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Reference evapotranspiration (ETo) is considered one of the important variables in
hydrology and agricultural science and is a determining factor in water resources
management. This study investigates a hybrid model of an artificial neural network with
an artificial rabbit optimization algorithm (ANN-ARO) for daily modeling of ETo with
limited meteorological parameters. It compares it with other hybrid methods, i.e. ANN
with a particle optimization algorithm (ANN-PSO). ANN with genetic algorithm (ANN-
GA) and five different data mining models. These models were evaluated using long-
term daily climate data from 2000 to 2023 in two climates. The investigated stations
included Birjand (with a desert climate) and Mashhad (with a cold semi-arid climate).
The statistical comparison showed that considering all climatic parameters, the hybrid
ANN-ARO model in Mashhad city with R?=0.9986 and MSE=0.0001 and in Birjand city
with R?=0.9986 and MSE=0.0001 gave better estimates than other methods. In addition,
the ANN_ARO optimization algorithm has the best estimation with "temperature” and
"relative humidity" by considering the minimum meteorological parameter, and also by
considering two and three input parameters, it performs better than other methods. In
general, nature-inspired optimization algorithms are powerful tools to enhance the
performance of ANN in ETo simulation. According to the results, the ANN-ARO model
is highly recommended for estimating ETo in similar climate regions with limited climate
data. This study proposes powerful models for accurate estimation of ETo with limited
inputs in arid and semi-arid climates, which provide practical implications for the
development of precision agriculture.
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EXTENDED ABSTRACT

Introduction: Water scarcity is a global concern and affects various aspects of human life. Due to the excessive
use of water in the agricultural sector, Iran is facing a sharp decrease in the water level, and many experts believe
that water management in Iran is not good enough. Accurate estimation of reference evapotranspiration (ETO) is
essential for agricultural water management, crop productivity, and irrigation systems. The Penman-Monteith
equation (FAO 56) is widely recommended worldwide as the standard ETo estimation method. However, direct
measurements of ET are severely limited by enormous costs and technical complexity, thus making it highly
meaningful to explore alternative simpler models for acceptable ETo estimation. On the other hand, meteorological
data may often be incomplete, which requires models with minimal inputs. With the development of computer
technology, the application of the Intelligence Optimization Algorithm (IOA) has been greatly expanded in various
fields. The successful use of optimization algorithms in the field of ETo estimation points to the efficiency of IOA
methods around the world. Although there is great potential in the field of ETo estimation using the IOA technique,
research shows that they show different performances mostly due to unique strategies. Therefore, it is necessary to
compare and evaluate different IOA to achieve better results.

Methodology: In this study, the artificial rabbit optimization (ARO) algorithm is used to optimize the artificial
neural network model for ETo estimation using the minimum climatic parameters. ARO evolutionary algorithm
provides optimal solutions by identifying the best participants in the search region and fast convergence. To this
end, an ANN with an aARO for predicting water productivity was optimized. The study area is Mashhad city,
the capital of Razavi Khorasan province, with a cold semi-arid climate, and Birjand, the capital of South
Khorasan province, with a desert climate. The FAO Penman-Monteith method was used as a standard method
for calculating ETo due to its suitability for different climatic regions. The required meteorological data
included temperature (minimum, maximum, and mean), wind speed, 24-hour precipitation, mean relative
humidity, sunshine hours, received net radiation, mean station level pressure, and mean vapor pressure, daily.
The artificial rabbit hybrid optimizer (ARO) algorithm was selected in combination with the neural network
model and its efficiency in estimating ETo with minimal meteorological parameters was investigated. In
addition, to evaluate the proposed ANN-ARO model, other data mining methods such as linear regression (LR),
pure quadratic regression (PQ), interactive regression (IR), random forest regression (RFs), nearest neighbor
regression (KNN) and models A combination of ANN with genetic algorithm (ANN-GA) and ANN with
particle optimization algorithm (ANN-PSO). The input components to the model are a single parameter
including temperature, relative humidity, wind speed, and net radiation; two parameters including temperature
and net radiation; four parameters including temperature, net radiation, relative humidity, and wind speed were
used and finally the complete parameters were used.
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Results and Discussion: Overall, similar results were obtained in both stations. The comparison between different
models showed that the performance of hybrid artificial intelligence models was generally superior to other data
mining models. Besides, among other data mining methods, pure quadratic regression models, random forest
regression, and nearest neighbor regression had the best results, except for the C7 combination, where random
forest regression and nearest neighbor regression models performed better. Among other hybrid models, ANN-GA
and ANN-PSO models, which have been used by many researchers, both performed well in estimating ETo with
full meteorological parameters, while the results of this research show that under conditions Faced with limited
meteorological parameters, ANN-GA and ANN-PSO hybrid models have much weaker performance than ANN-
ARO. In general, the ANN-ARO model used in this study showed a good performance in estimating ETo,
especially with single meteorological data input (C1-C4), while for the conditions where only the temperature
parameter was used (C1), this model showed higher accuracy in promising and more stable ability to estimate ETo,
and the combination of C5 and C6 with the combination of meteorological parameters were more suitable input
combinations in terms of model strength and limited model input.

Conclusion: The comparison of different climate inputs showed that the estimation accuracy of the models
applied by including more input variables and four inputs (temperature, solar radiation, relative humidity, and
wind speed) produced the best estimates for each method. The comparison also showed that temperature has a
greater effect on ETo estimation in the investigated climates, while other parameters such as relative humidity,
net radiation, and wind speed at inputs have less effect on ETo estimation. The ANN-ARO can be used to
accurately estimate ETo rates based on minimal meteorological parameters, in different climates, especially in
areas with scarce water. The prediction of ETo based on the division of input data based on the day of the year,
which was used in the present study, is a new approach that has been investigated in a recent study. The possible
reason behind this could be due to fluctuations in the range of weather variables during summer and winter
compared to spring and autumn. This approach can be further investigated in future studies.
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Table 2- Average meteorological parameters used in the study areas
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Figure 1- Map of the geographical location of the studied areas
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Figure 3- Artificial rabbit optimization flowchart in combination with sequential quadratic programming (ARO-SQP)
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Table 3- Evaluation of different hybrid models and data mining in estimation of reference evapotranspiration using daily meteorological data in Birjand station

BEY
ANN-ARO ANN-PSO ANN-GA  KNN RFs ANN IR PQ LR S uis o9 e aid
0.0015 0.0025 0.0027 0.0030 0.0010 0.0014 0.0045 0.0026 0.0049 MSE
0.9749 0.9578 0.9541 0.9499 0.9425 0.9749 0.9226 0.9558 0.0918 R? Troeh - CL
0.0034 0.0046 0.0046  0.0001 0.0012 0.0031 0.0272 0.0073 0.0276 MSE
0.9470 0.9156 0.9238 0.8903 0.8788 0.9434 0.5191 0.8714 0.5149 R? nc
0.0058 0.0058 0.0061 0.0017 0.0022 0.0048 0.0506 0.0102 0.0517 MSE
0.9190 0.8930 0.8905 0.8252 0.8202 0.9105 0.0339 0.8227 0.2517 R? e e
0.0060 0.0057 0.0064 0.0008 0.0040 0.0049 0.0429 0.0096 0.0445 MSE N

0.9171 0.8900 0.8149 0.8027 0.8054 0.8964 0.6724 0.8055 0.4135 R

0.0001 0.0030 0.0028 0.0018 0.0030 0.0001 0.0071 0.0024 0.0072 MSE

Trins Tmax RS, N C5
0.9980 0.9493 0.9527 0.9691 0.9492 0.9980 0.8802 0.9600 0.8778 R

0.0001 0.0037 0.0035 0.0033 0.0045 0.0001 0.0054 0.0023 0.0076 MSE

Trin Tmax WS, RH, Rs, n C6
0.9978 0.9376 0.9422 0.9448 0.9256 0.9969 0.902 0.9616 0.8721 R? ’

0.0001 0.0033 0.0026  0.0031 0.0043 0.0001 0.0011 0.0011 0.0027 MSE

Tmins Tmax AT, AP, VP, RF, RH, SS, Rs, n Cc7
0.9996 0.9439 0.9554 0.9480 0.9269 0.9995 0.9817 0.9812 0.9548 R

S il e SR ¢ bl ceels 1SS (s Cugb,y pSile (RH el YF i)l RF o jlis Kk VP K] :3ke jLid AP (1 Sike slod (AT (Sl clod :TMax ¢ 3l slod :Tmin
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Table 4- Evaluation of different hybrid models and data mining in estimation of reference evapotranspiration using daily meteorological data in Mashhad station
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Figure 4- Mean squared error for predicted reference evapotranspiration data (output) compared to actual
evapotranspiration
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