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, -+ij,lC &j]l i+ \r-rdl -+ll ,tEl;\Ll crui llF

#tt: ,rI tx ,'.- rtt e. j! U .u"!6ll i\- isull c.t.Lll
eJlSl -ill ..',-lrl ; LsiJl iillul c!-E a.--il qrBll

. I{l-j6lr.J ejEiil elrJl rnl.LJiill .'.- r\ :.sri.-, :l.,xJl C_r4

.dJt+Un-Yl u-lill r-ail
:{ tl c's+.ilt -2

: ! \ i.].j{ll l-{+ti e.r L.n_J'..J\s eLE.: i.,-ll .:lS,ll
.d!$ s-tG e ! -t . J'-r! a-L .iljA c-rJ" -1 6iul ill1J
Jl ;_r;ill .rA d,lE .dJLiUJl dr!p. '.. -- , rl1 elJ.nl crr-YL
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.t2lll23l[24] CLA)I inUll (J1" ,!-.X s}t"!U I <r.,e .- rl el J-l)l] ,,--lJl g_n-!l !- & ir4i.ll elAYl
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: Quasi-Newtor (BFGS)OirrJ 1+.iiJr .
ijls-liLiL- Jslr GD o- &pl ausl" u\i , ir:1r inJL

a)- LtJl ( Hessian ) aj_ri-J i*b (J!1-J I'ln .+Ex

1-t., rKYl -. rLYl (second derivatives) iil-ill crEi,:,Jl

lF uUrYl +5 rri! iL l BFGS 1+")lF J^ 6LlJFrll !.!
l2rll22l t (6):.ll1-l ' ' '-

ll**t = r'r - It-l *g*.....-.(6)
: gl dr3-

Hessian matrix (seaond deriyatives) : [Ik

l,evenberg-Marquardt &sJu aJ+ Oi.J r+r![. .
: (LM)

*. J"!ll L1- e+ .Jc a-- 4j(l . aIr+ ' 
rJLI i{+L:,.

illr ol it-Ji clJo d Hessian :J-,i* 
-. |J isLJl .1r,

-"lr--.i jS: Hessian iiJi- ar! .3t-!l tJ,.+- .J I L:n

(,r,ll J.il (Jlp dll .JLA ot4J. H=JrJ : afuAIL i!.j:
.! crr- \r.Xl (Jambian) ijr* q,r J ;l i4. g=Jr e

&l ,re Jacobian GJi* . isJl OlrL j.l,n Cl rLLll
:<i ill elli)l {5j. e-| e .Hessian l._ei*;. iiK., i;L-

: (7) a..i:r.Jt , ,. .- J&.l 4l"JLJt qt crlJyl lit

ll*+t =I/* -IJJT + N1-1wr e.............1t1

L!,j . i:.jJ!rj,ll .JL\ s-lc ULJ lr (!lj jr p : gl CL5

, Hessian li-,i- J"'L.:r !iJ+ ;fuJ. i+)!ll c$ p=0

=-l ,rltc. qJa.ll \u r" C.!-.-J dt crjir drlf p UJj' asl

.l2t1l22l ;* ('\tY;

t6$LJ drrtl rb. -3

RMSE = (8)

2011 ( 6) t9 ,ilAt ,JNJ c'lsi d?

isJ +rl i-ifilt LJUs:ll .:Jrr ulnll (Jlo Jn- csll lrA

.(GD),rr. -rill Jlr.$ll iJ.rlF .:""ri:-l e+r €.lJl Jt5jyl

J--+lt: : u_.rlF .(GDM) rl--+Jt 
"+,.1!-31 

Jh--sjyl
,i.;-^" a4l i+)lF ,(BFGS)dr+ 4+")lF ,( CFGF,i".r.Jl

-: ,plsr (LM)cqSrL

:Gradient Descent (GD) s+rrljl Jlr:.)l idJJA .
s-1., J!--:i Ol isrll O!J! e-l qr-. J$l Jlr.jYl :r)!i
Jl r-.,.J ,r-JiJl ;L5.ly'l ;:-. ,!i;Jl iJl.r -- _--.sJr .-.:lJl

i+Li)]l r 'J,6.rl isr.,.ll cru$l Jdl uL^ L.r ii !r:ll afu,Lll

. E-:..1-\ J.iI i4-.'.i- .r.ll. is,^:ll ,li.ll.,.-a dxi. .n.

: (1) iILJ! g[)l qlsn.st1 .1!.,[a r;-;tjJt
W t+t = ll/ * - d *g *. .... .. .. -.(l)

: 91 ,learning rate J.ill cb-: o k : crl c+5

'[2]'l Jt-lr -llJr

G radi€nt Descent with d+r.tt s+lB:tLtrrj'Jli+.jrb. .
:Momentum (GDM)

.i^, ri.'.L. ;!.<Il ;r:-.,:".11 ,:.rLi r5-Lll J].:iiYl isJ.:

a. J$l Jl Momentum cL+,6 i-J- Gt.5 L.rl dSa :li-:.ll

!.,!JYl d nrll rJ* .t - cJF 8r"+J g-rL- njil rJ: il-b
:(2) i.l.rLJl .=* \+ O!_y!l cljsl OrS.,J ,'.JAr- yl

ll/k+t=Wk -qkgk + p(Wk -Wk-t)... .-..(2\

lJ d+ alp ur$ g;.llb Momentum J1;JI p : ol e+'

.122) (0

Conjugat€ gradient BP ij.J..I d+.lt i+.jJlA .
: (CGF)

g.rJl J+.! :L b... .lr'11.r arUjll Jh,j i+-lill BP +jrlp
.Jr.r,J l.b r"L.r ,rr {f.-.ill :"jlJil-l 4} e+ iIFl! .J,Jl

J,J. (IiJ is\: Jl isri! iJIJ6-.1 pE. !ii+ $ 
f !l d,jJliiL" qr i*+ll ,!'r)t iL." O..olFul oulljl dsj-l d

dJ dlilr $ar 2008.1995 s ,3[ ,es &L 
/ qgjl

frl-i\t L,tJ -Jtj*)l , ,.J*,b 6.J_lt .ub.ll L..J.r) (l)
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Using nonlinear autoregressive neural network for estimation daily
evaporation: a comparison of neural networls with different algorithms

Shahla A. AbdAlKadcr-!Najcm A.AbdulKad€r_Kifaa H. Thanoon
Dept- ofCompulcr S]'stcm Technicdl h'tslilule ]tlosul , Iraq

Abstract
In this research a model of Dpamic NN(NA$O was applied to estimate the daily Evaporation of Mosul city
using certain climate parameters(the maximum and the minimum temperature ,rain ,relative humidity ,wind
speed and the sun shine )for any day in the year , and comparison for Static NN like FFBPNN, CFBPNN . Each
ofthese networks has two architecture: an architecture with four layers and five cells in hidden layers from one
hand, and an architecture with five layers and five cells in the hidden layers from the other.
Different algorithm were used for the training like: Levenberg-Marquardt algorithm (LM), Quasi-Newton
algorithm (BFGS), Conjugate Gradient algorithm (CFG), Gradient Desc€nt algorithm (GD) and Gradient
Descent with Momentum algorithm (GDM). Data was obtained from the forecast Directorate in AlRashede).yah
district in Nineveh Province for the period (1995-2008) and used in the research. Dataoften years for the period
(1995-2004)was employed lo develop the models and the data of four years was used to evaluate the models and
to compare their outputs with the data measured for the period(2005-200E). Moreover; determination co€fiicient

R square (R2) and the Root Mean Square Error ( RMSE) methods were used to estimate the level of
correspondence for the measured data and NN outputs to select the b€st prediction model llom the models
applied.
Results showed that the NARX with(LM) algorithm is efficient in improving a prediction model to estimate the
daily Evaporation as the value ofcoefficient estimation was 0.99, and this is mnsidered the best and the fastest
algorithm iftemp€rature, rain, relative humidity ,wind sp€ed and sunshine data available for any day in the year.

Keywords: Dynamic NN, Static NN, Gradient Descent, Gradient Descent with Momentum, Conjugate
Gradient, Quasi - Newton,Levenberg - Marquardt .
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