Iranian Journal of Irrigation and Drainage
No.2, Vol. 19, Jun.-Jul. 2025, p. 243-261

|E

Ol A2 9 s5lel 4 5t
VEY-YE) .00 OFeF 5 — 01,5 09 als Yo lod

L;:.Ajjg:—‘;@\.ﬁ Jlas

S Sy i eslial b el en s e wlal 5 2 C.J.f 5 Ses SR I Silwdde

F I PR oS §

0 3 . LW Y o N \ N
ﬁ)b.f‘ o.:‘).l.w‘cf«. Mﬂﬁ‘b‘jd:J}u)%}}gdﬁL&#‘w‘

YRI5 gl

VEY/N /Y0 8 55 gl

daS

Sl )b lathais 5 M Slos S road )3 50 oS l 3)8Mas (i 0039 5 413l 598 QIS Sl )3 bl 1B S puS

3 (g il 3ioS ol 53 1A alond B lid canlio Jlewr )3l 51 (S plgis 4 (ogiae (Bgr oy, (pae 3)Sles S
O ySy Ml 5 SVR) oty 1oy ws Sy (RF) (Solar JSr (ANN) (o gime rae aSid ol o7 (pile (6 50k sl Je
olsly A )S 58 L5yl 5590 sl )olS pAiS A )3 e o Bl 51 (6 & 2y oyl il > (MARS) it stz s
e e s Cashoy dlod gyt Vo 50 ()l AT g ol oy e ey b ()l Egeme Jold 0 puiS 3 Shas 1 S5e (sl e
83939 oyl (0,5 Al (gl Bd 4B L35 )3 (63959 (slayte plgie 4 ity (slajy, s gee olen & g BT Clebu (Sl
S5l L Jice (63955 (slym psito A S} pa oS 9 Lol 901 51 oalitl b s oolitol (K55 w68 b oS 55 55 LS (05T ooy 51 <5530
Ot Lo gyess glis b odlisial (EEMD) 128 o o5 (295 o8 b ol e 5l oS ey 085 390 (gl (e 10,8
NSE--/ats RMSE--/\yv(ton.ha™) Jels Uns L5l slajlme 45 ol 4yl (5,5 cwlio guls EEMD-MARS i 45 sl
Jie ] 93 e paS 5, Shos 055 (6l cilisen @l VF izeed ol sy g0l Al ye gl MAE=- /- AA(tOn.ha™) 4 SI=- /1 - )
s MAE-./-A-(ton.ha') RMSE=-/vy(ton.ha™) : fels s b5,) slales L EEMD-SVR Jss 5,8kee Jls ol b 3,8 2l el

il (g pculio 3,Slas 905l alsyo (gl NSE=-/avY

Ole (63653 csoud OV guae 025 do 45 (295 winyeSl Lol (905l 1 g (G019

-yl Jl ojlsan bl (ul 5 o 35iaS” 2 ade (gl (o IS0,
wlawlie (WAL ()], Sa g i) Conl Slisins g Sllas sla
2 ol Gl (ke | Yol Sl paS g0 eb 3)Slee
I osd 2995 1S Ggebee £ 51 iy CulS 5 daw b paiS
oy yoluaisl dg 5 a ) (o2 05/ 5) oly; sl pej Coline
ol opl 2o 3 FOIN 5 ol cuiS & jgo 4 doyd YFIT &S sl
0 Gt (VY () LSan 5 (6y02) Canl 020 CulS Gygo
il gl S o il p3je (GliE el 13 ) page (15 &S
i3 3 pAS ojgdn O game Ay (e oS Cunl (SY5b
Sr90 0k 9 Te Capde 4 Jyae g leidle Il Byo
5 (it a3 o bl sty ama ilie e iy
Sloygd Ly Jbw 4 Jlo slaglogs 9 S s lee cnl
W)l 3PS Ctlyyy Glise 53 (ot sl I «(codlil )3
SaS Ul o dilaio o (poslil byl 5l (26T g cals ol b

doddo

L ol S dar g Sl 3blie o)) 3 (50945

(Taheri 33,5 oo gl yia oo YO 502 sy bawgia
2958 33 (6alitS” Lisn WMo oy yodes 3l et al., 2019)
8L cplpls sl caslio cuiS b Ol 395 g Ol wlie Codgin

cagog)| cagog)l oSl (ol udine 095 (S5 5 (g )lul (6555 (sgzetil -
Syl

il dson)| cazonl oSl (T (uoigs 09,5« dino 095 sliul —¥

il dson)l cdzonl olSily (T uoige 09,5« udigo 095 oliul —¥

el cdsog| chsag oISl (SIS psle 05,8 (S5 pole 05,8 slil —F

oyl OBl ol (okine 09,5 ol quige 09,5 (48> b gel iy - 0
Olnl desl

(Email: j.behmanesh@urmia.ac.ir :Jszue odiws g —)



VPeF pimolo )3 I wder oF o lod oyl ) uSb) g gslol 4 pis YFY

b5 & 15,8 oolazul YVA B YNS Sloj (gojb y3 5 el VL]
5 sladasde Jols jobas RNN-CNN 34, S 590 ol 5l Sl
(Khaki et al., 2020) 5,5 Joc yioz 43,5 4 cla jbg, plo
3GB" s RF MT'" SVR" (clacSiiiSs 5l o)L g jlogS
slod (ke 9 Sl @85 pgeus line (( SH)L (BSKke sbayalil
il ablio jd e paS wde 3 Slas b i slp YL
L olar s Jae iy b jl (Sl pols 60,8 solatl
(Kumar g 555 (glabgy 4 Cumd sllao sl . Sko JBlas
9 C]):w 9 u‘)l.{ao.h 9 ‘59151)90 cd])&o@ 9 j)w)f et al., 2022)
Ordle 653k oy, Sl paiS 5)Shes npia sl ohSen
(Grinberg et al., 2020; 1 3g05 oalitwl ylea alisee sble )
oo ylaie & .Murakami et al., 2021; Meraj et al., 2022)
3y Sloe laidy by cpile Jo jlodlitul b o, Ko 4 u;)_ei
UMK (65y5iS Y gae blie (gl 1y 26,0 Joame
B (6,500 Baizs ) [(Afrin et al., 2018) Wdges (i
Loty o 3ySbas yr sige Jolge g e 3,Skas (risie olfSon 5
3959 byl b (MLP)'Y coian uns (saSis 5l oalial
LMLP i 1555, gy Yoo ¥ 5YRAA cla b (sl Jgaso
ot Sl JAee plais 4 S lad (Sl (3l
(Gandhi et al., wi Gl s ) 1yzdljlale ¢l calise bl
LRYANN gaaib slabg, il (hKon 5 Jow 2016)
o3lisl IS 5 iisejiams gy Y g 3,Skas (sl K-NNY
Py Jewazs 3y Slas glrodls jolaie oyl (glyy liv] o500
ANN jbg, 45 3l s gl i $ s > (5o gblie
ot LR gy 9 @ 9 (mjices lp e ot
F590 a5 Sunil et al., 2022) 455 puS sly s
(KNN) (EN)" JoLss (ML) 2,650 )l 51 o) g polis
ae 30 lide 3 Jpaes 3,Skes i 1y (LR) 5(SVR)
=S 5 sl g,y 3l eolazwl (Abbas et al., 2020) L5505 oolitu!
b Jae <8 Gl col guile (650h clagby) b osijbpin
2A S ity LSSl 1 93b5 alline &S 3955
Sloy gy slaodly 3 oui ooy )3 cla Sig zlycinl ol
(YN ghlSen g gl yual) aliy) @0 355 — e Wile

11- Support Vector Regression
12- Model Tree

13- Gradient boosting

14- Multi-Layer Perceptron
15- Linear Regression

16- k-Nearest Neighbors algorithm
17- Elastic Net
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1- Machine Learning

2- Artificial Neural Network

3- Support Vector Machine

4- Gene Expression Programing

5- Random Forest

6- Deep Neural Networks

7- Convolution Neural Networks

8- Recurrent Neural Networks

9- Deep Feed Forward Neural Networks

10- Least Absolute Shrinkage and Selection Operator
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1- Principal Component Analysis

2- Continuous Wavelet Transform

3- Maximum Entropy Spectral Analysis

4- Moving Average

5- Empirical Mode Decomposition

6- Multivariate Adaptive Regression Spline
7- Ensemble Empirical Mode Decomposition
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Abstract

The wheat has a vital role in the country food security and its yield estimation can be useful in the reginal and
macro decisions. To predict the crop yield, artificial intelligence models are known as one of the most suitable
tools. Therefore, in the present research a wide range of machine learning models including artificial neural
networks (ANN), random forest (RF), support vector regression (SVR) and multivariate adaptive regression
spline (MARS) were evaluated in West Azerbaijan where is the most important region in Iran in wheat
production. Based on the effective variables on the rainfed wheat yield, including total precipitation during the
growing season, number of days prior the first and end rainfall events more than 10mm, relative humidity,
evaporation, average sunshine hours and number of frost days were utilized as input variables. The gamma test
(GT) method was used in combination with the genetic algorithm (GA) to optimize the number of input
variables. Using the gamma test and genetic algorithm, 8 variables were selected as inputs for the models input.
Additionally, the models were combined with Ensemble empirical mode decomposition (EEMD) to improve
prediction accuracy. The results of this study show The EEMD-MARS model provided the most accurate results,

with error evaluation criteria RMSE= 0.112(ton.ha™*), MAE= 0.088(ton.ha™"), NSE= 0.945 and SI= 0.101 for the
test stage. Also, in this model, 14 different functions were extracted for estimating rainfed wheat yield. The
EEMD-SVR model also had good performance whit comparing other models with error criteria RMSE=
0.132(ton.ha™*), MAE= 0.080(ton.ha™*) and NSE= 0.923 in the test stage.
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