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1 RESUMO

O presente estudo teve como objetivo avaliar o desempenho dos métodos de estimativa de
evapotranspiragao de referéncia na regido sul de Goias. Foram coletados dados meteoroldgicos
de cinco localidades no sul de Goias, as quais foram: Cataldo, Rio verde, Morrinhos, Jatai e
Itumbiara. Foram analisadas cinco equagdes: Turc, Hargreaves e Samani, Priestley & Taylor,
Camargo e Makkink, tomando como referéncia o método padrdo de Penman-Monteith-FAO.
Todos os dados coletados foram analisados em planilhas no Microsoft Excel®, onde as
comparagdes foram realizadas considerando o periodo anual e também a sazonalidade do
periodo seco e chuvoso. As comparagdes de desempenho diario dos métodos de ETo foram
realizadas por meio de andlise de correlagdo, por regressdo linear e indices estatisticos. O
melhor método analisado de acordo com os resultados obtidos na escala anual e no periodo seco
e chuvoso foi o de Turc apresentando desempenho 6timo para todas as localidades. Os piores
métodos foram os de Hargreaves e Samani e Camargo, os quais obtiveram desempenhos
igualmente péssimos em todos os parametros analisados. A partir destes resultados podemos
realizar as adequagdes nos métodos com desempenhos inferiores, podendo torné-los viaveis
para uso nas localidades estudadas.

Palavras-chave: agua, irrigagdo, Penman-Montheith, métodos.

RIZO, A. A. 1. E DA SILVA, C. J.
PERFORMANCE OF EVAPOTRANSPIRATION ESTIMATION METHODS OF
REFERENCE IN THE SOUTHERN GOIAS REGION

2 ABSTRACT

This study aimed to evaluate the performance of reference evapotranspiration estimation
methods in the southern region of Goids. Meteorological data were collected from five locations
in southern Goias, in which were Cataldo, Rio Verde, Morrinhos, Jatai and Itumbiara. Five
equations were analyzed: Turc, Hargreaves and Samani, Priestley & Taylor, Camargo and
Makkink using the standard Penman-Monteith-FAO method as a reference. All data collected
were analyzed in spreadsheets in Microsoft Excel®, where comparisons were made considering
the annual period and the seasonality of the dry and rainy period. Comparisons of daily
performance of ETo methods were performed through correlation analysis, linear regression

Recebido em 13/01/2021 e aprovado para publicagdo em 21/12/2021
DOIL: http://dx.doi.org/10.15809/irriga.2022v27n2p242-255


mailto:arielarizo@gmail.com
mailto:cicero.silva@ifgoiano.edu.br

Rizo e Silva 243

and statistical indexes. The best method analyzed according to the results obtained in the annual
scale and in the dry and rainy periods was that of Turc, presented an excellent performance for
all locations. The worst methods were those of Hargreaves and Samani and Camargo, which
obtained equally poor performances in all analyzed parameters. From these results, we can
make adjustments to the methods with lower performances and can make them viable for use

in the study locations.

Keywords: water, irrigation, Penman-Monteith, methods.

3 INTRODUCTION

When planning an irrigation project
that aims for optimal productivity through
efficient water utilization, it is crucial to
determine water consumption through
evapotranspiration estimates, allowing for
more precise irrigation at different stages of
plant development. Evapotranspiration
determines plant water consumption and,
consequently, the irrigation depth to be
applied (SILVA; FOLEGATTI, 2001;
COSTA et al,, 2018; OLIVEIRA; SILVA;
RAMOS, 2020).

Reference evapotranspiration (ETo)
is defined as the evapotranspiration rate for
a large surface with a uniform grass cover
height of 0.12 m, aerodynamic reference
surface height of 70 sm > albedo of 23%,
active growth of 0.08 to 0.12 m and no water
deficit (ALLEN et al., 1998). Owing to its
high accuracy and excellent results in a wide
range of climatic conditions, the Penman—
Monteith—-FAO method is considered the
standard  for  determining  reference
evapotranspiration  (ETo) because it
accurately replaces grass lysimeters in
determining ETo. However, the equation is
difficult to use because of the complexity of
the calculations and the requirement for
meteorological data, especially at the field
level for rural producers. The method uses
temperature (T), relative humidity (RH),
solar radiation (RS), and wind speed (V)
data in its estimate (MEDEIROS, 2002).

Over the years, several ETo
estimation methods have been developed.
This is due to the limitations of the

meteorological or climatic elements required
in the methods, their suitability for more
specific regions, and the pursuit of simplicity
and ease of use. Studies using statistical
techniques to compare ETo estimation
methods, evaluating those with the greatest
applicability in the study location, have
commonly been developed (LIMA et al.,
2019). However, the results vary greatly
among studies because each region has
different climatic characteristics, making it
difficult for wusers to decide on the
appropriateness of which method to adopt
(CRUZ et al., 2017). This fact corroborates
the information of Pereira et al. (2009), who
recommend that before applying a method to
a given location, it is necessary to verify its
performance and, when necessary, perform
calibrations to minimize estimation errors.
Among the best-known alternative
methods for calculating ETo, replacing the
Penman—Monteith-FAO standard method
(ALLEN et al., 1998), we can mention the
methods of Blaney and Criddle-1950
(ALLEN; PRUITT, 1986), Camargo (1971),
adapted by Camargo et al. (1999), Priestley
and Taylor (1972), Hargreaves and Samani
(1985), Makkink (1957) and Turc (1961),
among others. However, these methods were
developed under diverse climatic and crop
management conditions, requiring their
calibration for application in regions with
climates different from those in which they
were developed. Even annual seasonality
can influence the performance of these
equations, which is why an equation may
perform well in winter and poorly in summer
(MELLO et al., 2017). According to Pereira
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et al. (2009), ETo estimation methods that
employ the use of solar radiation perform
better than methods that use only air
temperature.

Thus, the objective of this work was
to evaluate the performance of simplified
empirical equations for estimating reference
evapotranspiration in the southern region of
Goias in relation to the standard Penman—
Monteith—FAO method.

4 MATERIAL AND METHODS

The research was carried out at the
Instituto  Federal Goiano — Campus
Morrinhos GO. The meteorological stations
selected for the present study were
Morrinhos (- 17°44'42 S, -49°06'06 S,
altitude of 751'06 W, altitude of 751
meters), Catalao (-18°9'17 S, -47°55'39
W, altitude of 901 meters), Itumbiara (-
18°24'35 'S, -49°11'31 W, altitude of 491

900

meters), Rio Verde (-17°47'7 S, -50°57' 53
”W, altitude of 780 meters) and Jatai (-
17°55"25 S, -51°43'03 "W, altitude of 670
meters), with a data series of at least 10 years
as selection criteria.

The data obtained contained
information on meteorological variables
such as precipitation (mm), relative

humidity (%), wind speed (ms "), maximum
and minimum temperature (°C), and global
solar radiation (MJ m “2), which were
obtained from the website of the Weather
Forecast and Climate Studies Center
(INFOCLIMA, 2019). The recorded data
were then accumulated into daily data via
pivot tables in Microsoft Excel®> and the
meteorological series were organized
individually by location in spreadsheets.

ETo) values were calculated via the
following equations:

Penman—Monteith method-FAO
(ALLEN et al., 1998) (Equations 01--07):
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where A is the slope of the vapor
pressure curve (kPa °C !); Rn is the net
radiation balance (MJ m 2 day '); G is the
ground heat flux (MJ m 2 day '), which is
negligible for long time intervals, > 1.0 days;
v is the psychrometric constant (kPa °C !);
T is the mean daily air temperature, a 2,0 mat
height (°C); U » is the wind speed a 2,0 mat
height (ms ); es is the vapor pressure deficit
(kPa); exp is the base of the natural
logarithm; e P 4m is the atmospheric pressure
(kPa) as a function of altitude in meters; e°

ETo=Q0L;ﬁ;ap&me«036Tmm)ND

b

where Qo is the extraterrestrial solar
radiation (MJ.m 2d !); Tmax is the
maximum daily temperature (0C); Tmin is
the minimum daily temperature (oC); and
ND is the number of days in the period.
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where ETo is the reference
evapotranspiration according to the Turc
method (mm day '); Tmed is the average air
temperature, in °C; RS is the global solar
radiation (MJ m 2 d 1); A is the latent heat of
vaporization (2.45 MJ mm !); RH is the
relative humidity (%); and at is the relative

stﬁo
T, J 0,0238846

(07)

(T) is the vapor saturation pressure (kPa) at
air temperature (°C); es is the arithmetic
mean of the vapor saturation pressures at the
maximum (Tmax) and minimum (Tmin) air
temperatures; and RH is the average relative
humidity (%).

The Camargo method (1971) (CM)
considers the effective temperature as
proposed by Camargo et al. (1999) -
(Equation 8):

(08)

Turc (1961) method (TC) (Equations
09 and 10):

(09)

(10)

humidity factor. If the relative humidity
(RH) is greater than or equal to 50%, at =
1.0; otherwise, it 1is calculated via
dimensionless equation (14):
Hargreaves and Samani
method (HS) — (Equation 11):

(1985)

ETo=a x Q, x (T+17.8Y x T —T.. (11)
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where ETo is the reference
evapotranspiration (mm d '); an empirical
parameter, with an original value of 0.0023;
Qo is the radiation at the top of the
atmosphere (MJ m 2d ); T is the average
temperature (0C); Tmax is the maximum
temperature (0C); Tmin is the minimum

(Rn -G)
2,45

Elo=aW.

W =0,407 +0,0145.T (For 0 “°< T < 16 °C)
W =0,483+0,01.T (For T > 16 °C)

where Priestley is the Taylor
parameter or coefficient; Rn is the net
radiation (MJ m 2 day !); G is the soil heat
flux (MJ m 2 day "'); W is the weighting
factor dependent on air temperature (T, in
°C); S is the tangent to the vapor pressure

ETo=0,61W.R, —0,12

w =(0392+3.10°.2)+0,01172.7 - 0,0001 T

where Rs is the total daily solar
radiation measured (MJ m 2 day ') and W is
the weighting factor (dimensionless), which
is calculated on the basis of the average
temperature of the period (Tm, 0C) and the
altitude of the location (m).

The ETo values for each method
were determined via the software reference
evapotranspiration calculator (REF-ET®, v.
4.1, free software), which wuses the
meteorological data required for each ETo
determination method. ETo estimation
methods not covered by the REF-ET
software, such as the method of Camargo et
al. (1999), were calculated via a spreadsheet
developed in Microsoft Excel® ™ this
purpose.

After calculating the ETo values
(mm day ') with each estimation method,

ISSN 1808-8546 (ONLINE) 1808-3765 (CD-ROM)

temperature (0C); and B is an exponential
empirical parameter, with an original value
of 0.5.

Priestley and Taylor (1972) — (PTy)
method (Equations 12 to 14):

(12)

(13)
(14)

saturation curve (kPa ° C *); and g is the
psychrometric constant (kPa o C ).

Makkink’s method (1957) — (MK)
(Equations 15 and 16):

(15)

(16)

they were organized in a Microsoft Excel®
spreadsheet. From then on, a comparative
analysis of the ETo determination methods
was performed, taking the ETo values
determined by Penman—Monteith—-FAO as a
standard or reference for comparison. The
comparisons were made considering the
annual period and the seasonality of the dry
period (May--October) and rainy period
(November--April). The daily performance
comparisons of the ETo methods were
performed through correlation analysis via
linear regression and statistical indices, such
as Willmott's concordance index
(WILLMOTT et al., 1985), "d" (Equation
17), Pearson's correlation coefficient, "r"
(Equation 18), and confidence or
performance coefficient, "c¢" (CAMARGO;
SENTELHAS, 1997) (Equation 19).
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i(Pi — 0i)?
i=1

é[(m ~0)+ (01 - OHZ

where d is the agreement or
adjustment index; Pi is the reference
evapotranspiration obtained via the state
method (mm.day '); Oi is the reference
evapotranspiration obtained via the standard
method (Penman - Monteith -FAO)
(mmday -1); O is the average of the ETo values
obtained via the standard method (Penman -
Monteith -FAO) (mm.day '); and n is the
number of observations.

d=1-

(17)

n

> (= x)—v)

i=1

\/i(X,- - X, ) .\/i(yi ~ V)

i=1 i=l1 (1 8)

=

where r is Pearson's correlation
coefficient; X ; is the reference
evapotranspiration obtained via the method
considered (mm.day '); X m is the average
reference evapotranspiration obtained via
the method considered (mm.day *'); y iis the
reference evapotranspiration obtained via
the standard method (Penman - Monteith -
FAO) (mm.day '); and y m is the average
reference evapotranspiration obtained via

the standard method (Penman - Monteith -
FAO) (mm.day ).

c=rd (19)

where ¢ is the confidence or
performance coefficient, r is Pearson's
correlation coefficient, and d is Willmott's
concordance index.

The “¢” index of Camargo and
Sentelhas (1997) varies from 0 to 1.0 for the
performance of the ETo determination
method. When “¢” >0.85, excellent
performance; 0.76 to 0.85, very good; 0.66
to 0.75, good; 0.61 to 0.65, average; 0.51 to
0.60, poor; 0.41 to 0.50, bad; and <0.40,
terrible.

Through these analyses, potential
performance equations were defined for
annual periods and winter and summer
periods compared with the standard
Penman—Monteith-FAO method for the
southern region of Goias.

S RESULTS AND DISCUSSION

The ETo values ranged from 3.15 to
591 mm.d " indicating performances
between Poor and Excellent. In general, the
Camargo, Makkink and Turc equations
underestimate the ETo values compared
with the standard method, whereas
Hargreaves and Samani and Priestley-Taylor
overestimate them (Table 01).
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Table 1. Statistical analyses comparing evapotranspiration estimation methods with the
standard Penman method Montheith (PM) FAO in five municipalities in the southern

region of Goids on an annual scale.

Municipalities Methods r d w Performance ETo (I)nm.d
PM FAO - - - 4.03
Hargreaves 0.57 0.58 0.33 Terrible 5.40
Priestley &
Catalan Taylor 0.87 090 0.78 Very good 4.52
Camargo 0.36 0.69 0.25 Terrible 3.53
Makkink 093 084 0.79 Very good 3.29
Turkish 093 097 092 Excellent 3.91
PM FAO - - - 4.12
Hargreaves 0.52 0.54 0.28 Terrible 5.81
Priestley &
Itumbiara Taylor 0.81 0.90 0.73 Good 4.60
Camargo 041 075 0.3l Terrible 3.75
Makkink 0.89 082 0.73 Good 3.32
Turkish 091 097 0.88 Excellent 4.01
PM FAO - - - 3.88
Hargreaves 0.51 054 028 Terrible 5.91
Priestley &
Jatai Taylor 0.82 089 0.73 Good 4.38
Camargo 0.46 0.81 0.37 Terrible 3.78
Makkink 0.89 082 0.74 Good 3.15
Turkish 0.89 0.97 0.88 Excellent 3.79
PM FAO - - - 4.06
Hargreaves 049 053 0.26 Terrible 5.68
Priestley &
Hills Taylor 0.83 0.89 0.73 Good 4.56
Camargo 040 0.74 0.29 Terrible 3.68
Makkink 0.90 0.83 0.75 Good 3.31
Turkish 091 097 0.89 Excellent 3.95
PM FAO - - - 4.03
Hargreaves 048 044 0.21 Terrible 5.75
Priestley &
Green river Taylor 0.80 0.88 0.70 Good 4.40
Camargo 0.36 0.76  0.27 Terrible 3.71
Makkink 0.88 083 0.73 Good 3.16
Turkish 090 097 0.87 Excellent 3.81

Willmott's concordance index; ¢ - Confidence coefficient; ETo - Reference evapotranspiration

The method that demonstrated the
best performance on an annual scale was
Turc, regardless of the municipality where it
was tested, with its "c" indices having a

minimum value of 0.87, classified as
excellent. The level of agreement "d" was
excellent (d = 0.97), and Pearson's

n.n

correlation coefficient, "r", ranged from

Irriga, Edi¢do — Centro-oeste, Botucatu, v. 27, n. 2, p. 242-255, abril-junho, 2022



Rizo e Silva 249

0.90--0.93, in addition to presenting a low
value of ETo underestimation in relation to
the standard method, which ranged from
0.09--0.22 mm d ! (Table 01).

With satisfactory performance, the
Makkink and Priestley—Taylor methods
were classified as very good in the
municipality of Cataldao and good for the
other municipalities. Both methods obtained
a strong correlation index "d," ranging from
0.82 to 0.90 (Table 1).

The Hargreaves and Samani and
Camargo ETo estimation methods proved to
be inefficient at an annual scale, presenting
poor performance at all the tested locations,
verifying that the “c” index did not exceed
0.37. Compared with the standard Penman—

Monteith-FAO method, the Hargreaves
method overestimated the ETo values by an
average of 1.68 mm.d. ' 42%), and the
Camargo method underestimated the ETo
values by an average of 0.334 mm.d. "' &%
(Table 01).

For the estimation methods for the
seasonality of the winter and summer
periods, a very large variation was observed
between the methods in the rainy season,
where the average ETo varied between 3.31
and 5.56 mm.d !, and in the dry season,
where it varied even greater than 2.97 to 6.28
mm.d ! (Table 2). This shows the variation
between one method and another depending
on the location where it is tested.
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Table 2. Statistical analyses comparing evapotranspiration methods in the rainy and dry seasons
using the standard Penman method as a reference. Monteith FAO.

Rainy season Dry period
Municipalities M r d w ET Desem . r d w  Eto Desem.
PM - - - 4.04 - - - - 4.01
HG 0.74 0.66 0.49 5.19 Bad 0.51 0.51 0.26 5.61 Terrible
Catalan PTy 0.98 0.88 0.86 4.79 Excellent 0.87 0.94 0.83 4.26 Very good
CM 0.46 0.73 0.34 3.89 Terrible 0.52 0.67 0.35 3.16 Terrible
Mk 0.99 091 0.89 3.43 Excellent 0.92 0.78 0.71 3.14 Good
Turkish 0.99 0.99 098 4.06 Excellent 091 0.96 0.88 3.76 Excellent
PM - - - 4.17 - - - - 4.08
HG 0.66 0.60 0.40 5.56 Terrible 0.53 0.47 0.25 6.06 Terrible
Fturnbi PTy 0.97 0.87 0.84 4.95 Very good 0.82 0.94 0.76 4.26 Very good
HIPEE oM 048 0.76 0.36 4.13 Bad 0.55 0.75 0.41 3.37 Terrible
Mk 0.98 0.89 0.87 3.52 Excellent 0.87 0.77 0.67 3.13 Good
Turkish 0.98 0.99 0.97 4.21 Excellent 0.89 0.95 0.84 3.80 Very good
PM - - - 3.96 - - - - 3.81
HG 0.64 0.54 0.35 5.54 Terrible 0.51 0.36 0.18 6.28 Terrible
Jatad PTy 0.97 0.85 0.83 4.72 Very good 0.81 0.93 0.75 4.05 Good
CM 0.48 0.77 0.37 4.10 Bad 0.56 0.84 0.47 3.47 Terrible
Mk 0.98 0.88 0.87 3.34 Excellent 0.86 0.80 0.69 2.97 Good
Turkish 0.99 0.99 0.97 3.99 Excellent 0.88 0.96 0.84 3.59 Very good
PM - - - 4.09 - - - - 4.03
HG 0.67 0.61 0.41 5.40 Bad 0.50 0.46 0.23 5.95 Terrible
Hills PTy 0.97 0.86 0.84 4.87 Very good 0.82 0.93 0.76 4.26 Very good
CM 0.49 0.75 0.37 4.03 Bad 0.53 0.73 0.39 3.34 Terrible
Mk 0.98 0.90 0.88 3.48 Excellent 0.88 0.77 0.67 3.14 Good
Turkish 0.98 0.99 0.98 4.13 Excellent 0.89 0.95 0.85 3.78 Very good
PM - - - 4.03 - - - - 4.03
HG 0.61 0.52 0.32 5.44 Terrible 0.52 0.40 0.21 6.06 Terrible
Green River PTy 0.97 0.84 0.82 4.68 Very good 0.79 0.92 0.73 4.12 Good
CM 0.42 0.74 0.31 4.03 Bad 0.48 0.77 0.37 3.39 Terrible
Mk 0.98 0.89 0.87 3.31 Excellent 0.84 0.77 0.65 3.02 Median
Turkish 0.98 0.99 0.97 3.95 Excellent 0.87 0.95 0.82 3.67 Very good

** M — Methods; r — Pearson's correlation coefficient; d — Willmott's concordance index; ¢ — Confidence
coefficient; ETo — Reference evapotranspiration, Desem. — Performance; PTy - Priestley & Taylor; HG —
Hargreaves; CM — Camargo; Mk — Makkink; PM - Penman Monteith FAO

In general, all methods performed
best during the rainy season. The Turc and
Makkink methods performed optimally at all
locations where they were tested, with
confidence coefficients or performance "c"
values ranging from 0.87--0.98 (Table 2).
The Makkink method, in particular,
performed better during the rainy season

than during the annual period. The Priestley

& Taylor method performed well during the
rainy season, with confidence indices
ranging from good to very good. The
Camargo, Hargreaves, and Samani
equations performed poorly during the rainy
season and were classified as poor to very
poor, regardless of the municipality (Table
2).
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In the dry season, the tested methods
generally performed worse than the standard
Penman—Monteith-FAO  method  did,
regardless of the municipality where they
were tested. During the dry season, the Turc
method also outperformed the standard
Penman—Monteith-FAO method,
performing excellently (Cataldao) to very
well in the other locations. The Priestley &
Taylor equation also proved stable during
the dry season, regardless of the location
tested, with its confidence index ranging
from very good to good. During the dry
season, the Makkink method performed well
in all locations where it was tested, except in
Rio Verde, where it performed moderately.
The Camargo—Hargreaves and Samani
equations performed poorly during the dry
season, ranking them as poor to very poor,
regardless of the municipality (Table 2).

The Priestley & Taylor and Turc
methods proved to be quite stable regardless
of the time of year they were tested, with
little variation in the mean ETo values and
confidence interval "c" compared with the
standard method. The Hargreaves and
Samani methods, on the other hand,
overestimate the ETo values, regardless of
the time of year and location of testing,
compared with the standard Penman—
Monteith—FAO method.

The fact that the Turc model takes
into account radiation, temperature, and
photoperiod  values  promotes  good
performance. Similar results were obtained
in Rio Verde, Goiés, and Chapadao do Sul,
Mato Grosso do Sul, with excellent and very
good performance, respectively (CRUZ et
al., 2017; CUNHA; MAGALHAES;
CASTRO, 2013). A study by Lima et al.
(2019) concluded that in all Brazilian
climates, the Turc method tends to remain
unstable throughout the year and is
considered the best method, in agreement
with the results obtained in the present study.

The performance variation between
the dry and rainy seasons presented by the
Makkink method certainly occurred because

of its development origin in the Netherlands,
where the climate is unstable with variations
over short periods (MAKKINK, 1957). This
fact corroborates the information of Silva et
al. (2018), who state that for better method
performance, the equation coefficients
should be adjusted according to the location.
Similar results to those of this work were
described by Melo and Fernandes (2012) in
Uberaba, MG, where the Makkink method
underestimates the ETo compared with the
standard method in any period of the year
but presents the best performance index,
classified as "good".

The stable performance presented by
the Priestley—Taylor method in this work is
consistent with those observed by Silva et al.
(2011) in Uberlandia, MG, who obtained a
performance index classified as "Excellent",
a fact that, according to the authors, occurred
because this method resembles the Penman—
Monteith—-FAO method. However, the
results differ from those of the studies
carried out in Jatai - GO by Cruz et al.
(2017), in which the method was considered
the worst among those studied, with its
performance classified as "poor".

The poor performance of the
Hargreaves and Samani methods in this
work 1s certainly due to their origin in
California, where the climate is semiarid
with little rainfall and a warmer climate than
in the present study, which may have
influenced  their  poor  performance
(HARGREAVES; SAMANI, 1985). Similar
results were obtained in Jatai by Fernandes
et al. (2012), in which the method
overestimated ETo values and obtained
unsatisfactory performance. This fact
corroborates the results reported by Rigone
et al. (2013) in Aquidauana, Mato Grosso do
Sul, where the authors reported that the
Hargreaves and Samani method was
unsatisfactory and was not recommended for
the regions studied, as it overestimated the
ETo values. Oliveira et al. (2007) obtained
similar results in Goiania and reported that
the method tends to overestimate ETo values
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at any time of year. However, the results
obtained in Uberaba by Alencar et al. (2011)
demonstrated that the method is close to the
standard method in the rainy and dry seasons
and is classified as the best method.
Divergent results were also found in studies
carried out in Uberaba, MG, by Melo and
Fernandes (2012), who reported that the
method underestimates ETo values in
relation to the standard method.

The Camargo method was developed
on the basis of hundreds of locations;
however, it performed poorly in this study.
These results corroborate those of studies
(OLIVEIRA et al., 2013; OLIVEIRA et al.,
2015; FIETZ; SILVA; URCHEI, 2005) in
Aquidauana and Dourados, Mato Grosso do
Sul, and Rio Paranauba, Minas Gerais,
respectively. In these studies, the method
underestimated the ETo values. However,
discordant results were reported in
Jacupiranga, Sdo Paulo, where the Camargo
method performed better than the standard
method (BORGES; MEDIONDO, 2007).

When all methods are analyzed,
considering the periods of the year, the
results obtained in Aquidauana, MS,
coincide with those of the present study,
except for the Camargo method (RIGONE et
al., 2013).

The results obtained in this research
corroborate the observations of Pereira, Vila
Nova and Sedyiama (1997), who state that
empirical methods for estimating ETo,
owing to their simplicity and ease of
application, should not be discarded, as they
are often the only methods with potential for
use.

6 CONCLUSIONS

The best method analyzed on an
annual scale was Turc, which performed
excellently for all locations. The worst
methods were Hargreaves, Samani and
Camargo, which performed equally poorly.

During the rainy season, the methods
that stood out for their efficiency were
Makkink and Turc, which maintained
optimal performance across all locations.
During the dry season, only Turc's method
demonstrated excellent results. In both the
rainy and dry seasons, the worst methods
were those of Hargreaves and Samani and
Camargo.

In general, the method was
implemented in the studied locations
considering the conditions of the annual
period and the rainy and dry periods. The
Turc method stands out from the other
methods because it is optimal under any
condition.

The methods of Priestley and Taylor
and Makkink demonstrated average results;
with possible calibration, they have the
capacity to become excellent methods for
the locations studied.
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