index (LAI), tree height (Z) and surface resistance (Rsup)
(Table 2), according to the soil type and land use and coverage
of each HRU (Collischonn 2001; Tucci 2005). A value of
0.0100 m³ (s.km²)-1 was obtained for specific baseflow (QB)
(Monte et al. 2016).
In a simplified way, the sensitivity analysis investigates
how the variation in the output of a numerical model can be
attributed to variations of its input factors (Pianosi et al. 2016).
In this regard, in order to assess the sensitivity of the MGBIPH model parameter, a qualitative analysis was performed
taking into consideration the calibrated parameters from 1996
to 2006, measuring the model performance by comparison
of modelled and observed data.
In order to evaluate the MGB-IPH model performance,
we used the Nash-Sutcliffe efficiency coefficient (NS) and its
logarithmic version (NSLOG), which is more influenced by low
flows, as well as the percent bias (PBIAS) coefficient (Fan et
al. 2014; Eduardo et al. 2016) as follows:

𝑁𝑁𝑁𝑁 = −

∑ (

∑ (

𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿 = −

∑

∑

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 100

−

)

(1)

− ̅̅̅̅̅
𝑄𝑄𝑄𝑄)

(log(

(

)−log(

))

̅̅̅̅̅̅̅̅̅̅̅̅̅
)−(log
𝑄𝑄𝑄𝑄))

∑𝑛𝑛𝑖𝑖=1(𝑄𝑄𝑚𝑚 − 𝑄𝑄𝑠𝑠 )𝑖𝑖
∑𝑛𝑛𝑖𝑖=1 𝑄𝑄𝑚𝑚

(2)

(3)

where Qm is the observed flow at the streamflow station (m3
s-1); Qs is the simulated flow (m3 s-1); n is the number of time
intervals and is the mean observed flow (m3 s-1).
Model performance values of NS and NSLOG > 0.75 were
classified as good, while values between 0.36 and 0.75 were
acceptable (Liew et al. 2003; Preira et al. 2014). The percent
bias (PBIAS) represents the average tendency (higher or lower)
of the simulated data in relation to the observed data. Negative
and positive values of PBIAS respectively indicate that the
model underestimates or overestimates the simulated flow in
relation to observed data. The following range delimitations
of PBIAS values were used for model classification: |PBIAS| <
10%, very good; 10% < |PBIAS| < 15%, good; 15% < |PBIAS|
< 25%, satisfactory and |PBIAS| > 25%, unsatisfactory (van
Liew et al. 2007).
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Table 2. Values of fixed parameters used in the MGB-IPH model for the upper
Teles Pires River basin (Mato Grosso, Brazil) simulation.
Hru’s

Albedo

LAI

Z

Rsup

FSS

0.15

9.00

25.00

100

FDS

0.15

6.00

25.00

100

ASS

0.30

3.00

1.00

150

ADS

0.30

3.00

1.00

150

LSS

0.26

2.00

0.80

120

LDS

0.26

2.00

0.80

120

PSS

0.14

8.00

10.00

80

PDS

0.14

5.00

10.00

80

Water

0.08

-

0.10

0

LAI- leaf-area index; Z - trees height (m); Rsup - surface resistance (s m-1); Forest
in deep soil (FDS); Forest in shallow soil (FSS); Planted Pasture in deep soil (LDS);
Planted Pasture in shallow soil (ASS); Agriculture in deep soil (ADS); Agriculture
in shallow soil (ASS); Secondary Vegetation in deep soil (PDS) and Secondary
Vegetation in shallow soil (PSS).

RESULTS
The NS and NSLOG coefficients (Table 3), for both the
calibration and validation periods for the three streamflow
stations located in the upper Teles Pires basin (Cachoeirão,
Teles Pires and Porto Roncador) showed high values (> 0.75),
indicating a good fitness between the observed and simulated
river flow (Figure 3), as well as a good performance for the
MGB-IPH model. Higher values of NSLOG were observed in the
calibration period, showing a better adjustment of hydrograph
recession. Regarding the PBIAS coefficient, the result was very
good (< 10%) for the streamflow stations in the calibration and
validation periods, except for the Cachoeirão streamflow station,
for which a PBIAS > 10% was obtained, indicating a good
result. With exception of the Porto Roncador streamflow station
in the calibration period, the MGB-IPH model simulation
overestimated the flow in relation to observed data for both
the calibration and validation periods.
The permanence curves of the daily flow simulated by the
MGB-IPH model had a good fit in the Teles Pires (Figure
4B) and Porto Roncador (Figure 4C) streamflow stations for
both Q90 and Q95 estimates. Moreover, the values of the
coefficient of determination (R2) for both calibration and
validation were high, showing the accuracy of the MGB-IPH
model simulation for both periods (Figure 4).
Regarding the sensitivity analyses of the MGB-IPH model
parameters, the most relevant parameters were Wm and b,
which strongly affected maximum and minimum streamflow,
as well as the overall PBIAS. The final calibrated parameters
of the MGB-IPH model for the upper Teles Pires basin are
presented in Table 4.
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Table 3. Statistical evaluation of simulated versus observed flow data for the calibration (1996 a 2006) and validation (2007 a 2011) periods of the upper Teles Pires
River basin (Mato Grosso, Brazil).
Flow stations
Cachoeirão
Teles Pires
Porto Roncador

NS
Calibration
0.84
0.80
0.82

NSLOG
Validation
0.77
0.81
0.77

Calibration
0.88
0.92
0.85

PBIAS (%)
Validation
0.79
0.87
0.85

Calibration
-9.03
-3.45
1.90

Validation
-11.37
-1.66
-5.43

NS - Nash-Sutcliffe efficiency coefficient; NSLOG - logarithmic version of the Nash-Sutcliffe efficiency coefficient; PBIAS - Percent Bias

Figure 3. Hydrograph of observed and simulated daily flows during the calibration (1996 - 2006) and validation (2007 - 2011) periods for the Cachoeirão (A), Teles Pires
(B) and Porto Roncador (C) streamflow stations in the upper Teles Pires River basin (Mato Grosso, Brazil). This figure is in color in the electronic version.
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Figure 4. Continuity curves and the respective regression analyses of observed and simulated daily flows during the calibration (1996 - 2006) and validation (2007 - 2011)
periods for the Cachoeirão (A1 and A2), Teles Pires (B1 and B2) and Porto Roncador (C1 and C2) streamflow stations in the upper Teles Pires River basin (Mato Grosso,
Brazil). The numbers 1 and 2 represent, respectively, the calibration and validation periods for each streamflow station. This figure is in color in the electronic version.
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Table 4. Values of calibrated parameters used in the MGB-IPH model for the upper Teles Pires River basin (Mato Grosso, Brazil) simulation and HRU representative areas.
HRU
FDS
FSS
ADS
ASS
LDS
ASS
PDS
PSS

Area
(km2)
11.088
2.964
3.552
1.301
17.001
2.195
7.406
6.894

%

Wm

b

Kbas

Kint

XL

CAP

Wc

CB

CS

CI

32.92
08.80
10.55
3.86
0.50
0.65
21.99
20.46

1.357
428.7
374.8
48.40
804.6
358.4
1.619
314.1

0.47
2.02
0.27
0.85
0.65
1.25
0.30
1.06

4.83
1.48
1.03
0.56
1.16
0.46
1.18
1.78

45.20
8.62
62.12
20.00
19.28
13.28
57.32
20.58

0.53
0.37
0.66
0.69
0.58
0.99
0.47
1.19

0
0
0
0
0
0
0
0

0.07
0.12
0.16
0.14
0.08
0.11
0.15
0.05

5.456

14.3

174

HRU - Hydrological Response Unit; Forest in deep soil (FDS); Forest in shallow soil (FSS); Planted Pasture in deep soil (LDS); Planted Pasture in shallow soil (ASS);
Agriculture in deep soil (ADS); Agriculture in shallow soil (ASS); Secondary Vegetation in deep soil (PDS) and Secondary Vegetation in shallow soil (PSS). Wm - Soil
moisture capacity; b - Storage-saturation relation; Kbas - Flow during dry periods; Kint - Soil water emerging as surface flow; XL - Reduction curve in intermediate
or sub-surface drainage; CAP - Flow from subterranean reservoir to the soil surface layer; Wc - Residual storage; CS - Coefficient for surface propagation in cells; CI Coefficient for sub-surface propagation in cells; and CB – Coefficient delay for the subterranean reservoir.

DISCUSSION
The MGB-IPH model showed a good fit between the observed
and simulated values of river flow in the upper Teles Pires
River basin, reproducing well the river hydrograph for all
streamflow stations. In most streamflow stations we observed
a decrease in the NS coefficient values from the calibration
to the validation period, which was also observed by Strauch
et al. (2011), Lelis et al. (2012), Melo Neto et al. (2014) and
Monteiro et al. 2015). In general, the simulated streamflow
adjusted very well to the observed data, showing the model
ability to reproduce the frequent oscillations embedded in
long-term continuous simulation.
In the Taquari-Antas basin, in southern Brazil, NS and
NSLOG ranges were 0.66 − 0.90 and 0.71 − 0.86, respectively,
in the calibration period of the MGB-IPH model, while in
the validation period NS and NSLOG ranges were 0.4 − 0.84
and 0.75 − 0.86 (Collischonn et al. 2007). In this latter study
only one MGB-IPH model performance was considered
unsatisfactory (NS = 0.4) in one of the 11 analyzed streamflow
stations, which was attributed to poor raingauge coverage and
relatively small contribution area.
Fan et al. (2014) used the MGB-IPH model in a case
study of ensemble forecasting experiments in the upper part
of the São Francisco River basin, in southeastern Brazil, and
found good results (NS and NSLOG > 0.75) for 70% of the
streamflow stations in the calibration period. The use of the
MGB-IPH model for the hydrologic and hydrodynamic
modeling of the Amazon River resulted in a good performance
of 70% of the streamflow stations with NS > 0.6 and 75%
with BIAS < 15% (Paiva et al. 2013). These results confirm
the potential of the MGB-IPH model to simulate river flow
in different regions and climate conditions in Brazil, providing
an important tool for decision makers regarding water resource
planning and management, specially in data-scarce regions,
as is the case in the agriculture frontier between the Cerrado
and Amazon regions.
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The overestimation of the peak flows observed during the
calibration period at the Cachoeirão and Teles Pires streamflow
stations can be explained by a period of data failure in the flow
data series of both stations. At the Porto Roncador station,
where the best adjustment of the hydrograph in the calibration
period was observed, the data series had no missing values.
At Cachoeirão the model underestimated the Q90 and Q95
flows, which is more acceptable for water use rights criteria
than overestimation, taking into account the precautionary
principle (MMA 2018), especially in the context of lack
of information for the upper Teles Pires basin, and the
uncertainties involved in Q90 and Q95 flow extrapolation.
The good fit of simulated and observed data of the permanence
curve is of great importance for possible applications of the
MGB-IPH model for the assessment of water availability and
long-term forecasts in the water management process. Our
high R2 values also attest the applicability of the MGB-IPH
model for river flow forecasting.
The important role of the Wm and b parameters in the
sensitivity analyses for the model performance assessment is
related to the fact that b controlled the shape of the hydrograph
peaks, giving better fit to maximum streamflow, while Wm
adequately represented the soil characteristics related to soil
infiltration capacity, as also observed by Monte et al. (2016).
The hydrological calibration and validation of the MGBIPH model for the upper Teles Pires River basin can properly
predict the overall variation in streamflow, and showed
potential for use as a tool to support decision makers in water
resource planning and management in the region, as well as
researchers working on land use and climate change scenarios
and their impact on water availability.

CONCLUSIONS
The MGB-IPH model proved to be efficient for the
hydrologic simulation of the upper Teles Pires River basin.
The flow hydrograph was adequately represented for both
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the calibration and validation periods. The NS and NSLOG
coefficients were higher than 0.75, and PBIAS varied from
-11.4% to 1.9%, usually overestimating the peak flows and
underestimating the Q90 and Q95 flows, which is preferable
for water resource management and conservation. The most
sensitive parameters for the simulation were soil moisture
capacity and the storage-saturation relation, which strongly
affected maximum and minimum streamflow, as well as the
overall water balance. Our results indicate that the MGBIPH model can be used as a support tool for water resource
management in the upper Teles Pires basin, and for short-time
water availability assessment through the permanence curves.
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