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Abstract
Introduction

Due to global warming, accurately estimating evaporation has become a key challenge in water resource
management, and due to the important role it plays in the withdrawal of water from human reach, it has always
attracted the attention of researchers. Therefore, modeling and awareness of the value of evaporation as one of
the hydrological variables is of great importance in agricultural research and soil and water conservation. Gorgan
was chosen for the study due to its proximity to the Caspian Sea with a humid climate and a higher rate of
evaporation than other cities. On the other hand, Shiraz has a hot and dry climate, is located in central Iran far
from water resources such as the sea, and has a lower evaporation rate. Kish also has a warm and humid climate
due to its proximity to the sea, with a lower evaporation rate than Shiraz but higher than Gorgan. Several
meteorological variables affect the process of evaporation and transpiration, and due to the complexity of the
evaporation parameter, a method with high accuracy should be used to determine them. Recently, artificial
neural network methods have become very popular among researchers due to their common use and the ease
with which they can solve complex problems. Therefore, many intelligent algorithms have been suggested to
find the best solution for complex engineering problems, as they can find optimal answers faster and more
accurately.

Materials and Methods
Artificial neural networks are designed based on inspiration from the memory and learning mechanisms in the

human brain. To train artificial neural networks, a set of valid input and output data is used based on the type of
problem. The accuracy of the network output depends on the amount of training data and how the inputs and
their features are processed. To design different scenarios for adjusting input data, the correlation values of the
data with evaporation were used. In this study, three synoptic stations with different climates, including Gorgan,
Shiraz, and Kish, were chosen. Three stations with different climates were used to better evaluate and repeat the
steps of the method so that the efficiency of the method could be more accurately assessed. Considering the
importance of the value of evaporation in nature, evaporation modeling with the ANN and its combination with
the COOT algorithm, which mimics the natural life of a COOT bird, was performed using five meteorological
parameters, including the minimum air temperature, maximum air temperature, wind speed, average relative
humidity, and sunshine hours on a monthly between 2000 and 2022. The dataset was divided into two phases:
training (70 % of the dataset) and testing (30% of the dataset). To evaluate the performance of developed models,
statistical indices of these models such as correlation coefficient (R), root-mean-square error (RMSE), Nash-
Sutcliffe coefficient (NS), and their graphical representations were compared with each other.

Results and Discussion

As mentioned, four models of ANN-COOT with varying input parameters were developed and compared to four
conventional ANN models. Statistical performances were calculated, and comparison plots were made in the
training and testing phases to find the most adequate model for the prediction of evaporation. Comparing of
obtained results from statistical indices for the testing phase revealed that the COOT-ANN4 model had the best
performance for Gorgan with the R, RMSE, and NS equal to 0.99, 8.19, and 0.99 respectively. Shiraz also
obtained values of the R, RMSE, and NS equal to 0.99, 18.43, and 0.98 respectively. Similarly, for Kish, the
values of the R, RMSE, and NS equal to 0.97, 19.36, and 0.93 respectively, have better performance than the
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other models. Compared with the results of different input combinations, the hybrid ANN-COOT model (ANN-
COQT4) at three stations was found superior with input combinations of Tmin, Tmax, SSH, RH, and WS.
Additionally, to evaluate the accuracy of developed models, Scatter plots, Violin plots, Relative error percent
plots (RE %), Taylor diagrams, and Histograms were drawn. By comparing the graphical representations, it can
be determined that the hybrid COOT with ANN4, namely the COOT-ANN4 model, has improved the artificial
neural network at Gorgan, Shiraz, and Kish stations.

Conclusion

The algorithm of COOT is an optimization algorithm that is generally used to solve optimization problems. As
observed from the overall performance of the results of the hybrid model in predicting evaporation, the objective
function was minimized. The results indicated that scenario four of the COOT-ANN4 hybrid model with input
parameters of minimum temperature, maximum temperature, sunshine hours, relative humidity, and wind speed has
better accuracy and performance at all three stations. In general, the findings of this study revealed that the COOT
algorithm can improve the artificial neural network (ANN) structure in any climate and provide a hybrid model
with higher accuracy and less error for modeling the evaporation parameter. Considering that the COOT algorithm
is powerful and efficient, it is better to use it in various fields to improve the performance and accuracy of models.
The testing results revealed that the lowest Root Mean Square Error RMSE (18.43, 19.36 and 8.19) and highest
coefficient of correlation R (0.99, 0.97, and 0.99), and the highest Nash—Sutcliffe Efficiency Coefficient (N-S)
(0.98, 0.93 and 0.99) attained by the ANN-COOT4 hybrid model (relative to other ANN and ANN-COOT models)
tested for three selected stations in Shiraz, Kish and Gorgan sites. Concerning the predictive efficiency, the
developed ANN-COOT hybrid model, improved the modeling performance at extreme points, which outperforms
the ANN model, indicating its capability in the prediction of monthly evaporation.
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Table 2- Different input patterns of the models
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Table 3- Parameters used for training ANN and COOT-ANN models
Model
ANN COOT-ANN
Model Parameter Value/Type Model Parameter Value
Network Type feed-forward back propagation Maxiter 1000
Number of Hidden layer (Neurons) 10 Pop Size 500
Data Division Dividerand Number of Hidden layer (Neurons) 10
Training function Adam Learning rate 0.001
Transfer function Layerl Relu P 0.1
Epoch 1000 NL 50
NC 450
|
i Tmin ;
g Tmax | E
i Dataset SSH E
: RH — O i
i | WS »| Training Data - 20— Testing Data E
E |_,_|_' AN j
1 No Artificial Neural Network (ANN) !
| — Are the results T !
¥ acceptable? !
i — - Optimization i
¥ —{ R, RMSE, NS \ (Wei‘g’hts & Biases) I
i */ Scatter Plot - i
! Yes e E
1 ———  Histogram plot i
i — Vialin Plot E
§ ‘ monthly evaporation " favlor Daeram . E
1 puadivkiie / Relative Error Percent plot : E

COOT-ANN Jue by g0 =Y JSG
Figure 2— Flowchart of the COOT-ANN model

Jols polie Py o Slaalie polie sl Oj gy oyl 5o
Sbe Jlaie P Shmlie polie ke Jlaie O ¢ Jse
ol odld 2laai N g Jao yoolio

cou gl -
S b gan (as 8d e plodl Gl adllae oyl
S5 wipeS ol 4 Canb a5 Pl was w26l
! dw > i liee (ilw e jelaiedy oS By
dy90 (owlidlon (glaodls il odlawl b ol > Bl Sty gipw
i) dop> Vo csiloie anlp ly 088 JE )y
5 oolatwl s dae VY fols Wodlsy &lale  Sloj (6w
lyr 238 AY ol 4y 20 Yo g ((2xiusls) b0l i
2 b &S s ((Prucono) ogeil s o edlitl
Sooolitwl booolatwl 2yse slaJie dSles o Jou>
ol 0d5 o3yl Cilisee slagy b > bl la asli
sloodls i (sl Gl ol ol sliisn
Wl g dineS slod slrodly  Siuwed pdlie I (3959
A o3luol pes b ol ey g o Gy o L8] Slelo
sl S5 ot sl om0 A5 T g ol

byl sl el by -0
slopasls jlens Qbal i cdd i b)) sy
5 Sl b Glialio plie Jogel duslie 55 5 s)bel
| Stamsed oy 3 Bl le o 05 ookl STy lages
“o8 cap 5 (RMSE) s ol (5L 4 R)
5 (Stad g0 88 Sl o] Juo iz (NS) " adSils
s Slaspo Sibe Ay 5 S5 2 o RSl 85 8

g

RV VTR SRS TV I

[ZfL.(0i —0)(R - P)I

n . M)
ie1(0; —0)2 XL (B, —P)?

i=1 (B —0)?

RMSE = (\Y)
n
NS — _ ?=1(0i - Pi)z (\‘u)
m.(0;,-0)?

! Correlation coefficient
2 Root mean square error
% Nash-Sutcliffe coefficient



Yﬂi UYV% UW‘\Z"" Jl.w cY b)l.o.w & 5)93/6155ui%x.}n;d)w‘).\ac\.&w/u‘)ws‘:o))ywnﬁ

YAA

ol cel g b cand polate pl 4 (Eotas uas S
255 (esian Gigh  (Sio (slaJio B

ol 04 00 Sl odls (SuisTy Jhges ¥ IS5 4o
mosly ()] ;5 oS conl (SBI,S Joges o9 (SaSly lages
Ol Mg e 03 inled amis g9y blE SSST ©)jg0q
On Sy plyiee LB cpl 69y p (ot muy b Ngd e
5 o 250 Sl )laged a4 aslie o) pasida ) e 5
Cuto  Situed &5 D9 0 dlanMo R (asls 455 s )
Joe Glp el 4w jo 53 p)lee sonyliw 4 bgye b
(Sgas was 84l Soln g bl jba s yun
S &S wmd o i 1y plSstunn Glaged F ISS .ol
S wis S b ol ly 5l (SIS age
L553| B e 9‘)9&5 &93 OJ.I ).) .39)(5»0 )154.3 LQOJ].) }I 4.996.’7‘00
Cygody (0908 joome g odly (slaoil (slny &ysod
o wlel p o 0gdb e 00l il edly slass b Sll,8
Lootpud Jho 9 (Somme e dSb wdel Conddy
o] A pd g B dwwlde JSlialie slaodld ;I ool
Gl Jlalis glodhy & Caws b Sl walizes
S plis 1y gy

P oo dspe dlp ogian Gher Sl g
Egas o Jio 5l ol s92)lw ¢l Sitpgiow ol
doje > byl slakee 4 g L] e @B
(S Sagim oS! gl Cul 0l L riwcous
2l bawlie )3 (gtae Ghgr Jio I pow o0l
COOT- Juo a5 o lis ¥ Joto s « ol slaybize
Cors pote b OBS lp ogell dbye > ANNA
b cluye :be Ay (28 5 (RE1/AY) (Stwon
5 RMSESIAINY) (50 (R=-/9) (5 b Sl
oS (R=1AY) (pyhe b 35 oS slp (NS=-/2A)
oy &l 1y wls e (NS=-/AY) 4 (RMSE=)4/Y¥)
s 5 GoS Gl oyl S o Ll bl Lol
e 1) 62959 e gy & ooyl (gl (Eotan uas
Sritg dSlos I wimd o )8 odlaiwl 5yge o (gilodenis
s gy epes g e > &S pl 4 dagi bl b5
g g o Cagby o8] Olebo i 9 akeS clod
o &l (sla Jao yST g i 38,80 Jolge lgieas oL
Gy o 1y Jeles cpl 563 S5 B W e
Gl Jie b cuSy jo cul dtwsly @oS jlwdigy w65l

COOT-ANN 9 ANN dth.M ‘5').' uyo)i 9 u»)’oi .»qj)ﬁ » Q)S.lo& d\h)laao -£ Jg.\»
Table 4- Performance criteria in the training and testing process for ANN and COOT-ANN models

095!

IrY

J.\a olilmg'l
NS RMSE R NS RMSE R
0.93 22.00 0.96 0.89 25.64 0.89 ANN1
0.95 17.70 0.98 0.92 21.91 0.96 ANN2
0.92 23.00 0.96 0.89 25.39 0.94 ANN3
0.94 19.12 0.97 0.92 21.43 0.96 ANN4 Es
0.97 14.45 0.99 0.94 17.94 0.97 COOT-ANN1 o5
0.97 13.40 0.99 0.94 18.41 0.97 COOT-ANN2
0.98 12.32 0.99 0.95 16.67 0.98 COOT-ANNS3
0.99 8.19 0.99 0.97 12.41 0.99 COOT-ANN4
0.92 35.10 0.96 0.93 32.69 0.97 ANN1
0.90 41.21 0.95 0.92 36.15 0.96 ANN2
0.89 42.96 0.95 0.92 36.59 0.96 ANN3
0.85 49.68 0.94 0.90 4071 0.95 ANN4 i
0.94 30.42 0.97 0.95 29.16 0.97 COOT-ANN1 S
0.96 24.41 0.98 0.96 26.49 0.98 COOT-ANN2
0.97 21.08 0.99 0.96 24.31 0.98 COOT-ANN3
0.98 18.43 0.99 0.97 20.39 0.99 COOT-ANN4
0.53 50.39 0.89 0.56 45.05 0.76 ANN1
0.50 52.24 0.84 0.59 43.48 0.78 ANN2
0.54 49.83 0.88 0.58 44.12 0.77 ANN3
0.21 65.71 0.68 0.79 31.17 0.89 ANN4 .
0.81 32.07 0.93 0.58 44.17 0.90 COOT-ANN1 o
0.75 36.80 0.90 0.61 42.71 0.81 COOT-ANN2
0.80 32.73 0.92 0.64 41.10 0.82 COOT-ANN3
0.93 19.36 0.97 0.80 30.22 091 COOT-ANN4
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Figure 3— Scatter plots of observed values compared to calculated values in testing phase of fourth scenario (a: Gorgan, b: Shiraz, c: Kish)
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Figure 4- Histogram plots of observed values compared to calculated values in the testing phase of the fourth scenario
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