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Abstract

In this study, fuzzy linear and fuzzy least-squres regression approach was
employed to estimate the monthly reference evapotranspiration of Neyshabour
plain. The data used, including maximum temperature (Tmax), Minimum
temperature (Tmin), Mean temperature (Tmean), relative humidity (RH), solar
radiation (Rs) and wind speed (U-), were obtained from synaptic meteorological
station of Neyshabour. Three different scenarios were designed to estimate the
evapotranspiration for either fuzzy linear or fuzzy least-squres regression
models. Mean absolute error (MAE), root mean square error (RMSE), and the
coefficient of determination (R?) were used to evaluate the performance fuzzy
regression models and its comparison with FAO-56 Penman-Monteith. Results
indicated that the fuzzy linear regression model in January and the fuzzy least
squares regression model in October had the highest and lowest accuracy with
R? of 0.903 and 0.502, respectively. Among the new proposed models, the fuzzy
linear regression under scenario FLR1 (Inputs included Tmax, Tmin, RH and Uy)
had the highest accuracy, however, in both regression models, despite having
lower input parameters (Tmean, RH and Rs), the second scenario, was comparable
with other and therefore it can be used in data deficit conditions as an optimal
approach in determining ET, for irrigation planning and water resource
management.

© 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

An accurate calculation of crop reference
evapotranspiration (ET,) is an essential task for
water resources projects planning and operation,
being involved in problems of water supply and
water management, as well as in the economics
of multipurpose water projects for irrigation,
power, water transportation, flood control,
municipal and industrial water uses, and
wastewater reuse systems. While lysimeters
afford the most accurate method for the direct
measurement of ET, they are costly and time-
consuming. Considerable research has been
undertaken to develop practical, low-cost
methods to accurately estimate ET,, and this has
yielded numerous approaches ranging from
empirical equations to data-driven models. As
such, the artificial neural network, adaptive
neuro-fuzzy inference system aswell as many
other approachs has been used to model
reference evapotranspiration.

In recent years, fuzzy regression (FR) techniques
have been broadly applied to hydrology as well
as water resources management and their ability
to do so accurately at different time scales, and at
a wide range of data, have been well
documented. The application of FR methods in
estimating the sediment load of rivers as well as
water table perediction have been well
documented. However, the application of the FR
technique to evapotranspiration modeling is
limited in the literature. Hence, the objective of
this paper is to assess the accuracy of monthly
ET, estimations wusing FR methods, in
Neyshabour, Razavi Khorasan, Iran when
compared with FAO-56 Penman-Monteith.

Materials and Methods

The Neyshabour plain located at longitude and
latitude, 35.40° to 36.39°N and 58.13° to
59.30°E. In this study, the fuzzy linear regression
(FLR) and fuzzy least square regression (FLSR)
approaches were evaluated in order to predict the
monthly ET, in Neyshabour plain which has
been compared with FAO-56 Penman-Monteith.
For this propose, meteorological data including
maximum  temperature  (Tma),  Minimum
temperature (Tmin), mean temperature (Tmean),
relative humidity (RH), solar radiation (Rs) and
wind speed (U.), were obtained from synaptic
meteorological station of Neyshabour. Moreover,
three different scenarios were designed to
estimate the evapotranspiration for either fuzzy
linear or fuzzy least-squares regression models as
described in Table 1.
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Table 1 Different scenarios of fuzzy regression
models for estimating evapotranspiration

Regression Scenario Input parameters

model

1 Tmax, Tmin, RH, UZ; Rs
FLR 2 Tmean, RH, Rs

3 Tmeana RH

1 Tmax, Tmin, RH, UZ; Rs
FLSR 2 Trmean, RH, Rs

3 Tmeana RH

FLR: Fuzzy linear regression; FLSR: Fuzzy least square
regression

Mean absolute error (MAE), root mean square
error (RMSE), and the coefficient of
determination (R?) were used to evaluate the
performance fuzzy regression models and its
comparison with FAO-56 Penman-Monteith. The
classic regressions compute only a specific
output value for each series of input data,
whereas fuzzy regression models estimate the
boundaries of possible values for the output

variables. Therefore, unlike the classical
regression, which was based on probability
theory, the fuzzy regression is based on

possibility and fuzzy sets theory. Fuzzy
regression analysis was first proposed by Tanaka
et al. (1982). Since membership functions of
fuzzy sets are often described as possibility
distributions, this approach is usually called
possibility regression analysis. The basic concept
of fuzzy theory of fuzzy regression is that the
residuals between estimators and observations
are not produced by measurement errors, but
rather by the parameter uncertainty in the model.
The fuzzy least squares regression (FLSR)
models aim to minimize the difference between
observed and calculated data, which was first
proposed by Savic and Pedrycz (1991), and
combined the least ordinary squares and the
method of minimizing fuzziness. In this study,
fuzzy linear and fuzzy least-squres regression
approach is employed to estimate the monthly
reference ET, in Neyshabour plain.

Results

Results indicated that the lowest R? and the
highest RMSE in both FLR and FLSR models
were observed in scenario 3 (FLR3 and FLSR3)
in which average temperature and relative
humidity were used as inputs of model. The
comparison of fuzzy regression models showed
that although the efficiency of FLR approach in
estimation of ET, is more appropriate,
nevertheless the highest R? and the lowest RMSE
for both fuzzy regression models (either FLR or
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FLSR) is observed in the spring. Thus, it can be
demonstrated that the FLR1 and FLSR1 fuzzy
regression models (with the highest R? and
lowest RMSE), which have similar inputs to the
required inputs of the FAO056-PM equation,
represents better performance than other
scenarios which indicated the critical effect of
wind speed and solar radiation in estimating the
evapotranspiration of the reference plant.

== FAO-PM56
- FLR 1
e FLR 2
=—v=FLR 3

ET, (ml/d)

== FAO-PM56
=& FLSR 1
= FLSR 2
== FLSR 3

& @"’8& VQ& ® 3002‘ 3&*?&&"

Month

Fig. 1 Comparison of estimated evapotranspiration
values by different fuzzy regression and FAO-

Penman-Monteith models: a) fuzzy linear regression

model and b) fuzzy least square regression model

Consistent with previous reports that indicated to
the better performance as well as higher accuracy
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in estimation evapotranspiration with models
including maximum and minimum temperature,
in the present study, the second scenario (which
included Tmen, RH, Rs) aws the most optimal
method in both data-driven models based on
fuzzy regression namly FLR and FLSR. The
fuzzy linear regression model in January and the
fuzzy least squares regression model in October
had the highest and lowest accuracy with the
coefficient of determination of 0.903 and 0.502,
respectively. Moreover, in autumn and winter,
the validity of fuzzy regression models in
comparison with FAO Penman-Monthith is
higher than the first half of the year. Morever, the
comparison of estimated evapotranspiration
values were made by different fuzzy regression
models and FAO-Penman-Monteith  were
presentded in Fig. 1. As can be seen, the fuzzy
linear regression model (FLR) has better
accuracy and less fluctuations in ETo estimation.

Conclusions

Among the new proposed models, the fuzzy
linear regression under scenario 1 (Inputs
included Tmax, Tmin, RH and U;) has the highest
accuracy, however, in both regression models,
despite having lower input parameters (Tmean, RH
and Rs), second scenario, is comparable with
other and therefore it can be used in data deficit
conditions as an optimal approach in determining
ET, for irrigation planning and water resource
management.

Data Availability
The data used in this research are presented in
the paper.
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