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INTRODUCTION
Background

The presence of water in the atmosphere, hydrosphere and lithosphere has a significant
impact on the earth's ecosystem. Almost the majority of the plant body is composed of water,
in fact approaching 95% of the mass of the plant itself. Water in plants at any time expresses
its distribution during the plant's growth period, carrying nutrients and providing a moist
surface for the gas exchange process during photosynthesis(Huntley, 2023). According to
FAO in the book Irrigation Water Management (Brouwer & Heibloem, 1986), In agricultural
cultivation, every plant needs soil, water, air and light to grow. Soil provides stability for
plants as well as storing water and nutrients for plants which can be taken up through the
roots, sunlight provides energy, and air is used for breathing. Unlike others, plants really need
water. Roots are very important in the process of transporting water along with nutrients from
the soil for plant growth, both water and nutrients have interactions that can have a positive
or even negative impact on plants(Li & Kang, 2020). Water sources for plants are rainfall,
irrigation, and both. To calculate how much water is plant needs, it can be estimated by
knowing how much water is lost from the plant body in the process of transpiration and the
soil surface in the form of evaporation. The loss of water through transpiration and
evaporation for plants occurs simultaneously, known as evapotranspiration.
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Evapotranspiration plays an important role in agricultural water management and crop
modeling (Paredes et al., 2021; Valipour & Guzman, 2022) is an important component in the
land water after rainfall in the context of crop irrigation and is a multivariate phenomenon
influenced by various hydrological variables including planning and determining irrigation
programs and designing irrigation systems(Aydin, 2021). Evapotranspiration provides an
overview and information regarding the amount of water lost from vegetation and vegetation
tissue, where the type of vegetation has a significant influence on the amount of
evapotranspiration. The amount of water from the evapotranspiration process returns to the
atmosphere due to the influence of climatic and plant physiological factors (Ahmad Fausan et
al., 2021)

FAO Irrigation and drainage paper 56 (Allen et al., 1998) in assessing the rate of
Evapotranspiration, there are several things that need to be considered, the influence of
climate and plant factors. The evapotranspiration rate calculated based on a reference surface
with sufficient water conditions (no shortage) is called reference plant evapotranspiration or
reference evapotranspiration (ETo). The concept of reference evapotranspiration (ETo) was
developed by Doorenbos & Pruitt, (1977) with the definition of the amount of water used by
the presence of vegetation on a surface covered by grass with a uniform height of 8 to 15 cm
taking into account water loss through evaporation and transpiration of plants, actively
growing, completely cover the ground, and without water limitations. As a reference, The
standard grass reference is used in the form of a hypothetical grass and/or alfalfa reference
plant "A hypothetical crop with an assumed height of 0.12 m having a surface resistance of 70
s m-1 and an albedo of 0.23, closely resembling the evaporation of an extension surface of
green grass of uniform height, actively growing and thoroughly watered” (Ndulue & Ranjan,
2021; L. S. Pereira et al., 2021).

The ETo rate can be measured directly using a lysimeter, but from an economic and
equipment perspective this measurement is very expensive and difficult to carry out,
therefore estimating ETo using meteorological variables in the form of theoretical or empirical
methods is highly recommended considering the availability of weather data in several
locations. Estimates of ETo rate using empirical methods have been widely developed in
specific locations with climatological (Ghamarnia et al., 2015). Daily meteorological variables
used in estimating ETo are temperature, relative humidity, solar radiation, and wind speed at
2m height above the surface (Weiss et al., 2021). Changes in meteorological variables have an
impact on changes in the reference evapotranspiration rate, such as decreasing the duration
of sunlight and wind speed can reduce the ETo value (Hu et al., 2021) However, all these
meteorological variables are not always completely available in an area and can be calculated,
therefore there are several empirical methods that use limited variables that can be used to
estimate ETo (Gonzalez del Cerro et al., 2021).

Meteorological researchers around the world have developed several empirical
equations to calculate the ETo rate, but due to the different conditions in each part of the
world, no method has been established perfectly. The development of empirical methods
which are quite popular are based on certain categories, that are temperature, radiation, air
humidity and mass transfer (Qiu et al., 2019; Thongkao et al., 2022; Weiss et al., 2021). FAO
Penman-Monteith (FAOpy) is recommended as the standard method for calculating ETo. This
method was chosen because the calculation results are very close to the ETo value of grass at
the evaluated location, are physically based, and explicitly combine physiological and
aerodynamic parameters. Additionally, this procedure has been developed to estimate
missing climate parameters (Ghamarnia et al., 2015). However, not all data required in the
FAOrpy is available in a certain area. So it is important to explore various empirical methods
with simple calculations, and based on the availability of meteorological data in the study
area. Many studies have been carried out to evaluate various empirical methods developed
throughout the world to find out how accurate these methods are in estimating the ETo rate
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in the area studied as done by (Althoff et al., 2019; Bin Poyen et al., 2016; Renner et al., 2019;
Shirmohammadi-Aliakbarkhani & Saberali, 2020) with FAOpm used as a standard method to
evaluate the performance of the methods.

Aims

Several previous studies only evaluated the empirical method against the standard
method (FAO PM) by looking at the error values produced and the correlation relationship,
so in this research we added an index of agreement, and confidence index to determine the
performance of each empirical methods and found the best empirical method(s). The aim of
this research is to compare and evaluate 11 empirical methods for estimating ETo against the
FAOpwm for the Sumbersari district, Jember Regency, East Java. The novelty of this research is
we found out the best of an empirical method (s) from the comparation with a simple formula
that is most suitable for estimating the average monthly ETo in the study area.

METHOD

Material

The data used in this research are daily meteorological variables obtained from the AWS
observation station belonging to the Soil Physics and Conservation Laboratory, Soil Science
Department, Faculty of Agriculture, University of Jember, located at 8°9'44"S 113042'58"E at
an altitude of 135 meters above sea level, from July 2022 until June 2023. The meteorological
data accordance with the number of sensors on AWS, which are air Temperature (T), air
Humidity (RH), solar radiation (Rs), and wind Speed at 2 m above the surface (Uy) its is used
as input variables for estimated the rate of Reference Evapotranspiration with empirical
method. Data processing using Microsoft Excel 2010.

Methods

ETo estimation uses FAOpum as the standard method and 11 other empirical methods,
where based on mass transfer (Kahruffa and Romaneko), temperature basis (Hargreaves-
Samani, Thornthwaite, and Hamon), radiation basis (Jensen-Haise, Hansen, Makkink,
Priestley-Taylor and Turc), and ETo from AWS itself using the Original Penman Monteith
equation. The formulas of the equations are presented in TABLE 1 along with their references.

Table 1. The Formulas of Evapotranspiration Equations

Empirical Methods Formula Sources
FAO Penman-Monteith 0.408A(R —G)+y%uz(e —eq)
= - * 4 Allen et al., 1998
(FAOpm) ET, A+y(1+0.34u5) @ (Allen eta )
. A
Priesley-Taylor (PT) ETo = «a ey (R, — G) 2 (Gong et al., 2021)

A
ETo = 0.61 [—] Rs —0.12
A+y
@)

Makkink (Mk) (Zhang et al., 2018)

T\ % o
ETP = 16(107) T, > 0°C
a=6.7510"713—-7.7110751?> + 0.01791 |
Thornthwaite-Matter + 0.49239

(Th) I = Z(O.ZTm)1.514

ETory, = £TP S (%) @

(Manuela Portela et al., 2020)

EToys = 0.0023 Ra ( Tmax — Tmin)*5(Ta + (Althoff et al., 2019;

Hargraves-Samani (HS) 17.8) (5) Talebmorad et al., 2020)
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Empirical Methods Formula Sources
ETo = 0,013 Tai“ls (Rs + 50) if RH > 50%
Turc (Tu) (6) (Aydin, 2021; TURC, 1961)
ETo =0.7 [i] Rs (7) (Bourletsikas et al., 2018;
Hansen (Hn) ary Hansen, 1984)
. _ (Jensen & Haise, 1963;
Jensen and Haise (JS) ETo = Rs(0,0252Ta + 0,078) (8) Sobrinho et al., 2020)
Hamon (Hm) ETo = 055 <(E) >Pt(25’4) ©) (Bin Poyen et al., 2016)
Pt = (4,95e0.062Ta) /100
_ Ta\1? ea (Bin Poyen et al., 2016;
Romaneko (Rm) ETo = 45 <[1 + (E)] ) <1 - (Z)) (10) Bourletsikas et al., 2018)

ETo = a + b[p(0,46Tm + 8,13)] (11)
n
a = 0,0043RHmin — N 1.41

n
b = 0.88165 + 0.857596 (N)

— 0.00454(RHmin)
+0.093803(Ud)

— 0.00405(RHmin) (%)

Blaney-Criddle (BC) (Thongkao et al., 2022)

— 0.00087(RHmin)(Ud)
(Bartolomeu & Catine, 2019;
Kharuffa (Ka) ETo =0.34pTa? (12) Sasireka et al., 2017;
Sobrinho et al., 2020)
where
ET, = Referens Evapotranspiration (mm/day),
Rn = Netto Radjiation at surface plant( MJ/m? /day),
Rs = Incoming solar Radiation (I;TI;),
Ra = Extraxterestial Radiation (I;TI;),
G = Ground Heat Flux (M]J/m? /day),
Ta or Tin= mean air temperature at 2 m (°C),
Tmin = minimum Air temperature (°C),
Tmax = Maximum Air Temperature (°C),
RH = Relative Humidity (%),
u, = wind speed at 2 meter (m/s),
es = Saturated Water Vapor Pressure (kPa),
e, = Actual Water Vapor Pressure (kPa),
A = slope vapour pressure curve (kPa °C-1),
Yy = psychrometric constant (kPa °C-1),
D = possibly hours in day (ﬁ),
Pt = The saturated water vapor density at the daily mean temperature.

Two-Parameter Statistical Analysis

The Statistic analysis used to compare the result of estimation ETo using empirical
method against FAOpym as standard ETo estimation. The statistical test used is a two
parameters statistical test. ETo from FAOpym as Observed (O) and ETo from Empirical Method
as Prediction (P), n as number of sampel
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Correlation coefficient (r)

Y1 (P;—P)(0;—0)

r= (13)
[z2(Pi~P)” |/(0;-0)2

Where:

O = Value of ETo from FAOpm

P = Value of ETo from Empirical Method

n = Number of sampel

i = Data Number from 1,2,3...n

The correlation coefficient value is used to determine both the spread and distribution
of predicted data on observational data with a range of -1 < r>1. A value of 0 indicates there
is no relationship or correlation between predictions and observations, while a value of 1
indicates that the dispersion of predicted data is the same as the distribution of observed data,
while A correlation coefficient of -1 describes a perfect negative, or inverse (Shaw et al., 2018).

Nash-Sutcliffe efficiency (NSE)

The NSE index is also called the agreement index, which is used to evaluate a model
with a value range of -00o<NSE<1. The index is used to see how well the distribution of data
(scatterplot) from observations and models fits the 1:1 line, where if NSE = 1 indicates a perfect
value from the comparison, NSE = 0 indicates the prediction model has the same accuracy as
the average value of the observations, whereas Negative NSE states that the model is
unacceptable (Dlouha et al., 2021).

_ Yiz1(0;=P)?
Where:
@) = Value of ETo from FAOpum
P = Value of ETo from Empirical Method
n = Number of sampel
i = Data Number from 1,2,3....n

Root Mean Square Error (RMSE), Mean Absolute Error (MAE)

n _pnA2
RMSE = /Zm(il o) (15)

MAE = ~Y7|P; - 0] (16)

Where:

@) = Value of ETo from FAOpy

P = Value of ETo from Empirical Method
n = Number of sampel

i = Data Number from 1,2,3...n

MAE and RMSE formulas have been widely used to evaluate the accuracy of system
(Wang & Lu, 2018). According Harwell, (2019), RMSE represents the variance or standard
deviation of parameter estimates, with small deviation values indicating the accuracy of the
estimates from the model. MAE is used for optimal parameter selection of a given model,
model validation, comparison between several models and evaluation estimates
(Karunasingha, 2022).
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Average Bias (b) and Index of Agreement (d)

b=ntYL,(P-0) (17)

4 Y (Pi—0,)?
d=1 >, (IP;—0|+|0;—0])2 (18)
Where:

O = Value of ETo from FAOpm

P = Value of ETo from Empirical Method
n = Number of sampel

i = Data Number from 1,2,3....n

Determining the accuracy of the measurement method is carried out by calculating the
average bias and index of agreement (d) (H. R. Pereira et al., 2018). Willmott et al., (2012) using
an index of agreement as statistical index of model performance, it is dimensionless which the
bound value range is -1.0 to 1.0. The agreement value of 1 indicates a perfect match between
Observed and prediction, while -1 to 0 indicates no agreement at all.

Confidence Index (c)

The concordance index (Table 2) is a measure of the effectiveness of the method used to
estimate the observed ETo value, taking into distribution of the data relative to the 1:1 line. To
analyze the reliability of each method, the confidence index (c) proposed by CAMARGO &
SENTELHAS (1997) is used, which is the result of multiplying r and d (c = r.d) (De Melo &
Fernandes, 2012).

Table 2. Classification of Confidence Index (c)

“c” Value Performance of Method
>0,85 Excellent

0.76 t0 0,85 Very Good

0.66 to 0.75 Good

0.61 to 0.65 Medium

0.51 to 0.60 Tolerable

0.41 to0 0.50 Bad
<041 Terrible

Remarks : (De Melo & Fernandes, 2012; Steidle Neto et al., 2015)

RESULT AND DISCUSSION

Analysis of the reference evapotranspiration rate (ETo) is carried out in 2 stages, the first
stage is calculating the ETo rate using the FAO Penman-Monteith (FAOPM), Penman-
Monteith (PM), Blaney-Criddle (Bc), Thornthwaite-Matter(Th), Priestley- Taylor (PT),
Hargreaves-Samani (HS), Makkink (Mk), Turc(Tu), Hansen(Hn), Jensen & Haise(JH),
Hamon(Hm), Romaneko (Rm), and Kharuffa (Ka). For ETo calculations using Penman
Monteith (PMaws) used the ETo value from AWS, while other methods use meteorological
data obtained from AWS.

The Second Stage is to compare the results of empirical method calculations with the
results of FAOPM calculations as a standardized. Calculation of the daily average ETo is based
on the total ETo for a month and then averaged to become a daily average in moth. Estimates
of the daily average ETo for each month are carried out because the bias resulting from the
daily ETo calculation results can be reduced, thereby allowing for lower error values.
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Estimated Of ETo

Several factors influence the rate of ETo from agricultural cultivated plants, which are
plant factors, weather/climate, and soil management, where climate factors have a significant
influence such as solar radiation, air temperature, relative humidity, and wind speed.
Meteorological data acquired from Automatic Weather Stations used in calculating the ETo
rate is one hour data, with a range from July 2022 to June 2023.

Table 3. ETo Estimation in mm/day for monthly Period

Time Empirical Methods

FAOpv PMaws PT Th HS Mk Tu Hn JH Hm Rm Ka BC
Jul'22 2.34 2.25 275 321 402 191 254 233 326 332 463 058 260
Aug'22 2.81 251 327 351 444 229 294 277 391 350 492 072 291
Sep'22 2.89 2.79 342 363 486 232 297 280 399 371 463 0.69 277
Oct'22 247 2.35 3.01 307 481 192 256 234 332 357 325 045 235
Nov'22 2.32 2.10 286 318 499 1.79 242 219 313 352 349 044 229
Dec'22 2.62 241 319 340 5.03 207 271 251 359 348 3.89 054 264
Jan'23 2.55 2.35 3.04 323 496 194 258 237 340 355 390 053 261
Feb'23 2.28 2.07 274 288 494 1.69 231 207 297 360 361 044 233
Mar'23 2.69 2.56 322 411 515 211 276 256 369 383 464 0.62 273
Apr'23 2.40 2.28 289 365 466 188 251 229 330 374 409 050 244
May'23 2.50 2.33 297 396 437 206 270 250 358 356 511 0.64 276
Jun'23 2.37 2.23 276 354 407 192 255 234 333 346 486 058 271
Mean 2.52 2.35 3.01 345 469 199 263 242 346 357 425 056 260
min 2.28 2.07 274 288 402 1.69 231 207 297 332 325 044 229
max 2.89 2.79 342 411 515 232 297 280 399 383 511 072 291
Median 2.49 2.34 299 346 484 193 257 236 337 356 436 056 263
Std. 0.20 0.20 022 036 038 019 020 022 030 014 062 0.09 0.20
Deviation
Variance 0.04 0.04 0.05 013 014 0.04 0.04 005 009 002 039 0.01 0.04
N 12 12 12 12 12 12 12 12 12 12 12 12 12

Remarks : Data Analysis, 2023

This data series are converted into daily data and then the average ETo rate is calculated
for each month. The Result of monthly periods ETo estimation from empirical methods and
its description show in Table 3. The average ETo rate is calculated for each month, based on
12 months of analyzed data, FAOpy rate estimation results show an average value of 2.52
mm/day, with a minimum value of 2.07 mm/day in February 2023, and a maximum value of
2.89 mm/day in September 2022. From several empirical methods analyzed, it was found that
the Kharuffa method gave very low ETo values with a range of 0.44 mm/day to 0.72 mm/day
with an average of 0.56 mm/day. Meanwhile, the Hargreaves-Samani empirical method
provides a high estimate, with an average of 4.69 mm/day, with a range of ETo rates between
4.02 mm/day found in July 2022 to 5.51 mm/day found in March 2023. The highest average
was also found in the Romaneko method with a value of 4.25 mm/day, with the largest ETo
estimate found in May 2023 with a value of 5.11 mm/day.

Comparison of empirical methods for estimating ETo against FAO PM
Statistical analysis of two parameters is used to compare the results of ETo rate
calculations using the empirical method against the standard FAO Penman-Monteith method,
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which are NSE, RMSE, Mean Absolute Error (MAE), and the average bias method (b) as well
as the evaluation method usingr, d, and c. The results of the statistical evaluation of empirical
methods for the daily average period for monthly data are presented in Table 4 and Figure 1.
Based on the following table 4, it is found that the RMSE value from the comparison of the
empirical method with the standard method ranges from 0.12 to 2.20, the smallest RMSE value
is produced by Tu and Hn while the highest RMSE is obtained by the HS method. Likewise
for MAE, the Tu and Hn methods give the lowest error values, 0.11 and 0.10 respectively,
while the highest MAE is obtained by HS which is 2.17. The PMaws and modified BC methods
also show low error values, that 0.18 and 0.16 for RMSE, and 0.17 and 0.12 for MAE. The
smaller of RMSE and MAE values (wWhen compared with FAOpm) showed a low error rate in
the method. A low error value can indicate the accuracy of the empirical method in estimating
ETo (based on the estimated ETo value from the FAOpv method).

Based on the average bias value (b) in table 4, several empirical methods such as the PT,
Th, HS, JH, Hm, Tu, Rm and BC methods show positive bias values, which means that the
method overestimates ETo when compared with FAOpy, Meanwhile, empirical methods that
underestimate in estimating ETo (negative b value) are the PMaws, Mk, Hn, and Ka methods.
The smallest average bias value, even positive or negative, was found in the PMaws, Hn, Tu,
and BC methods, this value shows that the ETo value estimated by this method is quite close
to the ETo value estimated by FAOpm.

From figure 1 we could see how strong the relationship between each other empirical
methods and FAOpm. A Stronger Correlations will be seen from how closely the data points
following the red regression line. The R? value shows how well the model data fits the linear
regression model. The closer the R? value is to 1, the better the fit of the model. The highest
correlation coefficient was found in the JH, PT, Tu, PMaws, Hn, Mk methods with values of
0.97, 0.97, 0.96, 0.95, 0.95, 0.95 respectively and have a better fit of model, while the lowest
correlation coefficient were found in HS, Hm, and Rm with values of 0.25, 0.37, 0.41
respectively.

Analysis of Index of Agreements (d) that indicated the model performance show that
Tu, Hn, BC and PMaws show great agreement with FAOpym result in estimated ETo with value
of 0.96, 0.94, and 0.92 respectively. Ka and Mk showed very low value of d, which are 0.01 and
0.06 respectively.

Table 4. Result Of Comparison Empirical Method against FAOpy in estimated ETo

Metode Performance
r NSE RMSE MAE b d c Classification

PMaws 095 0.53 0.18 0.17 -0.17 082 0.78 V. Good
PT 097 -528 0.66 0.66 0.49 0.65 0.63 Medium
Th 05 -35.05 1.58 1.54 0.93 036  0.18 Terrible
HS 025 -69.31 22 217 217 028  0.07 Terrible
Mk 095 -3.13 0.53 0.53 -0.53 0.06  0.05 Terrible
Tu 096 0.78 0.12 0.11 0.11 096 092 Excellent
Hn 0.95 0.8 0.12 0.1 -0.1 094  0.89 Excellent
JH 097 -11.87 0.94 0.93 0.93 054 052 Tolerable
Hm 037 -11.87 0.94 0.93 1.05 0.54 0.2 Terrible
Rm 041 -11.87 0.94 0.93 1.73 054 022 Terrible
Ka 0.78 -55.03 1.97 1.96 -1.96 001 0.01 Terrible
BC 073  0.64 0.16 0.12 0.07 092  0.68 Good

Remarks: Data Analysis, 2023
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Model evaluation based on r, d, and ¢ values shows that several empirical methods
show very poor performance (Terrible) in estimating the monthly average ETo (mm/day),
which are Thornthwaite-Mather, Hargraves-Samani, Makkink, Hamon, Romaneko, and
Kharauffa. Even though the Makkink and Kharauffa methods have a high correlation valuer,
this value is not enough to state the accuracy of the method because the d value is found to be
very low.

PMAWS vs FAO_PM PT vs FAO_PM
Equation: y = 0.96x + -0.06, R"2 = 0.91 Equation: y = 1.11x + 0,22, R"2 = 0,95
28 3.4
26 455
2
<24 E
z 3.0
22
2.8
23 2.4 2.5 2.6 2.7 2.8 2.9 23 2.4 25 2.6 2.7 2.8 2.9
FAO_PM FAO_PM
(a) (b)
Th vs FAO_PM HS vs FAO_PM
Equation: y = 0.91x + 1.17,R*2 = 0.25 5.2 Equation: y = 0.48x + 3.47,R"2 = 0.06
4.0 5
38 48
£ 30 V4.6
3.4 i
a4
32
a,
3.0 4
4.0
2.3 2.4 25 2.6 2.7 2.8 2.9 2.3 2.4 25 2.6 2.7 2.8 2.9
FAO_PM FAO_PM
(c) (d)
Mk vs FAD_PM Tu vs FAD_PM
Equation: y = 0.90x + -0.28, R*2 = 0.91 Equation: y = 0.95x + 0.24 R*2 = 0.91
1.0
23
2.2
2.8
21
E =
20 = 26
1.9
1.8 2.4
17 i i i n " i i i i i i i i
23 24 25 26 27 28 2.9 23 2.4 25 26 2.7 2.8 29
FADQ_PM FAQ_PM
(e) ()
Hn s FAG_PM JH Vs FAD_PM
Equation: y = 1.04x + -0.21, R*2 = 0.91 Equation: y = 1.49x + -0.29, R*2 = 0.93
28 40
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2.6
36
c -
£ z
2.4 1.4
- 32
i 3.0 3
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(g) (h)
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Hm vs FAD_PM Rm vs FAD_PM
Equation: y = 0.26x + 293, R*2 =0.14 Equation: y = 1.28x + 1.02, R*2 = 0.17
38 5.0
37
45
£ /
35 4.0
34 35
3.3
23 2.4 2.5 2.6 2.7 2.8 29 23 2.4 2.5 26 2.7 2.8 29
FAD_PM FAQ_PM
(i) )
Ka vs FAD_PM BC vs FAD_PM
Equation: y = 0.37x + -0.37, R*2 = 0.59 Equation: y = 0.74x + 0.73, R*2 = 0.54
0.70 =5
2.8
0.65
2.7
0.60 _
3 226
0.55 25
0.50 2.4
0.45 2.3
2.3 2.4 25 2.6 27 2.8 2.9 2.3 2.4 2.5 2.6 2.7 2.8 29
FAD_PM FAQ_PM

(k) U

Figure 1. R?, Slope and Intercep values from the estimated ETo value (mm/day) of the empirical
method (x-axis) against the FAOpym standard method (y-axis). (€) Mk vs FAOpy, (f) Tu vs FAOpy, (g) Hn
vs FAOpy, (h) JH vs FAOpy, (i) Hm vs FAOpy, (j) Rm vs FAOpy, (k) Ka vs FAOpy, and (1) BC vs FAOpm

DISCUSSION

To calculate the level of data dispersion that is the tendency of values of a variable to
scatter away from the mean use standard deviation (SD). Standard deviation is a
measurement that is designed to find the disparity between the calculated mean(Ayeni, 2014).
In other words, SD indicates how accurately the mean represents sample data(Lee et al., 2015).
Based on table 3. ETo value from FAOpy to Blaney-Criddle have a small SD than mean value,
its means ETo estimated from empirical methods have good data dispersion. Besides that,
several empirical methods that estimate ETo value are overestimated when compared with
the standard method (FAOpm) indicated from b value, that are Thornthwaite-Mather,
Romaneko, Jansen-Haise, and Hargreaves-Samani methods, similar result for Hargreaves-
Samani reported by Aydin, (2021), while empirical methods that underestimated ETo are
found in the Kharuffa, Hamon, and Makkink methods, this is In line with was reported by
Sasireka et al., (2017) that Kharuffa with original method show underestimated when
compared with FAO PM. As previously mentioned, NSE and R? are used to see the suitability
of the data distribution (data spread) in the 1:1 trend plot between the Empirical and FAO PM
methods. In table 4, it can be seen that the PMaws, PT, Tu, Hm, and BC methods have an NSE
value range between 0 and 1, this showed the level of accuracy and data distribution is almost
similar and in accordance with the estimated ETo value in FAOpy, this finding is in accordance
that reported by Bourletsikas et al., (2018), that PT, Tu, and BC showed good NSE values. HS
showed very low of R?, its mean this two method had bad relationship with FAOpy, In other
region as Rahuri, that was reported by P. B. JADHAV et al., (2015) that HS showed bad
relationship based on low value of R? too.

Model evaluation based on r, d, and ¢ values shows that several empirical methods
show very poor performance (Terrible) in estimating the monthly average ETo (mm/day),
which are Thornthwaite-Mather, Hargraves-Samani, Makkink, Hamon, Romaneko, and
Kharauffa, as the findings reported by Manik et al., (2017), that the Makkink method shows
poor performance against FAOpy in estimating ETo in Lampung Province, Likewise, HS, Tn,
Rm and Ka method was reported by Sasireka et al., (2017) that based on evaluation with FAO
PM, this method produces very high errors, so it needs recalibration in order to produce better
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performance than before. But in other side, the research was conducted by Adlan et al., (2021)
at Aceh City were evaluating the ETo empirical method, found that the Makkink and
Hargreave-Samani methods had good accuracy compared to the FAOpym and Jansen-Haise
methods had good R? value but also show very high errors. Makkink and Hargreaves-Samani
which used a temperature and solar radiation in estimated ETo rate also presented good
acting at North are of Bahia, Brazil that was reported by Oliveira et al., (2010). These
differences in findings could be caused by differences in the conditions of each study area,
such as topographic conditions, geographical and astronomical location, and also
heterogeneous land cover condition (Suwarman et al., 2021), which can influence the local
climate in that region, so that one empirical method can work well for that region but may not
suitable for other regions, because empirical method developed based on the specific climate
of a region.

Based on the model performance evaluation, it was found that the Turc and Hansen
method as the best result when compare with FAOpm for estimating monthly average ETo
values (mm/day) in Sumbersari District, where this method provides extraordinary
performance values (Excellent), this is reinforced by the RMSE, MAE and b findings which
show the smallest values, accurate NSE (table 4) and very good data trends against the FAOpum
method (Figure 1), Similar results were also reported by Santos et al., (2019) in the study
Assessment of empirical methods for estimation of reference evapotranspiration in the
Brazilian Savannah, that the Turc method is the best empirical method when meteorological
data are not sufficiently available to use the standard FAOprm methods, as line with reported
by Aratjo Lima et al., (2019), that that Turc is an empirical method that produces the best
performance in estimating ETo in the Brazilian region, especially in the equatorial region,
where Turc showed low error values and high R? (0.96 and 0.97) in the two equatorial regions
of Brazil. Reported by Bourletsikas et al., (2018) that Turc can be considered as best performed
method to calculation ETo in that study area with term that have a low error like RMSE and
MAE. In Indonesia, especially at Nagan Raya District was reports by Adlan et al., (2021) that
Turc method in four years observation showed best value of R2(0,988) and low error value
(RMSE and MAE). With these findings and compared with other research, supports the results
obtained in this research that the Turc method is the best empirical method and is
recommended for estimating ETo for the Indonesian region, especially in the Sumbersari
District as a research area.

Hansen method as one of the excellent performances in estimated ETo in this study area
show similarity result with Xystrakis & Matzarakis, (2011), that in Southern Greece, this
method was one of the best method with least average error in monthly mean ETo estimate.
In other side, Djaman et al., (2017) also reported that Hansen method in semiarid conditions
showed good average R2value (0,74) but also underestimated ETo and from 10 methods was
evaluated, Hansen is in 5th position in high RMSE and MBE error values which are 0.92 and
-0.75 respectively. Several method that showed a good result are PMaws method with very
good performance, the Blaney-Criddle method with good performance, Priestly Taylor with
medium performance and Jansen Haise with tolerable performance. Blaney-Criddle as
temperature base method show good performance and that have been reported by several
researchers (Heydari et al., 2014). Rahimikhoob & Hosseinzadeh, (2014) reported that in
assessment of BC equation, this method could use in estimated ETo, but for better
performance it must be calibrated by adjusting climatic conditions in each area. From that
research, after calibrated its was reported that BC showed the Performance improvements.
Priestley Taylor showed a medium performance, which was also reported by Itolima & Ify,
(2017), that producing the least overestimation and showed a good rank compared with
FAOpym. Some methods with medium and tolerable performance showed good enough result
evaluation, but if this method need to be used, it must do modifications through calibration
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so as to improve its performance, this is in line with (Bourletsikas et al., 2018; Hernandez-
Bedolla et al., 2023; Rahimikhoob & Hosseinzadeh, 2014; Sasireka et al., 2017) where do the
modification for the equation from empirical method to improve the method's performance
in estimating ETo through calibrating the Constanta with regression analysis. The calibration
also can used to improved performance of Turc and Hansen even this method already showed
the excellent performance, just to increase the accurate results that represent the study area.

CONCLUSION

The empirical method with excellent performance are Turc and Hansen, very good
performance is PMaws, while good performance is Blaney Criddle, Medium and Tolerable
performance are Jansen-Haise and Priestly-Taylor, and terrible performance are
Thornthwaite-Mather, Hargrave-Samani, Makkink, Hamon, Romaneko, and Kharauffa. The
empirical method recommended for estimating the ETo rate in Sumbersari District are Turc
and Hansen method, which are The Turc and Hansen method showed excellent performance
with RMSE, MAE, NSE, and C values for the Turc method, are 0.12, 0.11, 0.78, 0.92
respectively, and for the Hansen method, are 0.12, 0.1, 0.8, and 0.89 respectively.

The performance of empirical method can be improved through modification by
calibrated the Constanta with large time series data and based on climatic condition of study
area. The choice of method can be based on the availability of meteorological data in the study
area and simple method.
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