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In the present research, three data-driven models including M5P, REP tree,
and random forest were used to estimate daily reference evapotranspiration.
The abilities of these three models to estimate reference evapotranspiration
were studied in single and combined modes. To this end, the daily
meteorological data of five synoptic stations in Kerman province in the
period from 2000 to 2020 were used. A combination of meteorological
variables, using sensitivity analysis versus the reference evapotranspiration
values obtained from FAO-Penman-Monteith, was considered as input for
each of the mentioned models. Finally, the accuracy of the mentioned
models and empirical methods in estimating the evapotranspiration of the
reference plant were compared using statistical indicators, and the superior
model was selected. The results of validation data showed that the M5P
model in the form of individually (RMSE = 0.083 and NS = 0.998 in Bam
station) and the weighted averaging in the form of the ensemble (RMSE =
0.155 and NS = 0.994 in Bam and Sirjan stations) in all stations had better
results for estimating evapotranspiration rates than other methods. In
general, tree models, especially M5P, had better results in estimating daily
evapotranspiration than empirical models.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

ecosystems are highly dependent on climatic

Iran is a country with an average rainfall of 250
mm and is classified as an arid and semi-arid
region of the world. Limited water resources and
lack of proper quality water are the main
problems of agriculture in the country; therefore,
finding a solution to overcome water shortage in
these areas is always a research priority. Water
demand and consumption in agricultural
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parameters. In planning and managing water
resources for irrigation, there is a need to analyze
hydrological variables such as precipitation and
evapotranspiration. Therefore, the management
of limited water resources, especially in the
agricultural sector, which has the largest share
among different consumers, is one of the main
concerns of the country's water and agriculture
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Evaluatin Models in Estimating Reference Evapotranspiration

managers. Evapotranspiration as one of the
important components of the hydrological cycle
has a great role in studying the balance of
catchments. In calculating the water requirement
of plants, first, the amount of reference
evapotranspiration is calculated, and then with
the help of it, the amount of evapotranspiration is
calculated for each plant.  Reference
evapotranspiration can be measured directly
using lysimeters or can be calculated from the
proposed empirical equations such as FAO-
Penman-Montith, but time-consuming, has
relatively high costs, construction problems, and
the need for high accuracy limit their use. These
methods range from complex equations that
require a lot of meteorological data to simple
equations that require less data. Many
researchers around the world have introduced the
FAO-Penman-Montith method in comparison
with the lysimeter as the most accurate method
for estimating the evapotranspiration of the
reference plant. In recent years, black-box and
data-based methods have been significantly
developed in solving water engineering problems
where there are enough data to estimate the
model. The intelligence methods are considered
valid methods in modeling complex and
nonlinear processes. Hence, artificial neural
networks as a new method that has great
potential in modeling complex and nonlinear
processes can be used to  model
evapotranspiration. Capture the physical process
governing the system and only with the help of
input and output data is able to establish a
relationship between them. In recent years,
machine learning methods have been used in
various parts of water engineering, including
evapotranspiration estimations. The aim of this
research is to estimate accurately the
evapotranspiration values of the reference plant
using three data-driven methods including
random forest (RF), M5P, and REP tree model in
both single and combined modes. Also,
comparing the accuracy and performance of the
mentioned tree methods, and empirical models
(Hargreaves-Samani, Turk, and Albrecht) and
proposing the most accurate method is one of the
approaches of the current research.
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Material and Methods

Data from five synoptic stations of Kerman
province (2000-2020) were used to estimate the
values of reference evapotranspiration. As
mentioned, the FAO-Penman-Montith model was
considered the basic method for the validation of
other methods. Also, three types of empirical
methods including Hargreaves —Samani based on
temperature, Turk based on radiation, and
Albrecht based on mass transfer were evaluated
individually and in combination with each other.
Furthermore, three tree-based models including
M5P Tree, Random Forest (RF), and REP Tree
were used for modeling reference
evapotranspiration. For a given data set, one
method may outperform another, and sometimes
the results may be quite the opposite. In order to
enjoy the benefits of all methods and not lose the
generality, a hybrid model uses the single output
of all techniques. In this study, ensemble
modeling was conducted via linear simple (SA)
and weighted (WA) averaging methods. So,
using sensitivity analysis of meteorological
variables, one combined scenario for each station
was defined. 70% of the data were used for
calibration calculations and the residual (30%)
data were utilized for validation by implementing
Weka software. Eventually, statistical criteria
including root mean squared error (RMSE) and
Nash-Sutcliffe coefficient (NS) were utilized to
evaluate the capabilities of each mentioned
method in predicting reference
evapotranspiration values.

Results

The results of the sensitivity analysis were the
same in all stations therefore only one scenario
was defined for each of the five stations and the
work process proceeded with the definition
scenario. The predominant variables in
estimating evapotranspiration were minimum
temperature, sunny hours, average temperature,
wind speed, and solar radiation. The obtained
results showed that the M5P model in all stations
indicated the best results in the survey of the
reference evapotranspiration. In the next
position, the RF model and REPT had
considerable outcomes. Regarding empirical
equations, Hargreaves- Samani was the superior
model in all stations. The best estimate related to
the M5P model is in Bam station with RMSE =
0.083 and NS = 0.998. The weakest prediction is
depending the TU method in the Kahnuj station
with RMSE = 4.872 and NS = -2.554. Fig. 1
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shows the RMSE values related to each model in

all studied stations.
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Fig. 1 The RMSE values in the studied stations
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The obtained results showed that the

performance of all models was more suitable for
Bam and Baft stations with drier climates than
the other three stations based on De Martonne
climatic classification. The results of the tree-
based models compare to empirical models were
noticeable. Between empirical models, HS had
more reasonable predictions than TU and AL.
Additionally, among ensemble models: SA and
WA, both of them had close performance (Only
in some cases the performance of WA was better
than SA). It can be explicitly claimed that after
the M5P, the SA; provided a precise prediction
of the reference evapotranspiration values.

Conclusions

Calculating and forecasting the exact amount of
daily evapotranspiration and consequently,
accurate estimation of water requirements of
plants provide the basis for proper design of
irrigation  facilities and while  reducing
implementation costs, provide a suitable program
for the use of water resources in irrigation and
agriculture. Accordingly, the ability and the
accuracy of intelligent learning methods of the
M5P tree model, random forest, REP tree as well
as empirical methods based on temperature,
radiation, and mass transfer to obtain reference
evapotranspiration at five meteorological stations
located in Kerman province in the form of single
and combined were evaluated. The obtained
results were compared using statistical
parameters and the superior model was selected.
Finally, using the results, it was shown that: 1)
The overall results of this study showed the
effectiveness of hybrid modeling for predicting
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reference  evapotranspiration. 2) In the
comparison of the results between the models in
single and ensemble mode, M5P and WA;
models had the highest accuracy compared to
other methods. 3) The performance of tree
models in the ensemble mode compared to
empirical models was still evaluated as suitable.
Although, with lower performance of individual
models, more space for improvement can be
created by ensemble models, higher performing
individual models lead to the most accurate,
efficient, and reliable new modeling in the
combined mode. 4) TU and AL equations
underestimated  reference  evapotranspiration
values in all studied stations. The obtained
results in the verification phase indicated that the
standalone M5P method (RSME = 0.083 and NS
= 0.998 in Bam station) and the weighted
averaging method of tree models (RMSE = 0.155
and NS = 0.994 in Bam and Sirjan stations) in all
studied stations have had better results in
estimating reference evapotranspiration values.
Meanwhile, the tree models especially M5P,
provided more accurate estimations of reference
evapotranspiration in comparison with empirical
equations.

Data Availability

The data can be sent on request by the
corresponding author via
s.samadian@tabrizu.ac.ir email.
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Table 1 Geographical profile table of the studied

station

Elevation
Station Latitude  Longitude  fromsea  Climate

level (m)
Baft 29023 56° 60’ 2280 Semi-

arid
Bam 20000 58034 1050 "URer
Sirjan 29045’ 55067 1766 Tropical
Kerman 30028’ 57°07 1756 Tropical
Kahnuj 28° 05’ 57°75' 508 Tropical
54°0'0"E 57°0'0"E

z
£

33°0'0"N

i
30°0°0"N

27°0'0"N

Kilometers.
160 240 320

0 40 80

54°0'0"E 57°0"0"

‘slboli».w.:‘ 9 QLA; QLM..:‘ @u‘)o Maxgjﬁ -\ J.i..u
axJlas ..5)9,0

Fig. 1 Geographical location of Kerman province and
studied stations
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Table 2 Empirical equations studied

ETo equations Abbreviation

Meteorological
inputs

Formula

Benchmark model
FAO- Penman- Monteith

(Karimi et al. 2020) FAO56-PM

Temperature-based
Hargreaves-Samani HS
(Djaman et al. 2015)

Radiation/humidity-based
Turc TU
(Djaman et al. 2015)

Mass transfer-based
Albrecht AL
(Muhammad et al. 2019)

Tmean, RS, UZ, RH

Tmean, Tmax, Tmin

Tmean, Tmax, Tmin,
Rs, RH

Tmax, Tmin, Tdew,
U2

ET,

900
0.408A(Ry = G) +y ——1573 Ua(es — €a)

A+y(1+0.34U,)

ETy = 0.0023Ry(Trean + 17-8)Trax — Timin

Tomean  23.8856Rs + 50

ET, = a;0.013
0=dr Troan + 15 2

50 — Ry

R =1
n <50-ar + 70

ETy = (0.1005 + 0.297U,)(es — e4)

Sk J3b a4 LS b — G «(MImiday) alS ide mhw o oalls Ll <= Ro«(mmiday) ez ,o ol G,m5 s «— ETo
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Table 3 Sensitivity analysis results
Station Error Tmin Tmax n Tmean U, RH Tap Rs All
term °C °C hr °C m/s % °C MJ/m?/day  Variables

Baft RMSE 0.250 0.103 0.155 0.189 0.218 0.106 0.104 0.284 0.103
Bam RMSE 0.244 0.082 0143 0.206 0.234 0.086 0.086 0.302 0.101
Kahnuj RMSE 0.383 0.120 0.152 0.263 0542 0.128 0.127 0.315 0.131
Kerman RMSE 0330 0.102 0.151 0.272 0321 0.099 0.097 0.311 0.101
Sirjan  RMSE  0.290 0.125 0.160 0.240 0.417 0115 0.121 0.304 0.124
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Table 4 Evaluation of the models performance in the testing phase

Evaluation Criteria

Evaluation Criteria

Station Model

Model

RMSE Ns RMSE Ns

HS 0.491 0.926 MS5SP 0.102 0.997

Baft TU 3.141 -2.018 RF 0.189 0.988
AL 3.236 -2.202 REPT 0.274 0.976

HS 0.526 0.940 MS5SP 0.083 0.998

Bam TU 3.775 -2.054 RF 0.190 0.992
AL 3.943 -2.333 REPT 0.324 0.977

HS 0.853 0.841 MS5SP 0.112 0.997

Sirjan TU 3.691 -1.970 RF 0.208 0.991
AL 3.677 -1.948 REPT 0.329 0.976

HS 0.564 0.932 MS5SP 0.092 0.998

Kerman TU 3.708 -1.925 RF 0.193 0.992
AL 3.549 -1.680 REPT 0.319 0.978

HS 0.772 0.910 MS5SP 0.121 0.997

Kahnuj TU 4.873 -2.554 RF 0.278 0.988
AL 3.949 -1.336 REPT 0.472 0.966
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Fig. 2 Charts of temporal variations dew point temperature values using different methods at stations of: a) Baft,
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Fig. 3 Scatter plots of evapotranspiration using MSP model at: Baft, b) Bam, c) Sirjan, d) Kerman, and €)
Kahnuj stations

(<)

RMSE (mm/day)
w

NS

mBaft @Bam mSirjan ®Kerman OKahnuj

0)5—‘;-3 5 eolprion sl o d)ui slasls polas - S
Fig. 4 The values of the statistical indices of the

proposed models in predicting evapotranspiration: a)
RSMEand b) NS

Environment and Water Engineering

oo 5 L Sl ye (1255l jd> jlade 55 (F) S0 50
T 2 0 ol o 51 S e Sl -2
Al oo cdaline JHB glaigs logoi LB o oK)
MBP sla Jos w5 oo ali>dle (F) JS5 51 a5 jshailon
ShIs AL s TU 25 sle Jow 9 o5 sl REP s RF
7 sLabe, S HS Jos (izmen ol 0l slla>
Ailbige S sl Gl s (o () 99 A S
3 Jeole ol b odel cavods gl ganslas (uluol ol 5
olas a5 Mikaeili and Samadianfard (2022)  zes3
sla ol )b olas U il sfs] ;o MBP o aisls
oSl jdz 1AV L plp (Shcen oy 5 (oolilsn
5 sLagis, Ly iy <Y+ sUs Sl e
St @S ool 9 S,y oSS S Slle 5 5 )ls
cille clarils oL ailye, 5 m- o polde fpedd o
=75 OYolse s j0 45 Wo,S 5,158 doren )
slbs Sl 25w 3 LHS Jow sasas 55 )54,
adolee o 55 lyean el Gyt 5o IOYA L il
bl b asdlhas 0l bl ol pogdle ol aslils o ,20

ls cmwlie 3ollas Karimi et al. (2020) g3

u‘wwsw)h&m

Vol. 9, No. 2, 2023

IR

EWE

VFe¥ QL&JAAJL‘Y A) " A 0)50


bshahmorady@gmail.com
Typewritten text
267


YZA

@) Jguz il a5 010 sl jig, b auslio jo Uas
gy 90 3 edliiul b (S 5 siludse 5l Jeol> gl
oyl b (25 Slaghy,y sln Ly (s 5 0ol (6525 HeKilee
B30)5 9 )3k ohead Voojlad b (550 gla o 5 )

3o ol 1) (oS 5 sl e 51 S5 0

=Sy by gilw o -Y-Y
HB S ls el (oo sl amx slane 425
055055 Jlas slyr a5 ol s Lol oy adl| (solozsl
aws &l gelie mls cl e B sl o
Sl b (mls Gl slos So) 5l (55 onlnle

oo Aoy oS 5 sle Jow o Slee bl s -0 Jeux
Table 5 Evaluation of the ensemble models performance in the testing phase

Evaluation Criteria

Station Model Model Structure RMSE NS
SA: 3-1 2.144 -0.406
Baft WA, 0.180, 0.329, 0.428 2.623 -1.104
SA; 3-1 0.162 0.991
WA, 0.336, 0.333, 0.329 0.162 0.991
SA; 3-1 2.612 -0.462
Bam WA, 0.176, 0.386, 0.438 3.201 -1.195
SA; 3-1 0.166 0.994
WA, 0.336, 0.334, 0.329 0.155 0.994
SA; 3-1 2.407 -0.264
Sirjan WA, 0.176, 0.414, 0.409 2.999 -0.962
SA; 3-1 0.156 0.994
WA, 0.336, 0.334, 0.329 0.155 0.994
SA; 3-1 2.341 -0.166
Kerman WA, 0.205, 0.424, 0.370 2.837 -0.712
SA; 3-1 0.165 0.994
WA, 0.336, 0.334, 0.329 0.164 0.994
SA; 3-1 3.653 -0.998
Kahnuj WA, 0.189, 0.532, 0.278 4.258 -1.715
SA; 3-1 0.241 0.991
WA, 0.338, 0.335, 0.327 0.239 0.991
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