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2- California Irrigation Management Information System
3- Adaptive Neuro Fuzzy Inference System (ANFIS)

4- Coactive Neuro-Fuzzy Inference System
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1- Multi Layer Perspetron
2- Cascade-Forward Back Propagation
3- Feed-Forward Back Propagation
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3- Sub-Clustering

A



Oy g (oS 5l o2 g0

Sl & by e Dy s w6 s O 55 48 &35 13 el 3,5 MATLAB v i385
VS sy s &l ANFIS o dae s 5d 0 s 208 Ly (63505
5 «(Gauss) ° S (Gbell) * [l 5 (Trap) ' slaissss (Tri) sl (pi)
A s o5 (PSIQ) WSy 5 ([ASiR) s peSKimiss (Gaussy) T S 5
Wosls 3,5 5 Osnil 350 e lplamr is 53 e jies bl LT et e
laesls 5 iisel slaesls asseme 53 53 o gme e 4G Sl edd Jlesl Jig) Gills
Copbs ol csiizl w2 a5 L ANFIS L s ETo pesss 6l i oslel 2o
LT §game 53 (53555 Glaesls gl 4B S 5 s Sy pese wl g Sl 5 s P 5 8305
A3 S

(PMF56) 01 36 esile rary Jia 51 H(ET0) g 0 o8 G5 e 3551 2 3,1kl (sladuta
Jsn BO) L e 2ol Jt S 33 die 5 Sl 0 Aol Olioms (55 31 OF 235 &S
OLSen 5 sl g00 5 VA OKan 5 D) ad eslizal OF 5L 5550 glaosls 4 Ol o e
5 ddn S O Ll o S Oldes dilaie (gl 2 5 (VWAY) O 5 aslB aSOT e (Y00 A
£ 5Y glaaal, 5IBC sPMFS6 s, 3 ETo 5,50 5 gl p dasls el | 556 Sl cya
(Yo woslide VoA OLISan 5 s p (s ) 13 S eslizul

q..

0/408(R, — G U, (e, -

_ (R, )+7T ey (8 —e,) ™)
0 A+y(+-/vfU))

ET, =a+b(p(-/fsT +A/Y)) ()

1- Pi-Shaped

2- Triangular

3- Trapezium

4- Generalized Bell-Shaped
5- Gaussian

6- Gaussian Combination
7- Two Sigmoid

8- Product of Two Sigmoidally
9- Constant

10- Linear

11- Toolbox

AY



che oAl il Ry (mmdh) e e oS 5o s ETo N sladal, o
o53) Isa Sl ars besm T Mjm?Pdh) s s~ Ll G (Mjm7d )
Sl HLid 5508 :(€57€a) (kpa) 31y b i €, (kpa) gLl by Lz 8 (ol S sl
S Sebe s ukpa®CT) ol s lie s Sl 5Lis ot ot Aukpa) gLl
b sa s dsb a by s Pams) s Y gLl 55 sk e Uy (kpa’C™)
ol ol
55 BC 5 PMF56 Jis ANFIS ANN 5 Sles U5l s, tesliial 550 gl 23
IS b gl a5 alie pedle (gt Y Sl s boali
S )T Saes i e 5L RMSE) ot Sl o Kk sdr 5 i 5,50 sla el
A eslanl V5 0 glaakal,

RMSE = %Z (ET,(lys ) ET,(cal )) (0)

Zn: (ET,(lys) — ET (lys ))( ET,(cal ) — ET (cal )) )
r = i=1

E]

\/ (ET ,(lys ) — ET (lys ))"(ET,(cal ) - ET (cal ))"

ET(IYS) (oY) uils G, o ltis ETi(LYS) daesls sl N YL slaalal, s

s ETiCal) 5 bade 51 a3 i 5:Sle ET(CAl) oY 05 s S

Al e dis 51 Sl odal s G

Q‘J::;.»'" M\J_}é}:ﬂwy 4::\)'3) LSLAJMJ a.,\.;':gl,w(u,o.z-) C}J‘ eL:f éjzjﬁdﬂbu.a
el sl (a5 VTV TV L 53 S8 @ o a5 s o3l 0L\ Jsdr 3 0

1- Vapor Pressure Deficit
2- Root Mean Square Error
3- Correlation Coefficient
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Abstract

Using two different artificial neural methods [Artificial Neural Network (ANN) and
Adaptive Neuro-Fuzzy Inference System (ANFIS)] and two empirical evapotranspiration
models [Penman-Montieth FAO56 (PMF56) and Blaney-Cridle (BC)] daily reference
evapotranspiration values (ETy) were estimated. Time series of two years observed
meteorological data (1997-1998) were used as the input and output for modeling non-linear
system of ET values. The structures of ANN and ANFIS network were constructed in such
a way that in addition to their ability for comparing the performance of different arrays,
they were able to show the effect of dynamical behavior of the used networks. The model
outputs were validated against a two years (1997-1998) Lysimeter (1*1*2.25m) data, in
addition to the daily weather observations (minimum and maximum temperatures,
minimum and maximum relative humidity, sunshine duration, wind speed) in cold-semi
climate of Hamedan. The results indicate that neural networks perform reliable ET,
estimations in both decreasing and increasing steps, in comparison with the classic
methods. In addition, the neural intelligent networks provide more accurate estimates in
shorter computer time compared with the results obtained by classic approaches. It is
shown that validations against independent data set are reliable (with coefficient of
correlation of about 0.95) for such non-linear dynamical processes. The comparisons of
ANN and ANFIS results indicate that ANN performs more accurate ET estimates. For the
climate condition of Hamedan, the ANN method with 6-3-1 arrays and feed-forward back
propagation (FFBP) learning rule performed better predictions compared to the ET,
estimated by ANFIS.

Keywords: Model estimation, Artificial Neural Network, Adaptive Neuro-Fuzzy
Inference System, Reference evapotranspiration, Hamedan
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