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Abstract 

The water management in irrigated agriculture begins determining the need of water for the culture. Therefore, it 
was intended to evaluate the performance of the models of estimation reference of evapotranspiration (ETo) with 
regard to the method Penman-Monteith (PM), standard method, for Brazilian Cerrado Region (tropical 
grassland/savannah). The climate elements were obtained from the conventional weather station of Rio Verde 
from January/1972 to December/2016. It was compared the performance of the daily average ETo, during the dry, 
rainy and annual periods, by the PM method with regard to another 26 methods. Through the coefficient of 
determination, it was verified the methods of Turc (T) and Radiation-Temperature (RT) approached more to the 
PM, at any time of the year, being able to replace the standard method. The ETo average in the annual period 
was 3.8 mm day-1, for the dry period due to the smallest amount of solar radiation, the period submitted lower 
levels of ETo. The other models in which were used fewer amounts of climate data, they overestimated or 
underestimated the PM model by up to 57.9% and 60.7% respectively. With the management of water in 
agriculture, water availability can be increased in the hydric bodies, characterizing it as a tool for water 
management with the rational use of water resources. 

Keywords: water balance, water requirement, irrigation, penman-monteith 

1. Introduction 

The use of irrigation in regions where rainfall does not meet or partially meets the water requirement of crops is 
one strategy to promote food production and the controlled expansion of arable land (Hallal et al., 2013). 

Water management in agriculture involves determining the water requirement of the crops (Caporusso & Rolim, 
2015; Melo et al., 2013); it is the most relevant variable in the hydrological cycle (Oliveira et al., 2017) and the 
primary component of water balance. Furthermore, water management strategies need to be included in projects 
of management of irrigation systems and river basins, and small errors can compromise the water resources of 
specific regions (Cunha et al., 2017). 

Many of the water users in agricultural areas do not know how to make rational use of this resource. The correct 
estimation of reference evapotranspiration (ETo) becomes indispensable to determine the amount of water 
needed to be added to the soil for irrigation control (Lozano et al., 2017; Lacerda & Turco, 2015), optimizing the 
use of water resources, electrical energy, and equipment. Therefore, it is necessary to evaluate the effectiveness 
of different water management methods, which may present errors due to meteorological variations in each 
region (Landeras et al., 2018; Hallal et al., 2013; Sales, 2008). 

ETo is a key component of the hydrological cycle, determining it in a correct way is essential to generate 
scientific information, including hydrology, management of water resources, numerical models of simulation, 
climatology, agricultural management, eco-hydrology and Biodiversity (Córdova et al., 2015).  

Zhao et al. (2013) affirmed evapotranspiration plays a key role in the water balance, according to statistical data 
the evapotranspiration of humid areas is responsible for 50% of the annual precipitation, while in the semi-arid 
regions it is responsible for 90%. 

The standard method for estimating ETo is the Penman-Monteith (PM) method, proposed by Allen et al. (1998). 
This model is used worldwide and does not require local calibration and certification. Furthermore, the obtained 
results are accurate (Fernandes et al., 2012). Carvalho et al. (2015) reported that the main disadvantage of the 
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PM method is the large number of meteorological variables required for its application, and many weather 
stations do not have the necessary sensors to measure all variables.  

Because of the large number of regions without meteorological data, the use of models of estimation of ETo that 
require few meteorological elements is essential (Caporusso & Rolim, 2015; Moura et al., 2013). 

Cavalcante et al. (2011) argue that other methods that require fewer weather elements can be used accurately 
provided these methods are compared with historical data. 

Almorox et al. (2018), compared in his study two methods of ETo, temperature equation of Penman-Monteith 
(PMT) using only data of maximum and minimum temperatures and the Hargreaves-Samani equation, 
evaluating both of them comparing the quality of the PMT method to different climates, calculated on a monthly 
time scale, they observed that the PMT equation produced better results, especially in tropical climates.  

The characterization of the water demand related to the weather is important for the expansion of the irrigation in 
farmlands in Brazilian Cerrado Regions. Studies held in this region it was observed that the best methods for 
estimation of evapotranspiration were ASCE Penman-Monteith, Penman (1948/1963) and Blaney-Criddle, 
recommended for Cerrado in rainy or dry areas (Gotardo et al., 2016).  

Therefore, this work evaluated estimation models of reference evapotranspiration with the regard to the method 
of Penman-Monteith (FAO Standard) for the municipality of Rio Verde, Goiás, Brazil, observing the efficiency 
of the use of water in areas with shortage of equipment of measurement of meteorological elements.  

Other methods that estimate the ETo in Rio Verde need to be evaluated because this region has a significant 
economic importance related to agriculture and livestock, which require large amounts of water. The 
municipality of Rio Verde is the largest grain producer in the state of Goiás, with a yield of approximately 1.2 
million tons per year and is responsible for 1.2% of the national grain production.  

Therefore, this work evaluated estimation models of reference evapotranspiration with the regard to the method 
of Penman-Monteith (FAO Standard) observing the efficiency of the use of water in areas with shortage of 
equipment of measurement of meteorological elements.  

2. Material and Methods 

2.1 Study Sites 

The municipality of Rio Verde is located in the southwest region of the state of Goiás, at the coordinates 
17°47′33″ S and 50°55′10″ W, with a geographical area of 8,379,661 km².The relief is slightly undulating, with a 
slope of 5% and altitudes from 600 to 860 m, except for some hills with higher altitudes. The predominant soil is 
Red Latosol and Red Yellow Latosol (Acqua et al., 2013). The biomes include Cerrado sensu stricto (savannas) 
and semi-deciduous seasonal forest (Rocha et al., 2014).  

2.2 Weather Data 

The meteorological data were obtained from the National Institute of Meteorology (INMET) of the Conventional 
Meteorological Station of Rio Verde (WMO: 83470) in collaboration with the University of Rio Verde (UniRV) 
located at the latitude 17°47′07″ S, longitude 50°57′53″ W, with an altitude of 774.62 m.  

Meteorological data were collected daily from January, 1972, to December, 2016, with the exception of the years 
1975, 1978, 1979, and 1991 to 1996, which were not accounted for because of data unavailability, thus 
comprising a total of 36 years. The evaluated climatic elements were minimum air temperature (Tmin), 
maximum air temperature (Tmax), mean relative humidity (RH) of the air, wind velocity (WV), solar brightness 
(SB), and precipitation (P), and the latter variable was used for determining the climatological water balance 
(CWB). 

The daily mean Tmin, Tmax, RH and WV at a height of 10 m. Solar radiation (SR) was estimated according to 
Allen et al. (1998) (Equation 1). 

SR = 0.25 + ቂ0.5 ቀn

N
ቁ ·Raቃ                              (1) 

where, SR is solar radiation (MJ m-2 d-1); n is solar brightness (h); N is insolation (h), and Ra is extraterrestrial 
radiation (MJ m-2 d-1).  

The estimated daily ETo values were calculated in Microsoft Excel using the standard Penman-Monteith model 
as a reference (Allen et al., 1998) (Equation 2). 
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ETo = 
0.408·Δ ൫Rn	– G൯	+ γ·

900ሺTmean + 273ሻ·U2·(℮s – ℮a)

Δ + γ·(1 + 0.34·U2)
                          (2) 

where, Rn = Surface radiation balance (MJ m-2 d-1); G = soil heat flow (MJ m-2 d-1); Tmean = Mean air 
temperature (°C); U2 = Wind speed at a height of 2 m (m s-1); ℮s = Mean vapor saturation pressure (kPa); ℮a = 
Current vapor pressure (kPa); Δ = Declination of the saturation pressure curve (kPa °C-1); γ = Psychometric 
constant (kPa °C-1). 

The methods used in the study (Table 1) were: Hargreaves (Hg), Priestley-Taylor (PT), Linacre (Ln), 
Jensen-Haise (JH), Makkink (M), Romanenko (R), Hansen (Hs), Hamon (Hm), Blaney-Criddle (BC), 
Benevides-Lopez (BL), Caprio (Cp), Turc (T), Camargo (Cm), Budyko (B), Tanner-Pelton (TP), 
Stephens-Stewart (SS), Radiation-Temperature (RT), Net Radiation (NR), Global Radiation (GR), Hicks-Hess 
(HH), Lungeon (Lg), McGuiness-Bordne (MB), Kharrufa (K), Blaney-Morin (BM), Ivanov (I) e FAO Radiation 
(FR). 
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Table 1. Equations for the proposed methods of estimation of reference evapotranspiration in Rio Verde, Goiás, 
Brazil 

Method Equation Reference 

Hg ETo = 0.0023·ሺTmean +	17.8ሻ·(Tmax – Tmin)
0.5

·Rae  Sousa et al. (2010) 

PT ETo	= α·w·(Rn	– G)

λ
  Sousa et al. (2010) 

Ln ETo	= 700·
(Tmean	+	0.006Z)

(100	– ϕ)
 + 15·(Tmean – To)

80 – Tmean
  Sales (2008) 

JH ETo	= Rse·(0.025·Tmean + 0.08)  Sousa et al. (2010) 

M ETo	= Rse· ቀ ∆

Δ +	γቁ 	+	0.12  Sousa et al. (2010) 

R ETo	= 4.5· ቀ1	+	 Tmean

25
ቁ2

· ቀ1 – 
ea

es
ቁ  Tanaka et al. (2016). 

Hs ETo	= 0.7· ቀ ∆

Δ +	γቁ · ቀRse

λ
ቁ  Tanaka et al. (2016). 

Hm ETo	= 0.55· ቀN

12
ቁ2

· ቀ4.95· e0.062·Tmean

100
ቁ ·25.4  Cavalcante et al. (2011) 

BC ETo	= 0.75·ሺ0.457·Tmean + 8.13ሻ·p  Cunha et al. (2013) 

BL ETo	= 1.21	× 10
൬ 7.45 – Tmean

243.7	+	Tmean
൰
·൫1 – 0.01·UR൯ + 0.21·Tmean – 2.3  Cavalcante et al. (2011) 

Cp ETo	= ቂ6.1

106  ·Rs'·(1.8 + Tmean + 1.0)ቃ  Tanaka et al. (2016). 

T 

For RU < 50% 

ETo = 0.013· ቂ Tmean

Tmean + 15
ቃ ·ሺSRe·58.5 + 50ሻ· ቀ1 +

50	– RU

70
ቁ  

For RU ≥50%  

ETo = 0.013· ቂ Tmean

Tmean + 15
ቃ ·ሺSRe·58.5 + 50ሻ  

Xu (2002) 

Cm ETo = 0.01·Rae·Tmean  Cunha et al. (2013) 

B ETo = 0.2·Tmean  Budyko (1956) 

TP ETo = 0.457·Rns – 0.11  Cunha et al. (2013) 

SS ETo = 0.4047·SR·ሾሺ0.01476·Tmeanሻ + 0.0724ሿ  Cunha et al. (2013) 

RT ETo =
1

λ
· ቀSR·Tmax

56
ቁ  Cunha et al. (2013) 

NR ETo = 0.86·
Rns

λ
  Cunha et al. (2013) 

GR ETo = 0.9 + 0.115·SR  Cunha et al. (2013) 

HH ETo =
1

λ
· ቀ ∆

0.90·Δ + 0.63·γ
ቁ ·Rns  Cunha et al. (2013) 

Lg ETo = 0.2985·൫es – ea൯· ቀ273 + Tmean

273
ቁ · ቀ 760

P – es
ቁ  Cunha et al. (2013) 

MB ETo = ቀRa

λ
ቁ · ቀTmean + 5

68
ቁ  Cunha et al. (2013) 

K ETo = 0.34·p·(Tmean)1.3   Cunha et al. (2013) 

BM ETo = p·ሺ0.457·Tmean + 8.13ሻ·(1.14 – 0.01·RU)  Cunha et al. (2013) 

I ETo = 0.006·ሺ25 + Tmeanሻ2· ቀ1 – 
RU

100
ቁ  Cunha et al. (2013) 

RF ETo = -0.3 + 0.75· ቀ ∆

Δ + γ
·SReቁ  Cunha et al. (2013) 

Note. Tmean = Mean air temperature (°C); Tmax = maximum temperature (° C); Tmin = minimum temperature 
(°C); Rae = extraterrestrial radiation (mm d-1); α = Priestley and Taylor parameter; w = weighting factor; Rn = 
surface radiation balance (MJ m-2 d-1); G = soil heat flow (MJ m-2 d-1); λ = latent heat of water evaporation (MJ 
Kg-1); Z = altitude (m); To = dew point temperature (°C); φ = latitude (º); SRe = global solar radiation (mm d-1); 
Δ = declination of the saturation pressure curve (kPa ºC-1); γ = psychometric constant (kPa ºC-1); a = saturation 
pressure at dew point (KPa); es = mean vapor saturation pressure (KPa); N = insolation (h); p = percentage of 
hours of daily sunshine relative to the total hours of sunshine per year (%); RH = relative air humidity (%); SR’ = 
global solar radiation (KJ m-2 d-1); Rns = radiation balance (MJ m-2 d-1); p = atmospheric pressure (KPa); Ra = 
extraterrestrial radiation (MJ m-2 d-1). 
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2.3 Statistical Analysis 

The methods of estimation of ETo were compared in three periods: annual period, dry season, and rainy season, 
according to the CWB. Statistical performance was assessed using the Pearson correlation coefficient (r) to 
determine the degree of accuracy. Accuracy was determined using the Willmott index (d) according to Carvalho 
et al. (2015) and the performance index “c” proposed by Camargo and Sentelhas (1997). 

Standard error estimates (SEEs) were used to evaluate the accuracy of the estimates, and the comparative 
analysis was based on linear regression and coefficient of determination (R²) between the standard method and 
the methods that presented performance indexes ≥ 0.70 (Table 2) and SEEs ≤ 0.7 mm d-1, in which the 
independent variable was the ETo measured using the PM method and the dependent variable was the ETo 
measured using the other methods.  

 

Table 2. Criterion of interpretation of the confidence index “c” of the methods of estimation of reference 
evapotranspiration using the Penman-Monteith method as a reference 

I 
Performance index 

Excellent Very good Good Moderate Fair Poor Very poor 

c > 0.85 0.76-0.85 0.66-0.75 0.61-0.65 0.51-0.60 0.41-0.50 ≤ 0.40 

Note. I = Index; c = performance index.  

Source: Camargo and Sentelhas (1997). 

 

3. Results and Discussion 

3.1 Reference Evapotranspiration in the Annual Period 

The estimation of ETo using the PM method presented a mean of 3.8 mm d-1, with the lowest value in June (2.9 
mm d-1) and the highest value in September and October (4.5 mm d-1) (Table 3). The TP and MB methods ad the 
highest mean (6.0 mm d-1) where as the Hs method presented the lowest mean (1.5 mm d-1). The T and RT 
models presented mean ETo values similar to those of the PM method, and SEE was 0.5 and 0.6 mm d-1, 
respectively. Therefore, the T and RT models overestimated the ETo from March to July and from February to 
July respectively, and underestimated the ETo from August to December and from September to December, 
respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 18; 2019 

68 

Table 3. Mean daily reference evapotranspiration (mm) in Rio Verde, Goiás, Brazil, using different methods 

Methods 
Months Ẍ UE (%) OE (%) SEE

J F M A M J J A S O N D 

PM 3.8 4.0 3.7 3.6 3.1 2.9 3.3 4.1 4.5 4.5 4.1 3.5 3.8 - - - 
Hg 5.0 5.0 4.7 4.2 3.6 3.4 3.7 4.5 5.2 5.4 5.2 5.1 4.6 - 20.1 0.8 
PT 4.5 4.7 4.4 4.0 3.2 2.8 2.9 3.4 3.9 4.5 4.6 4.1 3.9 - 3.0 0.7 
Ln 4.4 4.5 4.5 4.5 4.3 4.4 4.5 4.9 5.1 4.9 4.5 4.4 4.6 - 20.6 0.5 
JH 5.0 5.3 5.0 4.9 4.1 3.8 4.1 4.8 5.0 5.4 5.2 4.4 4.8 - 25.1 0.8 
M 5.5 5.9 5.6 5.5 4.9 4.6 4.8 5.4 5.5 5.9 5.7 4.9 5.3 - 40.5 0.8 
R 3.6 3.9 3.9 4.8 5.2 6.0 7.3 9.0 5.6 6.7 4.5 3.7 5.6 - 47.3 2.4 
Hs 1.5 1.7 1.6 1.5 1.4 1.3 1.4 1.5 1.5 1.7 1.6 1.4 1.5 60.7 - 0.2 
Hm 3.7 3.5 3.2 2.9 2.4 2.2 2.2 2.7 3.2 3.6 3.6 3.7 3.1 19.5 - 0.6 
BC 4.3 4.2 4.0 3.8 3.5 3.3 3.4 3.7 4.0 4.2 4.3 4.3 3.9 - 2.6 0.4 
BL 3.0 3.1 3.1 3.0 2.7 2.6 2.7 3.1 3.4 3.4 3.1 3.0 3.0 20.9 - 0.4 
Cp 4.8 5.2 4.9 4.8 4.0 3.7 3.9 4.6 4.9 5.3 5.0 4.3 4.6 - 21.4 0.8 
T 3.8 4.0 3.8 3.8 3.3 3.2 3.5 4.1 4.2 4.2 3.9 3.4 3.8 0.9 - 0.5 
Cm 4.1 4.0 3.7 3.1 2.5 2.2 2.3 2.9 3.5 4.0 4.1 4.1 3.4 11.5 - 0.7 
B 4.9 4.9 4.9 4.8 4.4 4.3 4.3 4.6 4.9 5.0 4.9 4.9 4.7 - 24.3 0.4 
TP 6.1 6.5 6.2 6.1 5.5 5.2 5.6 6.1 6.1 6.5 6.3 5.4 6.0 - 56.7 1.0 
SS 3.1 3.3 3.1 3.0 2.6 2.4 2.5 3.0 3.1 3.4 3.2 2.7 3.0 22.2 - 0.5 
RT 3.8 4.1 3.9 3.8 3.3 3.1 3.4 4.0 4.1 4.3 4.0 3.3 3.8 0.8 - 0.6 
NR 4.8 5.1 4.8 4.8 4.3 4.1 4.4 4.8 4.8 5.1 4.9 4.2 4.7 - 22.8 0.8 
GR 2.9 3.1 2.9 2.9 2.7 2.6 2.8 2.9 2.9 3.0 3.0 2.7 2.9 24.2 - 0.3 
HH 5.0 5.3 5.1 5.0 4.4 4.1 4.4 4.9 5.0 5.3 5.2 4.4 4.8 - 27.6 0.8 
Lg 1.8 2.0 2.0 2.4 2.5 2.9 3.6 4.7 4.6 3.6 2.3 1.9 2.9 24.4 - 1.3 
MB 7.3 7.1 6.5 5.6 4.5 4.0 4.2 5.1 6.2 7.0 7.2 7.3 6.0 - 57.9 1.2 
K 6.4 6.2 6.0 5.6 4.8 4.6 4.6 5.3 6.0 6.4 6.4 6.4 5.7 - 50.5 0.8 
BM 2.0 2.0 1.9 2.1 2.2 2.3 2.8 3.3 3.3 2.8 2.2 2.0 2.4 36.7 - 0.6 
I 3.0 3.2 3.2 4.0 4.3 5.0 6.4 7.5 7.1 5.6 3.8 3.1 4.7 - 22.8 2.0 
RF 2.4 2.6 2.5 2.4 2.1 2.0 2.1 2.4 2.4 2.6 2.5 2.1 2.3 38.2 - 0.4 

Note. PM = Penman-Monteith, Hg = Hargreaves, PT = Priestley-Taylor, Ln = Linacre, JH = Jensen-Haise, M = 
Makkink, R = Romanenko, Hs = Hansen, Hm = Hamon, BC = Blaney-Criddle, BL = Benevides-Lopez, Cp = 
Caprio, T = Turc, Cm = Camargo, B = Budyko, Tp = Tanner-Pelton, SS = Stephens-Stewart, RT = 
Radiation-Temperature, NR = Net Radiation, GR = Global Radiation, HH = Hicks-Hess, Lg = Lungeon, MB = 
McGuiness-Bordne, K = Kharrufa, BM = Blaney-Morin, I = Ivanov, FR = FAO radiation, Ẍ = Mean, UE (%) = 
Percentage of underestimation of the mean relative to the Penman-Monteith method, OE (%) = Percentage of 
overestimation of the mean relative to the Penman-Monteith method, SEE = standard error estimate.  

 

The models of Hs, Hm, BL, Cm, SS, GR, Lg, BM, and RF presented mean ETo values lower than those of the 
PM method whereas the other analyzed methods produced mean ETo values higher than those of the PM method. 
The most discrepant results were those of the Hs method, which underestimated the ETo value in 60.7%, and the 
MB method, which overestimated the ETo value in 57.9%.  

Alencar et al. (2015) evaluated the ETo values reported in FAO Bulletin 56 in the absence of some climatic 
variables and concluded that the performance of the methods was excellent in the absence of wind speed data, 
adequate in the absence of relative humidity data, and poor in the absence of solar radiation data. 

The month of June presented the lowest ETo values in 82% of the analyzed methods, which is explained by the 
lower amount of net radiation. 

The methods of Hm, BC, Cm, and K presented poor performance (Table 4) and the MB method presented very 
poor performance, which leads to considerable errors in water level quantification and therefore may cause 
severe water deficits or limit the productivity of irrigated crops in the analyzed region. The T model was the only 
method with excellent performance, which qualifies it as a method with greater efficiency when replacing the 
PM method annually in Rio Verde, and requires fewer variables in the equation (Tmean, SRe, and RH). 
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Table 4. Performance of the methods of estimation of annual reference evapotranspiration in Rio Verde, Goiás, 
Brazil 

Methods r d c Performance index Methods r d c Performance index 

Hg 0.64 0.99 0.63 Moderate B 0.54 0.99 0.53 Fair 

PT 0.75 1.00 0.75 Good TP 0.79 0.95 0.75 Good 

Ln 0.65 0.99 0.64 Moderate SS 0.85 0.99 0.83 Very good 

JH 0.85 0.99 0.84 Very good RT 0.85 1.00 0.85 Very good 

M 0.82 0.97 0.80 Very good NR 0.80 0.99 0.79 Very good 

R 0.58 0.96 0.56 Fair GR 0.79 0.98 0.78 Very good 

Hs 0.82 0.81 0.67 Good HH 0.82 0.98 0.81 Very good 

Hm 0.48 0.99 0.47 Poor Lg 0.60 0.98 0.59 Fair 

BC 0.44 1.00 0.44 Poor MB 0.41 0.95 0.38 Very poor 

BL 0.65 0.99 0.64 Moderate K 0.51 0.96 0.49 Poor 

Cp 0.85 0.99 0.84 Very good BM 0.65 0.95 0.61 Moderate 

T 0.86 1.00 0.86 Excellent I 0.58 0.99 0.57 Fair 

Cm 0.42 1.00 0.42 Poor RF 0.82 0.95 0.78 Very good 

Note. r = Pearson correlation coefficient, d = Willmott index, c = Performance index. 

 

The remaining methods were very good (JH, M, Cp, SS, RT, NR, GR, HH, and RF), good (PT, Hs, and TP), 
moderate (Hg, Ln, BL, and BM), and poor (R, B, Lg, and I). Allen et al. (1998) found that the Hg method might 
be used to replace the PM method and provided reliable data on the daily ETo. However, the Hg method was not 
effective, with moderate performance by overestimating the mean ETo by 20%, thus requiring calibration for use 
in Rio Verde to prevent water deficits and unnecessary costs. 

Similarly, studies conducted in Santo Antônio de Goiás, Goiás (Fernandes et al., 2012), reported that the Hg 
method overestimated the ETo values. However, studies that compared a few methods (Lacerda & Turco, 2015; 
Palaretti et al., 2014) concluded that the Hg method was the closest to the PM method. 

The SS and RF methods underestimated the ETo values considerably, and therefore the use of these methods 
might lead to water deficits in the irrigated crops (Figure 1). The methods of PT, T, RT, and GR presented 
variability, either overestimating or underestimating the ETo values. The RT model presented a lower variability, 
and its line was very close to the line of intersection with the PM method, indicating the similarity of the ETo 
values. 
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Table 6. Performance of the methods of estimation of the reference evapotranspiration in the rainy season in Rio 
Verde, Goiás, Brazil 

Methods r D C Performance index SEE Methods r d c Performance index SEE 

Hg 0.62 0.98 0.61 Moderate 0.67 B 0.56 0.99 0.55 Fair 0.28 

PT 0.90 1.00 0.90 Excellent 0.50 TP 0.91 0.95 0.87 Excellent 0.78 

Ln 0.68 0.99 0.68 Good 0.44 SS 0.94 0.99 0.93 Excellent 0.36 

JH 0.94 0.98 0.92 Excellent 0.58 RT 0.94 1.00 0.94 Excellent 0.47 

M 0.92 0.97 0.90 Excellent 0.65 NR 0.91 0.99 0.90 Excellent 0.60 

R 0.75 1.00 0.75 Good 1.58 GR 0.91 0.98 0.89 Excellent 0.26 

Hs 0.93 0.81 0.75 Good 0.18 HH 0.92 0.98 0.91 Excellent 0.60 

Hm 0.48 1.00 0.48 Poor 0.36 Lg 0.75 0.93 0.69 Good 0.91 

BC 0.43 1.00 0.43 Poor 0.17 MB 0.42 0.92 0.39 Very poor 0.47 

BL 0.67 0.99 0.67 Good 0.32 K 0.52 0.95 0.50 Poor 0.49 

Cp 0.94 0.99 0.93 Excellent 0.56 BM 0.76 0.92 0.70 Good 0.48 

T 0.93 1.00 0.93 Excellent 0.40 I 0.75 1.00 0.75 Good 1.32 

Cm 0.45 1.00 0.45 Poor 0.29 RF 0.92 0.95 0.87 Excellent 0.29 

Note. r = Pearson correlation coefficient, d = Willmott index, c = Performance index. 

 

The performance was very poor for the MB method, poor for methods Hm, BC, Cm, and K, fair for the B 
method, and moderate for the Hg method. The estimated SEE varied between 0.17 (BC) and 1.58 (R) mm d-1 for 
the rainy season. 

The methods that underestimated the SEE were Hs, T, SS, GR, BM, and RF (Figure 3). However, model T 
presented a regression line very close to the line of intersection with the PM method. The models PT, JH, Cp, NR, 
and HH overestimated the SEE value, and model RT presented variability, underestimating values < 4.0 mm d-1 
and overestimating values > 4.0 mm d-1. R² varied from 0.57 (BM) to 0.89 (JH, SS and RT), and 89% of the 
variations found in methods JH, SS, and RT were explained by the variation of the PM method, with SEE of 0.58, 
0.36, and 0.47 mm d-1, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



jas.ccsenet.

Figure 3.
Hansen 

R
Penman

 

The T and
obtained b
in the state

4. Conclus

The T and
and rainy 
water requ

Adequate 
conflicts, a

Reference

Acqua, N.
solos 
Ambi

org 

a 

e 

i 

. Equations an
(c), Caprio (d)

Radiation (i), H
n-Monteith me

d RT methods
by Cunha et al
e of Mato Gros

sions 

d RT methods 
season, facilit

uirement of the

water manage
and serve as a 

es 

 H. D., Silva, 
em áreas so

iental, 17(2), 1

d coefficients 
), Turc (e), Ste

Hicks-Hess (j), 
ethod for estim

s outperforme
. (2017) in Ca
sso. 

presented the 
tating the man
e crops, thus sa

ement in agricu
tool for promo

G. P., Benites
ob plantio dir
17-122. https:/

Journal of A

b 

f 

j 

of determinati
ephens-Stewar
Blaney-Morin

mating the annu
Verde

ed the others 
assilândia, by L

best performa
nagement of ir
aving water an

ulture may inc
oting the ration

s, V. M., Assis
eto no sudoe
//doi.org/10.15

Agricultural Sci

73 

ion of the meth
rt (f), Radiation
n (k), and FAO
ual reference e
e, Goiás, Brazil

using the PM
Lozano et al. (

ance for estim
rrigated agricu

nd energy and i

crease water a
nal use of wate

s, R. L., & Sim
ste goiano. R
590/S1415-436

ience

c 

g 

k 

hods of Priestle
n-Temperature

O Radiation (l) 
evapotranspirat
l 

M method as a
(2017) in Mari

mating annual E
ulture by simp
increasing agri

availability in w
er resources.

mon, G. A. (20
Revista Brasile
662013000200

V

ey-Taylor (a), 
e (g), Net Radi
correlate to th
tion in the rain

a standard. Si
ingá, and by T

ETo in Rio Ve
plifying the qu
icultural produ

water bodies, 

013). Métodos 
eira de Engen
0001 

Vol. 11, No. 18;

d 

h 

l 

Jensen-Haise 
ation (h), Glob

he standard 
ny season in R

imilar results 
Tanaka et al. (2

erde during the
uantification o
uctivity.  

mitigating exi

de amostrage
nharia Agríco

2019 

(b), 
bal 

io 

were 
2016) 

e dry 
of the 

isting 

m de 
ola e 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 18; 2019 

74 

Alencar, L. P. de, Sediyama, G. C., & Mantovani, E. C. (2015). Estimativa da evapotranspiração de referência 
(ETo Padrão FAO), para Minas Gerais, na ausência de alguns dados climáticos. Engenharia Agrícola, 35(1), 
39-50. https://doi.org/10.1590/1809-4430-Eng.Agric.v35n1p39-50/2015 

Allen, R. G. (1998). Crop evapotranspiration: Guidelines for computing crop water requirements. FAO Irrigation 
and Drainage Paper, 56 (p. 300). Rome: FAO. 

Almorox, J., Senatore, A., Quej, V. H., & Mendicino, G. (2018). Worldwide assessment of the Penman-Monteith 
temperature approach for the estimation of monthly reference evapotranspiration. Theoretical and Applied 
Climatology, 131(1), 693-703. https://doi.org/10.1007/s00704-016-1996-2 

Budyko, M. I. (1956). Heat budget of the earth’s surface. Off. Tech. Serv., U.S. Dept. Commerce, Wash. DC.  

Camargo, A. P., & Sentelhas, P. C. (1997). Avaliação do desempenho de diferentes métodos de estimativa da 
evapotranspiração potencial no estado de São Paulo, Brasil. Revista Brasileira de Agrometeorologia, 5(1), 
89-97. 

Caporusso, N. B., & Rolim, G. de S. (2015). Reference evapotranspiration models using diferente time scales in 
the Jaboticabal region of São Paulo, Brasil. Acta Scientiarum Agronomy, 37(1), 1-9. https://doi.org/10.4025/ 
actasciagron.v37i1.18277 

Carvalho, D. F. de, Rocha, H. S. da, Bonomo, R., & Souza, A. P. de. (2015). Estimativa de evapotranspiração de 
referência a partir de dados meteorológicos limitados. Pesquisa Agropecuária Brasileira, 50(1), 1-11. 
https://doi.org/10.1590/S0100-204X2015000100001 

Cavalcante Junior, E. G., Oliveira, A. D., Almeida, B. M., & Espínola Sobrinho, J. (2011). Métodos de 
estimativa da evapotranspiração de referência para as condições do semiárido nordestino. Semina Ciências 
Agrárias, 32(1), 1699-1708. https://doi.org/10.5433/1679-0359.2011v32Suplp1699 

Córdova, M., Carrillo-Rojas, G., Crespo, P., Wilcox, B., & Célleri, R. (2015). Evaluation of the 
Penman-Monteith (FAO 56 PM) Method for Calculating Reference Evapotranspiration Using Limited Data. 
Mountain Research and Development, 35(3), 230-239. https://doi.org/10.1659/MRD-JOURNAL-D-14- 
0024.1 

Cunha, F. F. da, Magalhães, F. F., & Castro, M. A. (2013). Métodos de estimativa de evapotranspiração de 
referência para Chapadão do Sul-MS. Engenharia na Agricultura, 21(2), 159-172. https://doi.org/10.13083/ 
1414-3984.v21n02a06 

Cunha, F. F. da, Magalhães, F. F., Castro, M. A. de, & Souza, E. J. de. (2017). Performance of estimative models 
for daily reference evapotranspiration in the city of Cassilândia, Brazil. Engenharia Agrícola, 37(1), 
173-184. https://doi.org/10.1590/1809-4430-eng.agric.v37n1p173-184/2017 

Fernandes, D. S., Heinemann, A. B., Paz, R. L. F., & Amorim, A. O. (2012). Calibração regional e local da 
equação de hargreaves para estimativa da evapotranspiração de referência. Revista Ciência Agrônomica, 
43(2), 246-255. https://doi.org/10.1590/S1806-66902012000200006 

Gotardo, J. T., Rodrigues, L. N., & Gomes, B. M. (2016). Comparação de métodos para estimativa da 
evapotranspiração potencial: contribuição a gestão dos recursos hídricos de uma bacia experimental da 
região do cerrado. Revista de Engenharia Agrícola, 36, 1016-1026. https://doi.org/10.1590/1809-4430-eng. 
agric.v36n6p1016-1026/2016 

Hallal, M. O. C., Schoffel, E. R., Brixner, G. F., & Radunz, A. L. (2013). Estimativa da evapotranspiração de 
referência e sua relação com a precipitação ocorrida na região de Pelotas-RS. Irriga, 18(1), 85-98. 
https://doi.org/10.15809/irriga.2013v18n1p85 

Lacerda, Z. C. de, & Turco, J. E. P. (2015). Estimation methods of reference evapotranspiration (ETo) for 
Uberlândia-MG. Engenharia Agrícola, 35(1), 27-38. https://doi.org/10.1590/1809-4430-Eng.Agric.v35n1 
p27-38/2015 

Landeras, G., Bekoe, E., Ampofo, J., Logah, F., Diop, M., Cisse, M., & Shiri, J. (2018). New alternatives for 
reference evapotranspiration estimation in West Africa using limited weather data and ancillary data supply 
strategies. Theoretical and Applied Climatology, 32, 701-716. https://doi.org/10.1007/s00704-017-2120-y 

Lozano, C. S., Rezende, R, Freitas, P. S. L. de, Hachmann, T. L., Santos, F. A. S., & Andrean, A. F. B. A. (2017). 
Estimatation of evapotranspiration and crop coeficiente of melon cultivated in protected environment. 
Revista Brasileira de Engenharia Agrícola e Ambiental, 21(11), 758-762. https://doi.org/10.1590/ 
1807-1929/agriambi.v21n11p758-762 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 18; 2019 

75 

Marengo, J. Á., Nobre, C. A., Seluchi, M. E., Cuartas, A., Alves, L. M., Mendiondo, E. M., … Sampaio, G. 
(2015). A seca e a crise hídrica de 2014-2015 em São Paulo. Revista USP, 106, 31-44. https://doi.org/ 
10.11606/issn.2316-9036.v0i106p31-44 

Melo, T. K. de, Medeiros, J. F. de, Eduardo Sobrinho, J., Figueiredo, V. B., & Souza, P. S. de. (2013). 
Evapotranspiration and crop coefficients of melon plants measured by lysimeter and estimated according to 
FAO 56 methodology. Engenharia Agrícola, 33(5), 929-939. https://doi.org/10.1590/S0100-69162013 
000500005 

Moura, A. R. C., Montenegro, S. M. G. L., Antonino, A. C. D., Azevedo, J. R. G. de, Silva, B. B. da, & Oliveira, 
L. M. M. de. (2013). Evapotranspiração de referência baseada em métodos empíricos em bacia 
experimental no estado de Pernambuco-Brasil. Revista Brasileira de Meteorologia, 28(2), 181-191. 
https://doi.org/10.1590/S0102-77862013000200007 

Oliveira, G. M. de, Santiago, E. J. P., Leitão, M. de M. V. B. R., Rocha, R. de C., Gonçalves, I. S., & Silva, R. R. 
(2017). Estimativa da evapotranspiração de referência para ambiente protegido. Irriga, Edição Especial, 
21-30. https://doi.org/10.15809/irriga.2017v1n1p21-30 

Palaretti, L. F., Mantovani, E. C., & Sediyama, G. C. (2014). Comparação entre métodos de estimativa da 
evapotranspiração de referência (ETo) em regiões citrícolas paulistas. Engenharia Agrícola, 34(1), 38-47. 
https://doi.org/10.1590/S0100-69162014000100005 

Rocha, E., Reys, P., Silva, P. O., & Soares, M. P. (2014). Florística e fitossociologia em um fragmento de cerrado 
no sudoeste de Goiás. Revista Global Science and Technology, 7(3), 110-118. https://doi.org/10.14688/ 
1984-3801/gst.v7n3p110-118 

Sales, J. C. (2008). Caracterização climática e comparação de métodos de estimativa de evapotranspiração de 
referência para regiões do estado de Ceará (Tese Doutorado, Universidade Estadual Paulista, Faculdade de 
Ciências Agronômicas, Botucatu, SP). 

Silva, V. P. R., Garcêz, S. L. A., Silva, B. B., Albuquerque, M. F., & Almeida, R. S. R. (2015). Métodos de 
estimativa da evapotranspiração da cultura da cana-de-açúcar em condições de sequeiro. Revista de 
Engenharia Agrícola e Ambiental, 19(5), 411-417. https://doi.org/10.1590/1807-1929/agriambi.v19 
n5p411-417 

Sousa, I. F., Silva, V. P. R., Sabino, F. G., Netto, A. O. A., Silva, B. K. N., & Azevedo, P. V. (2010). 
Evapotranspiração de referência nos perímetros irrigados do Estado de Sergipe. Revista Brasileira de 
Engenharia Agrícola e Ambiental, 14(6), 633-644. https://doi.org/10.1590/S1415-43662010000600010 

Souza, A. P., Mota, L. L., Zamadei, T., Martim, C. C., Almeida, F. T., & Paulino, J. (2013). Classificação 
climática e balanço hídrico climatológico no estado de Mato Grosso. Nativa, 1(1), 34-43. https://doi.org/ 
10.14583/2318-7670.v01n01a07 

Tanaka, A. A., Souza, A. P., Klar, A. E., Silva, A. C., & Gomes, A. W. A. (2016). Evapotranspiração de referência 
estimada por modelos simplificados para o Estado do Mato Grosso. Pesquisa Agropecuária Brasileira, 
51(2), 91-104. https://doi.org/10.1590/S0100-204X2016000200001 

Xu, C. Y. (2002). Hydrologic Models (p. 165). Department of Earth Sciences Hydrology, Uppsala University.  

Zhao, L., Xia, J., Xu, C. Y., Wang, Z., & Sobkowiak, L. (2013). Evapotranspiration estimation methods in 
hydrological models. Journal of Geografical Science, 23(2), 359-369. https://doi.org/10.1007/s11442-013- 
1015-9 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/4.0/). 


