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Abstract: Evapotranspiration represents a significant part on the water balance and, thus, the correct
evaluation of this hydrological parcel is relevant when modeling a watershed. The objective of this
work is to evaluate the Soil and Water Assessment Tool (SWAT) model’s capability in adequately
simulating evapotranspiration in a watershed with predominance of the Brazilian Cerrado biome.
Hydrological modeling of the Gama watershed located in the Federal District, which has 57.5% of
its total area covered by pristine Cerrado, was conducted. Hydrometeorological and turbulent flow
variables have been monitored in weather station and Eddy Covariance (EC) tower, respectively.
SWAT simulations were performed for potential evapotranspiration methods: Hargreaves (H),
Priestley–Taylor (PT) and Penman–Monteith (PM). Modified versions of SWAT for estimating actual
(ET) by Strauch and Volk (2013) (SV) and Arroio Junior (2016) (AR) were also tested. The calibration
and verification of the SWAT model, in terms of daily flow, were carried out using a Particle Swarm
Optimization algorithm, and fair results were obtained with all the methods evaluated. The actual
evapotranspiration (ET) simulated with SWAT (ETsim) using the PM, PT, H, SV and AR methods for
a Cerrado hydrological response unit (HRU) were evaluated and compared with the ET obtained
using the turbulent flow (Eddy Covariance) method (ETobs). Comparing ETobs and ETsim results,
the PM method showed the best fitness and the H and PT methods showed better fit for the dry and
the rainy periods, respectively. Although representing an advance on ET modeling, the SV and AR
modifications did not improve the response in terms of simulation of the studied area.

Keywords: evapotranspiration; SWAT; Eddy Covariance

1. Introduction

Evapotranspiration combines water losses to the atmosphere through soil evaporation
and vegetation transpiration, and represents the second most important component in
the assessment of the hydrological cycle [1]. Despite this, determining evapotranspiration
using hydrological models is still a challenge, especially due to the limited availability
of evapotranspiration data or meteorological variables necessary for its estimation [2–5].
Another obstacle is the selection of the appropriate method to represent the complexity of
this process in hydrological models [5–8].

The hydrological models represent the hydrological processes by mathematical func-
tions with parameters that do not always have physical meaning. This happens not only
due to deficiencies in the model formulation and structure itself, but also because of dif-
ficulties in estimating representative parameters for the physical processes due to local
conditions and spatial variability, and thus, calibration using observed data such as flow
rates is usually used to adjust the model parameters. In this way, errors in the ET estimation
can be “corrected” by the model with the aim of obtain a series of flows that are close to
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the series of observed flows. The literature presents some discussions regarding the results
of conceptual models, emphasizing that these models do not always generate the correct
results for the correct reasons [9–11].

Hydrological rainfall- runoff models estimate actual evapotranspiration (ET) based on
potential evapotranspiration (PET). The Soil and Water Assessment Tool (SWAT model),
for example, offers three methods for determining PET and later estimating ET: Penman–
Monteith [12], Priestley–Taylor [13] and the Hargreaves [14]. Developed by the USDA
Agricultural Research Service (ARS), SWAT is a useful tool in understanding the compo-
nents of the hydrological cycle and assessing the impact of different soil uses in relation to
flows and/or sediment [15–17].

In most rainfall–runoff studies, there is usually no assessment of the accuracy of PET
or ET estimates. However, as Strauch and Volk [18] emphasize, even though a considerable
number of studies has used the SWAT model for Brazilian basins and presented simu-
lations with calibrations considered good or satisfactory for the flow and/or sediments,
these results do not necessarily guarantee that hydrological processes are being correctly
simulated. In this perspective, Melo Neto [19] and Castro [20] found underestimation of
evapotranspiration in simulations using SWAT, in the Atlantic Forest and Cerrado biomes,
under climatic conditions defined by Koppen, Cwa and Aw, respectively.

The applicability of PET determination methods must be considered. Oudin et al. [21],
trying to identify the best method for estimating PET in rainfall–runoff models, concluded
that a simple PET estimate, based on temperature, works just as well as the Penman–
Monteith model. As a result, Oudin et al. [21] questioned: “if a simple temperature-
based PET estimation works as well as a Penman-type model, why not use a simpler
model with lower data requirements?”. Kannan et al. [22], evaluating a combination
of methods for generating ET and flow, concluded that the Hargreaves method, using
temperature, presented results as adequate as the more complex method of Penman–
Monteith, considering energy balance, on a daily scale.

There are limitations associated with estimating ET based on PET; therefore, in order to
improve the representativeness of evapotranspiration, Strauch and Volk [18] implemented
two new parameters (TRAMO1 and TRAMO2) in the SWAT model code. TRAMO1 and
TRAMO2 define, respectively, the first and the last month of a transition period from
the dry to the rainy season, making it possible that short periods of drought during the
rainy season or single rainfall events at the beginning of a dry season do not provoke the
end/start of a plant growing season. Similarly, the study by Arroio Junior [23] changed
a code routine, so that the plant dormancy mechanism that exists in the standard SWAT
model was completely deactivated. It is worth mentioning that the modifications in the
model code, made by the authors Strauch and Volk [18] and Arroio Junior [23], only impact
the way in which SWAT calculates the ET, with the PET method used in both studies being
the Penman–Monteith method.

In this regard, this work evaluated the potential of the SWAT model in simulating
the evapotranspiration of tropical basins with pristine Cerrado biome, the most extensive
Brazilian savanna. Three methods of estimating potential evapotranspiration provided
by the SWAT model and two modified actual evapotranspiration estimation strategies,
proposed by Strauch and Volk [18] and Arroio Junior [23], were tested. Ribeirão do Gama-DF
basin, which has 57.5% of its total area covered by pristine Cerrado, was chosen for the
available long term hydrometeorological data and two Eddy Covariance monitoring towers.

2. Materials and Methods
2.1. Study Area

The study area is the Ribeirão do Gama basin, located in the southern portion of the
Federal District (DF) (Figure 1). Ribeirão do Gama is an important tributary of Paranoá
Lake, with a mean flow of 2.90 m3/s. Cerrado is the predominant land cover in the Ribeirão
do Gama basin, representing 57.5% of the total area, in addition to the occurrence of urban
(23.28%), rural (3.73%) and other occupations (15.49%) (Figure 2D). Regarding pedology,
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the Red Latosols (46.4%) and Red Yellow Latosols (19.3%) predominate, in addition to
Cambisols (18.3%), Gleisols (15.7%) and Plintosols (0.3%) (Figure 2C). The climate in the
study area is tropical Aw, defined by Koppen as typical of savannas, with monthly mean
temperature and evapotranspiration equal to 22 ◦C and 65 mm, respectively, and annual
precipitation of approximately 1500 mm distributed between October and March [24].
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2.2. Hydrological Modelling

The SWAT model was used for hydrological simulation of the basin with daily time
steps [15,25]. The spatial distribution of the SWAT is represented by segmentations of the
basin into sub-basins, based on topography, and finally, into Hydrological Response Units
(HRUs), which consist of unique conditions of soil type, land use and the topographic [26].

SWAT models estimates evapotranspiration by separately considering the evaporation
processes of rivers, soil and vegetated surfaces and the transpiration process of plants. After
determining the potential evapotranspiration, the actual evapotranspiration is calculated;
SWAT first evaporates any precipitation intercepted by the plant canopy, then computes
the maximum amount of transpiration and the maximum amount of soil evaporation using
a similar approach that of Richtie [27]. Then, the actual amount of evaporation from the
soil is obtained, which will be influenced by the rate of shading.

However, when there is a demand for water evaporation from the soil, the SWAT first
partitions the evaporative demand between the different layers; the evaporative demand
not used by a soil layer results in a reduction in the actual evapotranspiration for HRU.
Finally, the actual transpiration is estimated, which, in addition to being a function of
potential transpiration and the availability of water in the soil, is directly linked to the leaf
area index, which, in turn, is related to the plant’s development stage [26].

To determine potential evapotranspiration (PET), which is equivalent to the evapo-
transpiration rate limited only by the energy available in a system [28], SWAT offers three
standard methods: the Penman–Monteith method [12], the Priestley–Taylor method [13]
and the Hargreaves method [14] (Table 1). The model also provides the option for the
user to enter the calculated PET data in case they want to use any method other than the
model’s standards.

Table 1. Potential evapotranspiration models evaluated.

Potential Evapotranspiration Methods Equation

Penman–Monteith λE =
∆·(Hnet−G)+ρair·cp·[eo

z−ez]/ra

∆+γ·(1+rc/ra)

Priestley–Taylor λEo = αpet· ∆
∆+γ ·(Hnet −G)

Hargreaves λE0 = 0.0023·H0·(Tmx − Tmn)
0.5·
(
Tav + 17.8

)
In which: λE is the latent heat flux density (MJ·m−2·d−1), λ is the latent heat of

vaporization (MJ·kg−1), E is the depth rate evaporation (mm·d−1), ∆ is the slope of the
saturation vapor pressure–temperature curve (de/dT) (kPa·◦C−1), Hnet is the net radiation
(MJ·m−2·d−1), G is the heat flux density to the ground (MJ·m−2·d−1), ρair is the air density
(kg·m−3), cp is the specific heat at constant pressure (MJ·kg−1·◦C−1), eo

z is the saturation
vapor pressure of air at height z (kPa), ez is the water vapor pressure of air at height
z (kPa), γ is the psychrometric constant (kPa·◦C−1), rc is the plant canopy resistance
(s·m−1), ra is the diffusion resistance of the air layer (aerodynamic resistance) (s·m−1), Eo
is the potential evapotranspiration (mm·d−1), αpet is a coefficient, H0 is the extraterrestrial
radiation (MJ·m−2·d−1), Tmx is the maximum air temperature for a given day (◦C), Tmn is
the minimum air temperature for a given day (◦C), and Tav is the mean air temperature for
a given day (◦C).

Evapotranspiration is associated with plant growth; in SWAT, the plant growth module
is a simplification of the “Environmental Policy Impact Climate” (EPIC) crop growth
module [29,30], which was developed to support soil erosion assessments of the impacts of
soil productivity on the soil, climate, and growing conditions of agricultural production
regions in the United States [31]. SWAT uses EPIC’s phenological plant development
concepts based on daily cumulative heat units. Thus, for plant growth, a certain thermal
accumulation is necessary, represented by the sum of the difference between the average
daily temperatures and the base temperature.
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In line with the research of Strauch and Volk [18], as a means to consider soil moisture
as a trigger for vegetation growth and not temperature, as considered in the default SWAT
simulation, the available water for the plant was used, and was simulated in the upper
layers of the soil, as a stimulus for new growth cycles. However, during the dry season,
soils, or at least their upper horizons, usually dry up to the wilting point. However, new
SWAT growing seasons should begin as soon as the simulated soil moisture effectively
increases after the dry season. Thus, to ensure that short periods of drought during the
rainy season or single rainfall events at the beginning of a dry season do not cause the
end/beginning of a growing season, two new parameters, TRAMO1 and TRAMO2, which
define the first and last month of a transition period, transition from the dry to the rainy
season. According to the equinoxes, the default values for TRAMO1 and TRAMO2 were
on 3 (March) and 4 (April) in the northern hemisphere and 8 (August) and 9 (September)
in the southern hemisphere, respectively. In addition, Strauch and Volk [1] performed
a modification in the rate of the leaf area index (LAI) decline using a logistic function
combining the sigmoidal increase in the ideal LAI curve with a similar sigmoidal decline
(for more information, see Strauch and Volk [18]).

In plant growth, the default SWAT program has the dormancy mechanism, a period
in which there is no plant growth. In SWAT, dormancy occurs when the length of the day
approaches the minimum for the year. Then, a fraction of the biomass is converted to
residue and the LAI is set to a plant-specific minimum value.

However, in its Arroio Junior [23] modification, it is considered that the LAI reduction
does not reflect the development cycle of plants from tropical and sub-tropical environ-
ments, and that the range of possible values of alteration by the default SWAT is not
adequate to represent the plant growth dynamics in tropical zones, since it still induces
a significant reduction in the LAI in the months of shorter photoperiod. From this per-
spective, Arroio Junior [23] modified the dormant.f subroutine, responsible for checking
the dormancy state of different types of plants. By making this modification in the plant
growth routines in the model’s source code, the dormancy mechanism was deactivated.

2.3. Model Data Inputs

Initially, the necessary database for the SWAT model simulation was structured. The
land use and land cover map (Figure 2D) elaborated by Nunes [32] was used. The pedology
map (Figure 2C) is based on the work of Reatto et al. [33]. Topographic, pedological and
land use and land cover similarities resulted in 467 HRUs (Figure 2E).

Precipitation data were collected in three rainfall gauging stations: (Figure 1) Cabeça
de Veado ETA (Estação de tratamento de água, which means water treatment plant), ETE
(Estação de tratamento de esgoto, which means wastewater treatment plant) Sul and
Área Alfa. The streamflow data used to calibrate the simulations were obtained from a
stage-streamflow gaging station (Figure 1).

A turbulent flow tower (Eddy Covariance, EC) is installed at a height of 12 m in a
pristine Cerrado area (Figure 2E), which provided meteorological data, such as temperature
(◦C), relative humidity (%), short-wave solar radiation (MJ·m−2·d), wind speed (ms−1),
solar radiation fluxes (MJ·m−2·d) and latent heat (LE, MJ·m−2·d), on a daily scale. The ratio
between LE and the latent heat of vaporization (λ = 2.5 MJ·kg−1) resulted in the observed
ET values and they were used for comparison with the simulated ET values.

2.4. Stream Flow Calibration

Simulations were performed with the SWAT model in the default mode in order
to test the available methods for determining potential evapotranspiration. In addition
to the standard methods provided by SWAT (Penman–Monteith, Priestley–Taylor and
Hargreaves), simulations were made using the codes modified by Strauch and Volk [1]
and Arroio Junior [23]. These modifications, adopted to improve the evapotranspiration
estimates, could be implemented in this work due to the open code of the SWAT model.
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The simulations were calibrated in terms of flow in daily mode, in the period from
2013 to 2015, and verification was also conducted in daily mode in the period from 2016
to 2017 with each of the five selected methodologies. With a 3-year warm-up period,
about 2000 simulation runs were executed for each evaluated method, using a Particle
Swarm Optimization algorithm, implemented in a code prepared by Távora [34]. The
parameters chosen for calibration were selected based on Sarmento [35], Ferrigo [36–39],
Arnold et al. [15], Salles [40], Strauch and Volk [18], Nunes [32] and Arroio Junior [23] (see
Table 2).

Table 2. Parameters used in calibration.

Parameters Description Range

ALPHA_BF Baseflow alpha factor (days) 0–1
ALPHA_BNK Baseflow alpha factor for bank storage (days) 0–1
CANMX Maximum canopy storage (mm H2O) 0–100
CH_K2 Effective hydraulic conductivity in main channel alluvium (mm/h) −0.01–500
CH_N2 Manning’s “n” value for the main channel −0.01–0.3
CN2 Initial SCS runoff curve number for moisture condition II 0.1–1.5 *
DEEPST Initial depth of water in the deep aquifer (mm H2O) 0–50,000
EPCO Plant uptake compensation factor 0–1
ESCO Soil evaporation compensation factor 0–1
GW_DELAY Groundwater delay time (days) 0–500
GW_REVAP Groundwater revap (water in the shallow aquifer returning to the root zone) coefficient. 0.02–2
GWHT Initial groundwater height (m). 0–25
GWQMN Threshold depth of water in the shallow aquifer required for return flow to occur (mm H2O) 0–5000
OV_N Manning’s “n” value for overland flow 0.01–30
RCHRG_DP Deep aquifer percolation fraction. 0–1

REVAPMN Threshold depth of water in the shallow aquifer for “revap” or percolation to the deep aquifer
to occur (mm H2O) 0–500

SHALLST Initial depth of water in the shallow aquifer (mm H2O) 0.05–24
SURLAG Surface runoff lag coefficient 0–50,000

* Calibration changed by multiplying factor.

The five methods have been independently calibrated and verified in terms of flow.
However, as the modified versions of Strauch and Volk [18] (SV) and Arroio Junior [23]
(AR) use Penman–Monteith (PM) as their PET method, we tried to apply the PM calibrated
parameters to these methods. Even so, for the SV and AR methods, independent cali-
brations were performed. With the simulations calibrated and verified in terms of flow
for all evaluated methods, the evapotranspiration analysis was performed by comparing
the simulated actual evapotranspiration data (ETsim) to the ET values obtained by Eddy
Covariance (EC) at the turbulent flow tower.

2.5. Model Performance Evaluation

Furthermore, to evaluate the fit between the simulated and observed flow data, both
in the calibration and in the validation step, graphical evaluation techniques were used,
through the plotted hydrographs, in addition to the coefficient values of Nash–Sutcliffe
Efficiency for the flow logarithm (Log NSE) (Equation (1)) and Trend Percentage (PBIAS)
(Equation (2)). To compare the results of actual evapotranspiration simulated by SWAT and
observed through EC, the following metrics were used: mean absolute error (MAE) in mm
per day (Equation (3)), mean square root of the error (RMSE) in mm per day (Equation (4))
and correlation coefficient (R) (Equation (5)).

Log NSE = 1− ∑ n
i=1 (LogVobs − LogVsim)2

∑ n
i=1 (LogVobs − LogVobs)

2 (1)

PBIAS =
∑ n

i=1(Vobs − Vsim)·100
∑ n

i=1 Vobs
(2)
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MAE =
∑n

i=1|(Vsim −VObs)|
n

(3)

RMSE =

√
∑n

i=1(Vsim −VObs)
2

n
(4)

R =
∑ n

i=1[
(
Vsim −Vsim

)(
VObs −VObs

)
]√

[∑ n
i=1
(
Vsim −Vsim

)2
][ ∑ n

i=1
(
VObs −VObs

)2
]

(5)

in which: Vobs is the observed variable, Vsim is the variable simulated by the model, Vobs
is the mean of the observed variable during the simulated period, Vsim is the mean of the
variable simulated by the model, VObs is the mean of the observed variable and n is the
number of events considered.

To reduce quadratic differences and sensitivity to extreme values, NSE is often cal-
culated with log values from observed and simulated data [41]. NSE is more influenced
by peak values, whereas the logarithm of the variable (Log NSE) reduces this influence
and emphasizes low values that occur in dry seasons. In the present study, as the focus
is on evapotranspiration, the errors that occurred in the maximum flow values are of less
interest because they occurred in events in which evapotranspiration had little influence.
The Trend Percentage (PBIAS) measures the average trend of the simulated data to be
higher or lower than the observed counterparts. The Mean Absolute Error (MAE) and Root
Mean Square Error (RMSE) are measures of model performance that summarize the mean
difference in the observed and simulated evapotranspiration data. Correlation coefficients
were used to measure how strong a relationship is between two observed and simulated
variables of evapotranspiration.

3. Results and Discussion
3.1. Model Calibration Strategies and Validation

Initially, calibration and verification, in terms of flow, were performed with daily time
steps using the Penman–Monteith (PM), Priestley–Taylor (PT) and Hargreaves (H) methods.
Statistical coefficients that were representative of model performance were considered for
flow simulation. Table 3 presents the metrics obtained for calibration and verification for
the PM, PT, and H methods. Good performance was achieved in the calibration process
with LogNSE ranging from 0.78 to 0.88.

Table 3. Calibration and Verification Statistical Metrics for the simulated PM, PT and H methods and
for the SV and AR modifications using the SWAT parameters obtained in the calibration for the PM
method and for SV and AR independently.

Methods
Calibration Verification

LogNSE PBIAS (%) LogNSE PBIAS (%)

Penman–Monteith 0.88 −8.00 0.78 17.80

Priestley–Taylor 0.87 −5.40 0.32 43.00

Hargreaves 0.78 −2.30 0.53 −13.80

Strauch and Volk [18] + PM parameters 0.81 4.10 0.59 23.60

Strauch and Volk [18] 0.89 −1.50 0.72 23.30

Arroio Junior [23] + PM parameters 0.55 28.90 0.33 51.00

Arroio Junior [23] 0.89 0.78 0.63 33.30

To evaluate the actual evapotranspiration simulated for the Cerrado at the HRU
level, optimal parameters obtained for the simulation with the PM method were adopted
(Figure 3A) for the modifications proposed by Strauch and Volk [18] (SV) and Arroio
Junior [23] (AR), without new parameter calibration, to verify if the modifications could
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improve the PM method’s simulations. Thus, the optimal set of PM parameters were used
in the modified algorithms of SV (Figure 3B) and AR (Figure 3C). In sequence, the SWAT
parameters for PM method with SV and AR modifications were independently calibrated
and the results are shown for the SV (Figure 4A) and AR (Figure 4B) modifications. Table 3
presents the statistical coefficients for these mentioned scenarios.

 

 

 

A 

B 

C 

Figure 3. Observed and simulated hydrographs in the calibration period (2013 to 2015) and the verification period (2016 to
2017): (A) PM method; (B) SV method with application of PM parameters; (C) AR method with application of PM parameters.
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Figure 4. Observed and simulated hydrographs in the calibration period (2013 to 2015) and the
verification period (2016 to 2017): (A) SV method; (B) AR method.
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The visual analysis of the graphs indicates that the simulations, in general, exhibited a
similar behavior between the observed and simulated hydrographs, following the base-
flows in both the rainy and dry seasons. However, there are peaks in the observed data
that were not correctly simulated, but this can be caused by the fact that it is an assessment
at a daily level, and the observed flow data are calculated at a momentary flood moment,
since the flows are measured from two daily readings of the stage.

It was noted that there was a slight deterioration in the recession period simulations
for the SV and AR modifications with the application of the PM parameters. It is verified
that the SV and AR modifications with the application of the PM parameters worsen the
results compared to the original PM method. This fact showed that the hypothesis that
improvements could occur with the modifications using the parameters calibrated for the
PM method was not confirmed. It is noticed that the LogNSE and PBIAS values are higher
for the independent calibrations with the SV and AR modifications, and it was, therefore,
decided to use the parameters obtained by these independent calibrations of each evaluated
methodology in order to proceed with the evaluation of the actual evapotranspiration
portion.

3.2. Actual Evapotranspiration

The comparison of actual evapotranspiration simulated in SWAT (ETsim) with ET
values obtained by EC (ETobs) (Table 4) was performed for the five methodologies evalu-
ated in this study. The analysis on a daily scale showed that, in general, there is similarity
between the values, the MAE of all methods have values of up to 1.05 mm, the RMSE
presented values between 1.16 mm and 1.45 mm, while R was the one that showed lower
results with values from 0.18 to 0.51. On a monthly scale, among the evaluated methodolo-
gies, the rainy season (October to April) was the one with the greatest discrepancy between
simulated and observed values. Regarding R, the AR and SV methods showed the worst
adherence. In addition to the analysis of statistical coefficients, to assess the behavior of
the ET, comparative graphs were plotted between the ETsim and monthly ETobs data for
all methodologies evaluated in the calibration period (Figure 5A) and verification period
(Figure 5B).

Table 4. Statistical coefficients obtained between actual evapotranspiration data obtained by EC and
data simulated with the SWAT model obtained using the evaluated methodologies.

Stat.
Coef. Seas. Period PM PT H SV AR

MAE
(mm)

Diary Calibration 0.77 1.05 0.94 1.04 1.02
Verification 1.01 1.03 1.02 0.89 0.89

Rainy Calibration 13.26 21.44 22.49 11.47 19.91
Verification 8.53 14.16 17.78 6.3 16

Dry Calibration 4.94 14.34 11.42 24.03 22.32
Verification 5.75 10.19 9.94 11.56 9.73

RMSE
(mm)

Diary Calibration 1.16 1.37 1.21 1.37 1.34
Verification 1.45 1.26 1.34 1.17 1.16

Rainy Calibration 16.76 28.4 23.3 16.14 21.8
Verification 11.97 19.2 22.25 9.41 18.63

Dry Calibration 8.51 15.48 15.79 33.44 28.32
Verification 8.25 10.66 13.89 14.63 12.25

R

Diary Calibration 0.46 0.47 0.5 0.19 0.18
Verification 0.38 0.48 0.51 0.34 0.33

Rainy Calibration 0.39 0.37 0.37 0.58 0.61
Verification 0.86 0.84 0.91 0.94 0.97

Dry Calibration 0.67 0.62 0.48 0.51 0.57
Verification 0.87 0.82 0.77 0.11 0.35
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verification period.

Among the PET methods investigated, Penman–Monteith was the most consistent
method, with ETsim showing good agreement with the observed values. The highest
similarity with ETobs was observed for the dry period. The Penman–Monteith method is
the most applied globally [42–46], but this method requires a large amount of input data,
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which is not always available on a daily basis and with all of the required meteorological
variables [3,21,47,48].

The Priestley–Taylor method, in general, led to underestimated values, despite sta-
tistically presenting adherence to the observed data; in monthly time steps, it is observed
that in the rainy season the PT method presents better adherence to the observed data in
comparison to the other methodologies. Vourlitis et al. [49] noted that the constant present
in the PT formula for the tropics does not represent the seasonal behavior of the PET data.
However, in the application of the SWAT model (Figure 5A,B) an underestimation was
obtained, but the method follows the observed data in terms of seasonality.

The use of the simplified potential evapotranspiration method, the Hargreaves method,
which has temperature as the only variable needed for simulation, allowed SWAT to
generate statistically similar results to more sophisticated methods [22,50,51]. Graphically,
on a monthly scale, the H method presents an overestimation of ETobs, mainly in the
rainy period. In the recession periods, on the other hand, the method led to simulations
more that were adherent to the ET values obtained by EC. This leads to the hypothesis of
Oudin et al. [21] that potential evapotranspiration approaches based on Penman, which
requires more variables to estimate evapotranspiration, seem less advantageous for feeding
rainfall–runoff models.

Strauch and Volk [18] compared the SWAT output data at the HRU level with the
average MODIS (NASA’s MODerate Resolution Imaging Spectro-radiometer) data for
ET in the Cerrado and found good agreement between the data. However, the authors
showed, by considering other works that contain MODIS data for ET in the Cerrado,
that the data may be underestimated during the dry season but stated that the seasonal
patterns were well reflected. In this research, it was noted that the ETsim values can well
represent the monthly and annual behavior of ETobs. However, in the dry season, they
present overestimates in some months. The SV method implemented a logistic function
that considers a minimum LAI that should be seen as a general improvement, regardless of
whether the study area is in the tropics or not. Furthermore, a sigmoidal (instead of linear)
decline in LAI can also be considered more realistic for annual plants.

Arroio Junior [23] developed a modified version of SWAT and applied it to watersheds
in the state of São Paulo that encompass agricultural areas. In this work, the method led to
an underestimation in the rainy period, and an overestimation in the dry period. In general,
compared to other methodologies, it presented a positive performance for the basin under
study, although it is also similar to the PM method, which can lead to questions about the
effort required for its application.

4. Conclusions

The SWAT model has been widely used to simulate agricultural areas. In this study,
we analyzed the actual evapotranspiration of a pristine Brazilian Cerrado vegetation biome,
comparing simulated values to the values estimated by turbulent flow EC tower data.

The calibration and verification, in terms of daily flows, using the five ET methods led
to fair performance. The actual evapotranspiration obtained by EC (ETobs) compared to
actual evapotranspiration simulated with SWAT (ETsim), using the PM, PT, H, SV and AR
methods, highlighted SWAT’s potential to represent the actual evapotranspiration, proving
that even with a calibration performed in terms of flow, the adjustment is adequate for
the actual evapotranspiration process when compared to observed data. The Penman–
Monteith and Hargreaves method led to better results for the dry season, and, for the
rainy season, they overestimated the ET in relation to the observed data. In general, it was
observed that all methods did not perform well for the rainy season.

The evaluation of the modifications proposed by Strauch and Volk [18], and by Arroio
Junior [23], showed that, for an area predominantly occupied by Cerrado, no improvement
in results was obtained in relation to the PM method. The modifications introduced
complexity without this being reflected in a better representation of the phenomenon,
as observed for the months in which the modifications are activated by the humidity
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conditions, in which the simulations showed divergent behavior from the observed values
and those simulated by the default SWAT methods.
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