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FAO-Penman-Monteith Tabriz and Rasht. ET, has been estimated using two random forests (RF)
and random forests optimized with genetic (GA-RF) algorithms. The
. parameters used in both stations include the combination of daily land
Remote Sensing surface temperature (LSTqay), nightly land surface temperature (LSTnigh)
” - - and average land surface temperature at night, and day (LSTmean). The
Correspopdmg auj[hor. ) obtained results indicated that LSTmean has an excellent ability to estimate
s.samadian@tabrizu.ac.ir ETy in both stations. In Tabriz station with a semi-arid climate, GA-RF-7
model with RMSE=0.516 and in Rasht station with a very humid climate,
the GA-RF-5 model with RMSE=0.868, have the best performance among
the studied models. Moreover, the evaluations revealed that the temperature
of the earth's surface at night is as important as the temperature of the
earth's surface during the day, and by combining these two parameters,
satisfactory results may be obtained.
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surface resistance of 70 s.m-1, a height of 0.12
m, and an albedo of 0.23. Penman-Monteith
FAO-56 (P-M FAQO-56) approach is the most
commonly used method for calculating ETo. In
spite of the fact that FAO-PM is achievable, its
implementation remains inconvenient because it
requires a large amount of meteorological data,

Introduction

Water resources management, especially
irrigation practices, is heavily reliant on
reference evapotranspiration (ETo). ETo is the
rate of evaporation and transpiration from a
standard reference surface with a presumed

Environment and Water Engineering Ol owiige 5 oy jlare

~

Vol. 9, No. 3, 2023 VEY 50l P ojlas Aoy S

EWE


https://doi.org/10.22034/ewe.2022.366189.1815
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:s.samadian@tabrizu.ac.ir
mailto:s.samadian@tabrizu.ac.ir
http://creativecommons.org/licenses/by/4.0/

Y#A

Talebi et al.2023

spite of the fact that FAO-PM is achievable, its
implementation remains inconvenient because it
requires a large amount of meteorological data,
which is derived from standard meteorological
observation stations. In the absence of complete
climate data, it is highly desirable to have a
model with fewer input climatic dates. Therefore,
remote sensing methods have been used and
improved over time to estimate ETo at various
spatial scales. Alternatively, it has been observed
that the research community has become
increasingly interested in obtaining data from
metaheuristic algorithms that are based on
artificial intelligence (AI). In the current
research, considering the different combination
of day, night and average land surface
temperature parameters by means of two data-
driven models of random forest (RF) and random
forest optimized with genetic algorithm (GA-
RF), in two semi-arid climates and very humid,
daily reference evapotranspiration (ETo) should
be modeled. The accuracy of the model was
determined based on different combination of
remote sensing data in ET, estimation in both
evaluation stations and the best input
combination of land surface temperature data
suitable for the studied climates. Also, the
applicability and limitations of the parameters
used in both stations were evaluated.

Material and Methods

In order to estimate daily ETy in two stations of
Tabriz and Rasht, the input variables of land
surface temperature day (LSTaay), land surface
temperature night (LSThien) and mean daily and
nighttime land surface temperature (LSTmean) Of
MODIS sensor were used in the years 2003-
2021. Also, the FAO-PM standard method was
considered the base method for calculating daily
reference evapotranspiration. The models include
the random forest (RF) and hybridized RF with
genetic algorithm optimization (GA-RF). In this
research, the land surface temperature (LST)
product of Terra and Aqua satellites has been
used. The LST product extracted from the
mentioned satellites has a spatial resolution of 1
km, which is available daily. LST using
MYDI11A1 and MODI11A1 products is available
as a day and night product with a spatial
resolution of 1 km. Three types of LST were
tested to evaluate ETy estimation model based on
remote sensing. The first model uses the
combination of Aqua and Terra products during
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the day (LST4ay), the second model uses the
combination of Aqua and Terra products used at
night (LSThign), and the third model uses the
average LST day and night (LSTiean). In the
present study, RF and RF-GA models were used
to estimate daily reference evapotranspiration in
two stations of Tabriz (semi-arid climate) and
Rasht (very humid climate) with the combination
of different land surface temperature inputs. and
their accuracy was evaluated. The data set used
to build the model includes 6940 data (2003-
2021), 70% of the data (2003-2016) for the
training stage and 30% of the data (2017-2021)
for the testing stage.

Results

The input parameters for each model are: daily
land surface temperature, nightly land surface
temperature and average daily and nightly land
surface temperature. Seven possible scenarios to
estimate daily reference evapotranspiration are
evaluated each with a different set of input
parameters. The first three scenarios are
considered as single parameters, scenarios four to
six as two parameters, and finally scenario seven
as all parameters (three parameters). The results
obtained for the RF model show that the value of
R? in Tabriz station ranges from 0.891 to 0.913
and in Rasht station from 0.799 to 0.838. The
value of R? in ET, estimation with GA-RF model
varies from 0.896 to 0.915 in Tabriz station and
from 0.807 to 0.846 in Rasht station. Also, the
evaluation results show that, in the models that
estimate ETo, with one parameter, the average
temperature of the earth's surface in both stations
has the best performance. so that; GA-RF-3 and
RF-3 perform best in both stations compared to
models GA-RF-1, RF-1, GA-RF-2 and RF-2.
Therefore, the average daily and nighttime
temperature of the earth's surface has a positive
effect on the estimation of daily reference
evapotranspiration. Also, according to the
results, RF-2 and GA-RF-2 models perform
better than RF-1 and GA-RF-1 models in both
stations. Therefore, the temperature of the earth's
surface at night (LSThign) has a more suitable
function than the temperature of the earth's
surface during the day (LSTgs). In the
investigation of Tabriz station (semi-arid
climate), the results show that GA-RF-7 model
considering three input parameters (LSTday,
LSThigh, and  LSTmean) with  R*=0.915,
RMSE=0.516, 25.128 MAPE=0.012 and
MBE=0.012 had the best performance among
other models. Also, the weakest performance is
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for the RF-1 model considering an input
parameter (LSTay) with R2=0.891,
RMSE=0.853, MAPE=27.211 and MBE=0.017.
In addition, the results related to Rasht station
(very humid climate) show that the GA-RF-5
model has the best performance with R*=0.846,
R?=0.868, considering two Word parameters

—o—ET0 (FAO_PM)
6 Q

B~ O

ET, (mm.day™)
(98]

2

1

—o—ET0 (GA-RF-7)

(LSThight, LSTmean). It has RMSE, MAPE=44.852
and MBE=0.215. Also, the weakest performance
in Rasht station is for RF-1 model with
R?=0.799, RMSE=0.992, MAPE=49.680 and
MBE=0.247. According to the results, Fig. (1)

shows the best estimate of ET, in Tabriz station.
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Fig. 1 Estimation of daily ETy with GA-RF-7 model in Tabriz station: a) Training, b) Testing

Conclusions

The results showed that in Tabriz station with
semi-arid climate, GA-RF-7 model with
combination of LSTgay, LSThen and LSTmean
input parameters with R*=0.915, RMSE=0.516,
MAPE=25.128 and MBE=0.012 It had the best
performance among other models. Also, in Rasht
station with very humid climate, model GA-RF-
5, taking into account the two word parameters
LSThight and LSTiean, has the best performance
with R?=0.846, RMSE=0.868, MAPE=44.852
and MBE=0.215 shows. According to the results,
in Tabriz and Rasht stations, respectively,
LSTmean With a correlation of 0.792 and 0.604 has
the highest correlation with the reference
evapotranspiration obtained from the FAO-
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Penman-Monteith equation. According to the
obtained results, the GA-RF model has a more
accurate estimate than the RF model in both
stations and is recommended for accurate
estimation of daily reference evapotranspiration.

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 2 Remote sensing data information
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Table 3 Number of missing and available images for two stations

Climate Day Night
satglh Aqua Terra Aqua Terra
B Missin  Availabl Missin  Availabl Missin  Availabl Missin  Availabl
g data e data g data e data g data e data g data e data
Semi-arid 2815 4125 2590 4350 2894 4136 2804 4046
Vvery- 4558 2382 4586 2354 4726 2214 4761 2179
humid
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Fig. 3 Overview of the random forest method (Hashemi et al. 2022)
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Table 4 statistical characteristics of the data used

Station Parameter Unit Maximum Minimum  Average géi?i?;i
LSTay C 48.69 -10.71 23.08 13.75
Semi- LSThight C 29.53 -19.81 6.33 10.63
arid LSTmean C 36.84 -13.35 14.70 12.05
ET, mm day 477 0.17 1.94 1.28
LSTaay C 41.71 0.77 24.99 8.22
Very- LSThight oC 27.87 -1.89 12.63 7.16
humid LSTmean C 33.17 0.05 18.81 7.49
ET, mm day! 7.58 0.21 2.31 1.55
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Table 5 Statistical results of training and testing section for semi-arid and very humid climates based on random
forest model optimized with genetic algorithm (GA-RF) and random forest (RF)

Model R? RMSE NS MAPE MBE
Training Testing Training Testing Training Testing Training Testing Training Testing
Semi-Arid Climate
RF-1 0.907 0.891 0.524 0.583 0.823 0.792 25483 27211 0.002 0.017
RF-2 0.919 0.905 0.490 0.547 0.845 0.817 27.253 30548 0.008 0.032
RF-3 0.925 0.908 0.474 0.537 0.855 0.824 23.791 26345 0.007 0.026
RF-4 0.940 0.913 0.425 0.523 0.884 0.833 21.526  24.851 0.003 0.007
RF-5 0.937 0912 0.437 0.527 0.877 0.831 21.879 24945 0.004 0.009
RF-6 0.936 0.910 0.438 0.531 0.876 0.828 21.875  25.036 0.003 0.012
RF-7 0.938 0.911 0.433 0.529 0.879 0.829 21.735 24992 0.003 0.011
GA-RF-1 0.937 0.896 0.434 0.569 0.879 0.803 17.685  27.016 0.004 0.017
GA-RF-2 0.946 0.908 0.404 0.536 0.895 0.824 19.823  29.896 0.003 0.029
GA-RF-3 0.964 0.911 0.334 0.530 0.928 0.829 13.971  26.089 0.001 0.023
GA-RF-4 0.987 0.913 0.207 0.523 0.972 0.833 10.024 25412 0.001 0.017
GA-RF-5 0.987 0.915 0.207 0.517 0.972 0.837 10.119  25.462 0.001 0.014
GA-RF-6 0.987 0.914 0.207 0.518 0.972 0.836 9.995 24.869 0.001 0.009
GA-RF-7 0.987 0.915 0.206 0.516 0.973 0.837 9.981 25.128 0.002 0.012
Very Humid Climate
RF-1 0.823 0.799 0.939 0.992 0.673 0.590 40.873  49.680 0.047 0.247
RF-2 0.836 0.816 0.906 0.933 0.695 0.638 43258  52.353 0.041 0.205
RF-3 0.849 0.830 0.875 0914 0.716 0.652 39416  47.722 0.053 0.227
RF-4 0.868 0.832 0.823 0.929 0.748 0.641 37282 47277 0.046 0.255
RF-5 0.870 0.836 0.818 0.912 0.752 0.654 36996  46.681 0.046 0.245
RF-6 0.871 0.838 0.814 0.912 0.754 0.654 36.835  47.024 0.044 0.255
RF-7 0.869 0.838 0.819 0.913 0.751 0.653 36938  46.850 0.045 0.259
GA-RF-1 0.936 0.807 0.583 0.962 0.874 0.615 21916  48.250 0.011 0.226
GA-RF-2 0.933 0.826 0.599 0.900 0.867 0.663 25.723 51.179 0.007 0.184
GA-RF-3 0.961 0.840 0.469 0.883 0.918 0.676 19.293  46.344 0.022 0.217
GA-RF-4 0.976 0.846 0.385 0.864 0.945 0.689 16.574  44.964 0.014 0.206
GA-RF-5 0.976 0.846 0.382 0.868 0.946 0.687 16.556  45.852 0.017 0.215
GA-RF-6 0.977 0.844 0.387 0.878 0.947 0.679 16386  45.528 0.016 0.224
GA-RF-7 0.977 0.846 0.382 0.870 0.946 0.685 16290 45310 0.018 0.217
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(GA-RF): a) Training phase in semi-arid, b) training

phase in semi-arid, ¢) testing phase in semi-arid, and
d) testing phase in very humid climate
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