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1- Artificial Neural Networks (ANNS)
2- Multi-Layer Perceptron (MLP)
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1- Principal Component Analysis



1Y Wil — g VP o F o ylosds « (3l ol (SR 9 solel s pis Y RY

A O S A
MSE = Y (exp—cal)?
S vE— )
- -&.:Jrn;-_
He o » pare’
ot Wi

I

X jxmin c).B.S ))?WX| PR JLO)) )IJ.‘O.A XI"I ‘4]4{‘) L}?‘ ).)
S ST g JBls polie ol S 3 max

9 Ryl 53 5 S jlitel y90il 5 (o sl b

alal, 3 oslizal L (MSE) as lasyo (:56ke 13 o3lizl MSE

andllao 2 )90 (owilinilgn (O] g () 5o (3Ll (G gL perd CunrBigo — ) IS

andllae 5590 SOl 0l g (7 5lo 93 (SWid o pub 130 —) Joua

o8l ,legd (Suid cupd (1) owlulon o] malll o9 logd (S cupi(l)  owlindlor ol
K doss ! ol Sis o/ o=hys
Siddas WY 095 39 Suis o/s ined plol ol834,8
Kb dos VE/Y Lgled Sis 4 b
Siid oy A0 Ol o Sis AI¥ A
b yodass YEIY 065 39 5 Sl el Sis 1 Jrens

Csbye YAIY | Sis a/¥ a5 oldgd

8959 saodld (bildy yio cas (PCA) Lol slaadlse Juloo
92 Olos (o 3939 (310 e slaie 4 ad edlitul Jas 4,
35509y 32 285 i )3 1) (Shg ghgwl b (Shy cbal 3%,
Sean S Lagedgyg jl s sladegeney o Shy bl
sba Sk plyie 4 degemanj (pyig 9 48,5 )13 b))l 290
s ey b Shy gl 2,0g) )3 ede (B it
Sy A g 0ad b 05 sLad S o Sy ks
el 3)S0s) powye slagby) jl (S 5B dbml wa>
45 gy cnl bl e (PCA) (ol slaadlie Lo 59y (Shg
Ojgmar 0l (b JSb 4wl (Jad pe )8 @S p (e
Jlosl (639)5 sloosls acgore 59y 2 (S)laipe 9 S yralll
S e sy (ol caadlie Jlo (g 53 33,5
Aot e sladdlie | dcgomme O A dtugor all> Lin clad
gl slm e ) (ad oS 5 Wl 5l P87 50 o W9 o i
o) slad g Jols dised i slaailhe bl o 5399
sasgerxe jlolinl Ly glys e |y Laadlie (ol 095 oo 020l
dlbre (Ko e lo b (uilless o lo ool slaoosls

€al 5 Slalie slaodly @Xp daodls sliss =N oyl -yl 4
Sk €XP L blie Jlawle slaodls

oS 3y gy s bgyye 00 FYA+ £o0ome ¢ Baiod (ol 5
5 (730) Jolize (351 (75 +) higmal sl wiwd a2 e o
WIS paadS (YD) (S gmn (g A S w0
N38le 2 L g s g (on 2, ) o2litsl b 4Sud (gjlusinne
oS 4 5L (gilwaigy (sl 0 plosl NeuroSolutions (V.5)
el ¥ S5 50 ond &l cyls pilles sguns uas 4SS
Had Js Jlgie @50

Cuolio (5925w (et 9 Comolus Judoi
ETo- 9 D..\_wufou‘ (smas dSu.w JJA w.wl».o u)l}))l d])‘
L (53555 odly Bl (ST (39,9 sla sl )y 4y calculator
;LS4 NeuroSolutions Infinity (V 1.1.1.0) ,l58ls 5 51 ealazu!
Gl Cops 4 dwgy opl [(Yesilnacar et al. 2008) . a5
2,00 3,8 4 s 0y Shos 90 sl 35 5 516 slaisdgys
S5 I ETO 3,05 5 aslio (o5l s polaio 4 (pizod



YrAY  ao 0 olS 305 9 pudd 3590 5 30 (Lohan omas GbaSd g (e ey Comwlna Julo g (o)

U jolaie oyl 4 .o oolar wl cdgy oad (g5lwdigy Jb ol
oyt 8wy 4 gy MSE g R? poolie daay¥ slass i8]
MSE jlise &F d Laa ¥ olasy (ioljel b as ol lis gl b
=S MSE ,olde Y Y & ayY ol ioliel b .ol ials
e sy Y Y olawy @S (gilwodlw caa S Ab keSS
sbaogy ldy Y 93 bl 4 i b oAb a5 e ) dig
WS pb yd g 0l xajel LadnY 10 Y plE 3 oud (gjlwdigy
bl, b ds ang U eoles p.40d 4 wlie R? g MSE ,alis
S ol Lo s 4y P8I (B Jolpe )3 00d (gjlwdinge
Copr dinte (Spian (as 45l ol Bl ulul ol
MLP (ae aSd 1) Cudlie g0 ol (3,5 5 s (eSS
Y (el ol 5 olag 4 sl s il Jlsl o
Y g bk Y sly OISl Sy (higel il (29
SN Ll ksl 5 s

5 Ol &Y o L gl (YIY) wglagigisl § walsasisnl
P ETO )5l (sl culio a0 Glgis a0 ) ¥=5-) ol L8 Lo
(Antonopoulos and Antonopoulos, 155,580 oUss
by L (Yo0) cpali g 550 cliiod gl aSJls > 2017)
Ao e WASTTY ol e g plety Y S L slases
;5 (Deo and Sahin, 2015) wib o Wiyl 3 ETO 50, ¢l
9 5 glaodh L e Jo (298 @l O dulie ¥ JSS
Woleas Ol smas 4 4 oy.aﬂ > aS Slwbrs 5,2
5 o=l sloodls o ygaw,S ) adaly ol s o3y ioled
e 4 ds g bl oads ool Gisles ¥ WS j0 0 Jde (295
ool 3Ll ons OBkl e gian mas 45 i R2=/AA
A Slawbre slaosls L

ET0- 5 00w LSSl amas amid Jimo Sl Ll
calculator
@ISOl (sguas uas 4l Jhe Cpmlus S 4l
OreS Sl -See &b (e S Al jo > &S pl 4 drgi L
b oo ol €8> g 03l Bjgel aaye oS 5y g s
ar 899 S yell I S ya 4 s S (298 Coles
= Fye sbayiehl 4 095 o0 oanliie & S5 & dgi LD
a2)d lhs ol an sl aile cu 4 BTO gilo s
Y oelar)l ool ce o il i Cugby duoyd ¢ JBlas )l
o Casby 1o yd Lles g 5o,aks 3 bl clebe dlass o g pte
S5 ) 5 ETo-caleulator cuwlus Julos ¢l Joa Jolis
ET0- 45 colis oyl Ly s oolitasl (639 celi yzol )y s
433 (6399 yal)b ¢ JBlas 4 ETO 3,91, y5laie 4 calculator
Ol d e Jl38le 5 cnlply el Aty Bl g Slas o)l

4ol sla paie degazme PCA Lol slaadie oo jle 4 58
ol)ly ladie s b selate (Jad oS5 I (ol asgerme 4 |,
o dasy ialS Jolis PCA hgy (slad )8 .08 o Jas
o il pgite & stz o (ol Lo 3L 5 (5299

(Adnan etal., 2017) 1l 0

Wkt (E a0 gmas &S D] 41 by o Ol
&y olS 355 9 5 Silese SN - Jolye I Jols @l
J-37SN PO IR | VI IO JUR K BT A IS PR P PR
9 48,5 )15 sy 3,90 RBF' g GFF' MLP 12,0801 s iy
g bl 48,5l )3 coli alsje ol )3 5 sl ol
olde 5l UL MLP 5,651 4" 554 0 odmlie Jodo zuls &
PLowl e i wi)sS)l lsiss MSE jiaS polie g R? jiiy
pi e Sl (635, LS b pgd p8 50 s a8 S jlas (0 Clallas doldl
sl (5855 €l (MLP) L5 o > o1 sl i
O_i‘ b lwaigy She Y D ey Sl dS L;Lm).l'.n\)l,i
Sloi g 1 Sl ey Y 50 99 ¥ ol 5l Sliaslono ¢ygliie
sl gl .l 4ol LS5 g5 b5 e MSE e o
B zals MSE ke Y0 1 lagyg s shast Sal33l b oS ol ol
o y9 9 e i iol381 b olasd (pl 51 am ) wcdly (glalas Mo
S5 ol a4 gy cnl 18 osalie MSE (5 (o8 sl (ials
Olyme an Sl &Y )3 (95 VO 2las aSd B5lp e oy
JUisl @b ilwaiay lp A5 435 e > i (99 314
s e I5b) gy Js) ol 5 olek 4w
Ui 3 4 @365 lan .45 oozl (s AgeSm 5 hs cilil
S 4 byrye e 4 JIi] o 0 29 o oanlin ¥
Y Ghjael opl8 oy e slinely ) sl s il
ool (Lsh s 5 psitoge <53l —5 ) 085 31 ol
Oy L O)leS sl =S ppd (9LE ¢y 2)90 4SS 53 S
5 oLsal lilllas 4l gl MSE Jlade o 5508 5 R? i
g b 29 4 Jl ol Gl pew wo alis (Y Jsi2)
L adsyo (ol 53 9 0ad bl (i (sladty )3 0ad e Lasl
MSE e 3505 45 5 oanlite o sl JUis) alys duglio
OleS p)lag Aty alidio ey als yo )3 39 CSIPL @ 4 by
Ohigel Ol o (sl W )l W g potiage «)lsS slo =S i)
S 43 Ll gl g oad dulie (293 4Y gl aie
PV Jga) cunl @)l ke ~S yig) (96 4 by MSE jluia
93 4 aSd sl el b 5l iy olas Y Sl Sl p

1- Generalized Feed Forward
2- Radial Basis Functions
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Abstract

Reference evapotranspiration (ETo) is one of the most critical parameters in proper design of irrigation
systems. Accurate estimation of ETo leads to reduction of water losses. Due to the ability of Artificial Neural
Networks (ANNSs) in computational analysis of complex processes, the main objective of this study was to
investigate the sensitivity of the ETo trends to key climatic factors in Tehran province using the artificial neural
networks, and compare it with the ETo-calculator software results. The ETo was calculated using meteorological
data (10-year data of 12 meteorological stations in Tehran province) using the ETo-calculator software. In order
to model ETo, a set of inputs to artificial neural networks including the minimum and maximum air temperature
(Tmax and Tmin), the minimum and maximum relative humidity (RHmin and RHmax), sunshine hours (n), and
wind speed (U2) were considered. After data tagging, by optimizing the number of hidden layers and network
algorithms, output values were estimated. The results indicated that artificial neural network is a suitable
technique for ETo analysis (R? = 98% ). The best model for estimation of ETo is feed-forward Multi-Layer
Perceptron (MLP) with two hidden layers in its structure (6-11-14-1), Levenberg—Marquardt training algorithm
for both hidden and output layers and Linear Tanh and Tanh transfer functions for hidden and output layers,
respectively. The sensitivity analysis of the model for input parameters showed that the optimal artificial neural
network model and ETo calculator software have the same trend and the Tmax and n are the most effective and
least effective parameters in ETo estimation, respectively. Also, based on PCA analysis results the scenario of
using of four parameters (Tmax, Tmin, RHmax and U,) as the only inputs to the selected artificial neural
network, can estimate ETo with an acceptable accuracy(R? = 94% ).

Keywords: Artificial intelligence, FAO-Penman-Monteith, Meteorological parameters, Optimization,
Principal component analysis
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