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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.

Ethical Considerations

Data availability statement: The datasets are available upon a reasonable request to the corresponding author.
Authors’ contribution: Moein Tosan, Ali Maroosi, and Hossein Khozeymehnezhad as the authors of the paper,
conducted all parts of the research and wrote the whole manuscript.

Conflicts of interest: The authors declared no conflict of interest regarding the authorship or publication of this
article.

Acknowledgment: The authors are grateful to the Iran Meteorological Organization for providing the meteorological
data.


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.3.6
http://jircsa.ir/article-1-536-fa.html

[ Downloaded from jircsair on 2025-07-03 ]

[ DOR: 20.1001.1.24235970.1403.12.1.3.6 ]

(VEY O sl o o)les) oyl T zobaw sdilolu

39300 (codlBl (gl ol b g po (3,25

9 3595 S 5 (ANN-ARO) ghan (1995 15 (5 5lwdinty (S pud o 19531 3 Sdos (w2

#Y o = Y \ )
O 31540035 e B (owgylo (o B g (pro

.moein.tosan@birjand.ac.ir . )yl wis yo s po ol ¢ 659l 01Kl «ol wlie owditee 09,5 (65> (gommails .

ali.maroosi@torbath.ac.ir . )|l «y s oy i oy slBily ¢ wdine 5 (18 03D ¢ Fauels wdige 05,5 jboliwl Y

hkhozeymeh@Dbirjand.ac.ir .|yl wis o cis p olKuisls (¢5liS 0l «ol owdiae g pole 09,5 Ll ¥

sl ailjgy olomgol (slmosls o3l b la Jde cpl 5y 0 505 (solSodl> Jio g 9 (ANN-GA) )5
St oal8l U) din o Jold )y 3590 (loolin] 508 b)) glite maldl 95 3 VYT B Yeee Jlo
ool (sl &S 8,5 5 oS ol s (ol Al 33 (50 Siteg ol ) S 5 (65
g R%=4/AANF |y s 0 p> g MSE=¢/eev) g RP=+/A0A5 | sguiio o5 > ANN-ARO (6t Jo
L ANN_ARO (gjludiaty iy it Cudld b yogy pl & Cous 1) (6300 (sl ppe5 MSE=+/+++)
b oo 5 4l |) e50 cyite " ared Cagh)” 5 e b ey olidlon el JBlas (535 s
SpiysNl (S )gdbar 3 b gy ple & Cund gy 38es «gdgpg sl aw g 9 (85
Gilas 9w ETo (gilodend 3 ANN 3Shee (38l (ol (o5 byl Comlo ) a8 Splell (gjludinge
loodls b o il Zolis 5 @20 35 9 5555 2055 (sl ANN-ARO. o sty (il (sloasily
2 39450 (b £39)5 b ETo (380 (1ne5d (gly ) (ghindyd (sbo Juo adlllas oyl \Nigu oo duogi Dgiore conldl

Ao o &l 385 (65)9liS dmwgi (gl os couplas &S WS o Dlpiiiy Siiddog g Siid (lap,lEl

ERVOES Al Olaswin
Bl Copde ) 0diS iyl Jolo g (5y5liS psle 9 (Si900 0 e lysio (S g2 pe 35 g pd VY
(ANN-ARO) (gm0 (555 5 Slutinge oo b mas aSed (sl puut Jho gy & adlllae () sl rress
Sy Sy plo b o dulie g dg10me (olidlon clayielly b g2 pe 555 9 5 Wlig) silode sl
Lﬁm) Mﬁiﬂ L (SGuao (mas 4S5 (ANN-PSO) QI)S LS)L"W wbﬁill L (EGuan (gmac S = s M.)U

VoY o) icdl
VoV oo VY d)i)b

VoY et VO 1 g dy
VEY 2,3 WY tlad o L)

(5l sejly
b @2y0 5 9 S
355 (5)3LaS «Fguas

DOR: 20.1001.1.24235970.1403.12.1.3.6

(©NOICH .

ANN-) (soas (555 5 (gilwdingy (i pd i yoSl 3 ,Slos wyp (VF+Y) cpes ol Pdes b g o o cawgylo o ¢ pugh 13U
FEXY (YN bl uSof oo (cladilols 4y 3o i s d9dme (ol (ool b g po (385 g ped i 55 (ARO

Ol bl 1 ol gt als ool 1)l

Spdes 3 s 1 ghamo Bdun g3

ul).:l NSy (i o oKl sdj)aul.{ 0aSisly g;.j P F?“; bf)f :‘;;thh;

+AVDVEYAAFY u.dJ

Hkhozeymeh@birjand.ac.ir : g oS! oy


mailto:moein.tosan@birjand.ac.ir
mailto:hkhozeymeh@birjand.ac.ir
https://orcid.org/0009-0006-8718-3445
https://orcid.org/0000-0001-6078-655X
https://orcid.org/0000-0002-2731-1170
https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.3.6
http://jircsa.ir/article-1-536-fa.html

[ Downloaded from jircsair on 2025-07-03 ]

[ DOR: 20.1001.1.24235970.1403.12.1.3.6 ]

0) e (SEPa0 (P95 5 (G Slwdiae Sy o y9 5 S (o)

dodlo
Adnan ) cul (S5glg 0 42 53 whe ol G 159y é ke ) 5T 9 oS 1 B 5l S5 s (BT) G5 5 555
88 oo gl (S35l e (sladil b (gilo e 5 (55,988 (5320000 Alazjl e bl o 53 coge S (395 gy (et al., 2021
ub,lesS (Dong & Hansen, 2023) b yiowwsY alesjl (s33ate (6 0503l0l gla i, (Yaqubi et al., 2024 «Kim et al., 2023)
a8 5yl a4 (Xiong et al., 2022) (y99 o (50l ol sla i, o (Jiang et al., 2020) )l slazp g9y p oddicuas ob)S
polie OogelrllS & 5l g 0392 CeoB])S (ol (e Sy (el SSS nl sl el L g oo dlitnl 3y g S (o sl
eSS gl i la Jae il sla Jlw j> (Dong et al., 2021) s Tl BB sble 5l g)luw 10 3,Ssy ol ccplplo )l
Bagsakin et al., ) coul osd sl =305 0,Lsl Jlons) ()bl bl s )3 @0 Jguamme o 585 9 s 0 45— (ETo) apo 3585 9y
Slr @l Doy & & 63,05 5 (e B9 5 w5 Silede sl ) agem ety dblae (FAD) gyl o i lojl (2023
buwgio ¢ Sl (il clod wSle olon 9 Ol (639y5 cpai> (Allen et al., 2006) cul o bas loea polpw 1 ET aslxe
3b; 3w cpl sl LS 3y90 Cutigom yeim g8 dilee bawgi ET puess (sl bl Ll floy ot g (oond gy pSke b Cas oo
oz Conle 0 1y GTET 04883 il (slapuitio 5l (3 1 it slase] BB b ojiasd 33 aon (lgn 9 O slaodl
slo iy (daslpd opin 53 ol O glio Jilao ,3 jg0l o 5 )leuss 31 (SO ET i 1V (Hernandez et al., 2012) xS’ o bs
» Sgdie ol gowle (30l Ol WS Giluie CEL]) (295 5 93909 O odm B, WlF e &S (SC) py Sluslxe
Adnan et ) sload edlitul (5559 0 dinejyd s odmy Slaptuns ilude Glp (Sovae (as 4Sud glagby) ol sl
‘Wu et al., 2020 Majhi et al., 2020 ¢Adnan, Liang, Trajkovic, et al., 2019 «Adnan, Liang, Yuan, et al., 2019<l., 2018
.(Muhammad Adnan et al., 2019

Yasrebi <Tosan et al., 2023) cuol o Wadino; 5 (o)l ;3 Oldllas b iy cel coune Ligr b SLSS » il gla s,
Chiaetal., ) &j,slis o (Feng et al., 2020) wlilsas (Ferreira et al., 2019) (sj4s,0un < Jio ylsicas (Naeini et al., 2017
Owile (5380l sl Jde dm  Souas Lo (LSS Cuddge b Sldllas | gyl 3! sla Lo y> (Feng et al., 2019 2021
ET, aljgy Glwlows g9y p 1y ANN Jio Juuwslty Tl (Y4)Y) ) Ken o Kumar .slo> S gjlwodly ETo (gjlo e olp 1y (ML)
b ol anslio g ANN oo G drwg 40 Coms 9ulBlSyg0 )3 BT auwlxe joblaiods (Vo)) o, Kan 5 Traore .xly 5,8 aulllas 50
O pte (250 3k e 5 85 oo o it g2, S 51> 1 (iten ANN e o izl 3 gl sl oo Sole (o5 Joo
dilisee slgn g Of slaosls b ET, awlxe (sl ANN (slaJio 51 (V=) ) o, Kan 5 Traore .cwl ETy (gjloJse lp (olon o
o e 4 Ny doui oyl 4 bl 55900 duglie Wilwl )3 (0565 4o g (2)55 Je 03 b |y ANN (ola Jae g odlatul (634,9 lgica
g Traore .3s,S &l 0yo0 desd 9 (2285 b de b awlie 10 1) (g5 o pest pidndd 5 (omd Cagby ded i ANN
Sy soges slomgol i slaodly j edlil b Sonp sl 3 ETo wleMbl soyiw ¢lp ANN Jao jl (Y4V5) o, Ken
slJio b (63800 pile g (mas 4l Jde 90 duslie & (Y+)1) o) g Reis .10,8" oslatwl (5,85 5,Sles ool cyaebiy
ANN o oS sy ol gyl assla g Jojp 50 oo slaodly b batid ETy cpess (glp alfuin Jod cygmw)Sy g (Slobo—jor,5)la
A o Al 4y 4 s g yilezel BB gl e 013 45590

Ladlani et al., ) 18,5 )18 odlatul 5,50 5305 5 poed e Sl Culise b (nas 46l (S 5 Sladae @lie j5p0 Bk
J(Ladlani et al., 2012 Walls et al., 2020 Abrishami et al., 2019 <L uo et al., 2015 Wen et al., 2015 «Kisi, 2015 2012
e 5 (GRANN) wlypiass 505, (ogime (oo 45ub by (im ANN Jio g3 (V1Y) ¢l Son 5 Ladlani wises sl
23,8 awlio plisdl dadlyls 51 olea g OF slagzal)b 5 esliwl LET (gjlwJse sl Iy (RB-ANN) eled 5 (ie Sgine amac
loa (clod ySile g JBlas (iSlas b co o 31Siko ¢ o Cagby Sl coldl il e gloodly 5l ol ¢ ouddl claodld lgicay
<8 (Y)0) o) Ken s Wen a8 o Joo 5y%5 g b i ia ;0 RB-ANN ;I o0 GR-ANN o sisdly > byl .55, eali!
loie 25wy (SVM) plaidy jhy omdle (im omdle 653k (hg) b dunlie 13 1) (025 gloig, 9 ANN oy
5 LUO .05 oalaiwl (63959 lisay Lo pSTas g Led Blis 1 oolitw] b oy Lunl by i ddlate ET s yiny (6l osdsloul


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.3.6
http://jircsa.ir/article-1-536-fa.html

[ Downloaded from jircsair on 2025-07-03 ]

[ DOR: 20.1001.1.24235970.1403.12.1.3.6 ]

(VEY O sl o o)les) oyl T zobaw sdilolu oy

weas a8 (V) {MLP-ANN) 4Yis oyiuwy (Souae wac a8 (V) 100, dwlio |) ANN Jio k> (Y4)0) e
LR-) (b (s 5 (se5imn (s <K (slo e (F) 5 (P-ANN) Jlais] e 453 (1) {GFF-ANN) (jogac 555 525520
~as e o« 3)5 colf adllao C)?.I C;Lu O D g Sl Obua)] Gaoyou u,w.lsl oK B 9y S d‘)’. (ANN
ANN cla Jso 51 (V4)R) o )Sen 5 Abrishami .xed eslais] slaxel B ET (gilw Jao 55l & laisas 550 jobay Allgi o (ooiuno
odigMol ot ssly alenl (il Jd @b g5 93 5 bl 5,8 odlatul B wyg0mST luyod )3 (Sygmms 5 ET i slp
210 0550w (gilw Jled mb 4 Cons (6 ying 2 Slos RELU a8 sl L zols 1555 soliw] 355080 9 (RELU)

Sloisy b dulin > | syite Jomlty 3,5 5 505 s S8 (oS5 o Slolons sla o 3] slogsimgiy olal
Py Shwbre (s be) b b ()8l (gotiue vyl (i oS Cuaw 4 liine 4yl dagi s o &)l e p 5 Oluslxe
(SVM= L 1) s p)S wiy63l (V+10) o) Kar g Goci¢ .l byl oy 8> ial38l g JynS sla el )l (ojlwai 1y
5 SVM-FFA (o Jse a8 2L, la )l 53905 dunlie ANN g SVM WT-SVM L g oS 5 linopo 0 ET i slp FFA)
ol 5 Shamshirband .S’ o @1, SVM 5 ANN Jitie Slusbre slojigy b duslio 0 1) oy dw i s WT-SVM
PET (o595 0 ANFIS g ANN (sla ig, (silwainne sl (CSA) asld somtis wpinysS pb 4y s BLEST (hgy S5 51 (V+VF)
sl Jse b (ANFIS-CSA 3 ANN-CSA) suis sl (S5 sla sy dwin s )8 eolitw] ol po )0 cosldl o&ius] VY
38has S5 sl Jse a5 3,8 al bt oy B s Siis ble 0 5% g e sjlwte sl ANFIS g ANN ol jbg,
b ET S )0 Jiie pp (Slowloee sla Je 4 Cans (65

Gy sk ye gl ) ailjg) ETo cunS Gl sl (olad S L] aiBlyrasi (y90)5) (s 45 (Y41V) oS 4 Feng
OhlSen g Fan e o 1)) olal JSis 1 gyt B diBlpront yomw)S ) onas dSud o 2 LS gult (0,8 dwolde pa o)E
Jae 9 L1y o1 55,8 byl dgame el slaodly 5l edlial b ETy (3,8 oS sy 1) 595 bdlS g ol 3,8des (V+)4)
sl (i 5 5 (oo 5l o) (25 Jo o B0kt S 5 0 1 (o M5 Jin €5) il (5,550
WT (sblja iizod (V1) ollSon 5 ATAGT 1355 Lig S5 (sla Jin & Connd s (lodlS g ol 5] i 3,Shae a8
5l ossolsal olen g Ol olKiwl aw ET i lp |y WT-MLR g WT-ANN WT-ANFIS (¢la Jio b ol yen (Sge Jo5)
plo I WT-ANN &8 szl )0 ool comsioles] olaolSins] «ljg, (clomgol (claodly ;I oolinl b aidly L oyl 53 Cilisee wuldl aws
GilwJde gy (Y+V+) oK o Tikhamaring .S o Jos yop (WT-MLR § WT-ANFIS) o5 p e gyt sla Jio
j)f AJ.); odlaswl (S Gan (ouas JS...MJ Ls wf)a » u.alm LgLM)L»d.M{) )I );|)><J| 9 A& 4D u.:[mliuml P d):u 9 )Am
ANN-) K (silwars w68l (ANN-PSO) wlys plosjl jlodigs (ANN-MVO) sz jlodine (ANN-GWO) (¢ sl
» 1) NSE s RMSE ,0lie 4255 b6 jsbay ANN-GWO 0,65l oy L zols (ANN-ALO) axjg0,0is jlodins 9 (WOA
w293l PSO (GOA) &lo (gilwainge pi sl il e 0,5es iz GWO Lawisns 250 (silodinge ST plo b dnylie
Dong et al., ) s cuSp cpe o 2o g ol dilise byls 13 ETy dwiin lp KNEA Jie b &S cusly (SSA) Llo plsdjl
ol plaajl gilwaigs (MFO) wlgy aleds (gjlwdine o plodjl p Gioe (gilwdings gy 4w jI (VoY) oK o Chia (2021
Slr 55 ol 53k Jao aw g odlitul Wb 650k bagmdle ilwaige ¢l (WOA) S sjlodis: w2295l 5 (PSO)
$x5k slagdle ilwaisr sl 5503 sy 99 5l e i ilwine wipsNl 45 ol LS duslie Nidges lainiey ETo (059
E 0o Br% 9 S (5 )3 S yub (smas SaSid 3 )8 Ay 0 el s imgg (n Fake | 6318 (V) o sl (b3
S o olis |


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.3.6
http://jircsa.ir/article-1-536-fa.html

[ Downloaded from jircsair on 2025-07-03 ]

[ DOR: 20.1001.1.24235970.1403.12.1.3.6 ]

oy e (SEPa0 (P95 5 (G Slwdiae Sy o y9 5 S (o)

R g MSE (58,5 J1a5 ;3 b a2 50 3,55 9 s (st (Sl sE9hu0 (omias 45 (50 yu (S0 Y Jgi>
Table 2- Hybrid artificial neural network models for predicting reference evapotranspiration considering MSE and R?

A R? MSE v Jao  owlidlgd ol e
3Sles d9a5xe (6399 yialyb balyd ;> ANFIS-CSA Jsio  0.956 0.108  ANN-CSA Loyl Bys ogr e g Shamshirband
sl (6 pewlio 0.969 0.070 ANFIS-CSA ey (v+15)
0.649 026  SVM-RBF 1, 5en 5 Mehdizadeh
.. . v . U) 9
23S o Jos GEP 3 y0 SVMRBF s MARS 0978 013  SVM-poly ol )
3| Ehteram
<l 3,Skes ANFIS GP ;I ;4. SVM-CA 0.863 0.51 SVM-CS KL “’K""(’Y’ W)
ANFIS-GP RBNN .GRNN GEP s 5 ;54 GEP 0.903 0.33  ANFIS-GP s L s 5 Sanikhani
sl | 5, Slae 0.901 0.244  ANFIS-SC w2 (¥+19)
)y blys ;> ANFIS-PSO . JKan o Alizamir
229 Fell s o e Je St 0g6 006 ANFIS-PSO 55 L] o
Doy iy dySlos 39000 (¥-v+)
6 yilio 3,Skos 390 (63959 yiohb Lulys ,» RBFN-DE Jus 0.995 043 RBFN-DE ] Majhi and Naidu
s 0.986 1.16 RBFN-PSO W 095w (¥-1)

0.946 0.058 ANFIS-MFO

0.939 0.063 ANFIS-WCA

sl 1y 3,Skes a0 ANFIS-WCA-MFO (g 0 oS 5 oM A (Y-¥)) olySer 5 Adnan

ANFIS-WCA-
0.950 0.048 MFO
. - 0062 GAELM
cudls sy 3,8kee GA-ELM 0122 PSO-ELM o (Y+¥)) ol s 5 GoONg
RF MLR SVM s g ety |y 3,Shas o e ANN-MLP 0.999 0.490  ANN-MLP sl Yurtseven and
555 5 ANN-RBF 5 0.956 1.490  ANN-RBF 7 I (v-7) Serengil
sl Juo il e ANFIS-WCA-MFO (s 500 Jao 5,8kes ANFIS-WCA- e
. . MK g Y-YY) o, Ken g Adnan
35 ANFIS-MFO ; ANFIS-WCA 0.914 0.073 MFO P gz (TN oiKen 5
081 0.960 VMD-SVM
55 Jos b Jio 4 jl 40 VMDBC-SVM (s3,00 Joo  0.85 0.810  BC-SVM o SlaKigka  (YoVY) o, Ken s Kang
0.76 0.449 VMD-BC-SVM
s ANFIS-PSO | iy (ool (s puts Jo 0.99 0.004 ANC';:\IA?_OIA_ oML (0pE Sl (Y4VY) o, Sen 5 Cui
col)l Lyl .
M et dr):iﬁ&w S92 0.9 0185 DENFISWOA 5905 b opn  (1-Y7) iS5 Ye

ool 1 dblee b eoias (s slaJde 3)Slos il 2930 pume S0 w2 10 (60959 (sbayielyl I Jolee dlaai oS Sloj M ya
Gl caige oty P16 3l oolital dom o O (slo ol plod g1 yoytaod 53 b (> o il Jaipd sl Ll S o (gl (05 96) eige
olpls b old Gub 4 Gl & o)h e sl SO ead gide gla el duslre 4 Sl xn e 5y 9 poud duwle
dewbre 4 Sl @ ye (355 9 g plie el duslxe [ lodd dblae (pl (lp (ewle (IRl (Egiae Siga (LSS
3 il Sygo )3 Ll s wbe o5yl (ol (B b & bl lpe sl gyepl 5l g Wpie ol Ty el e sl el )b
don 0 Loyl )5 gy (95 SVsles & Cand (SR Sy Walae py lsbre GBcSSS (emnld] (slagzally 290 oy
@35 4l gl (939)9 slajiall Sl b (egian (Ben Jho & (93)lge 3 (S (Estan (er SBSUS wAdpw)y Clllas
wsl b (egian (her sy Jae 3Sdas cwyp Giagh nl L Bue il 8BS Ly (08 SVl 3 Sdee I g 0
3955 S el 3l (s (lacaS 5 (e 4 hiwd g aBL R (539)5 slagylus v (ARO) (ogian (365 B (gilwdine
g 0alaiwl bl L yiwd )0 (wwlidlar (claodly plod Cunl (Sow oS ola Ko 10 Wlg o a8 Cunl


https://dor.isc.ac/dor/20.1001.1.24235970.1403.12.1.3.6
http://jircsa.ir/article-1-536-fa.html

[ Downloaded from jircsa.ir on 2025-07-03 ]

[ DOR: 20.1001.1.24235970.1403.12.1.3.6 ]

(Ve OV als O o)) oyl ST Zobaw sailolw of

Baod (99, 9 3190

axlllae 590 adbaio

Tosan et ) cul osds zBly oldlyas (5, ddBd Y5 g > e 1 addd VO 4 40 O 0390 10 (59 ol 3 luwl 35 10 dpuie yod
ol G5 3 e Ol Came 2 9 p9litg JeD (me9d Cumon ) Ggeben A Sl iy g Colue mpeyiaghS YOV b ol ol (al., 2015
3929 b Jguie o8l (Rezvani Moghaddam et al., 2016) cuol Lys maw I go A0+ ] aieS g V)V0+ adhaie ¢li5) aiui
Feizi et ¥+) ) Kea 5 play ,8L) Conl 5y S aos [SB—psS ol canail olul p yw slalive; 9 p)5 (sl yliunls
B YY 9 a2 0 OV 5 oldlan Jsbo daBs VY 5 ds )0 O (godgime )0 5 s ol liwl e 10 dingw ol s (@l 2016
5 yio o VYo &Vl ()L o5 il an 3 V¥ 9 A iy din y b (glod a5 dieS (1S0les il a8 )3 )13 Sldlias o ye
SpgSmSiS walil (Gl Wiy ol «ly)l g ()legd eldl lapals el cunl e e YV iy 35 5 s (e
TF 055k b ey ((15Slke 5 Sl ¢ JBls) Lod Jolis 5Ldy50 wlidlen (slaosly ((Ramezani Moghadam et al., 2018) .l
).) 5Y”’_Y’YYI LS)LOT 5)9.) ).) DJLQJ.»J‘ .))9.0 L;o.:lél dl.m).aznl)b Q.:iSl,:a W) J.'>‘ )94;.5 wu‘s.b OLO}LM }] 6 .)9{ Y'YY‘ L;” Yooo LSJL").
ol o 11 (Y) Jgd

axlllae 390 (3blio ;5 o3liiw] 390 (cwlidled (gL gial )l (paSle —F Jgu
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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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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