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~ . "-: ,0~ <.Su,~ '1 ~). jl 01 ul~(; J .) Yr./ JL.s.I MLP 4 ~ ~~J)J )~ r. '.r.:-" ~I 

: ~ Yc./' ,,-:-"l:..... (1) ~I) jI ,0.1; /' <.SIr. U,-S~J)J .r.~lio '~~r./ )L::;I ~.1? 

m 
'\' n On-, = £... W j i • j 
J = I 

- : i . .1......; ~ Jt...a;1 0jJ ,W; 'il n ~ '1 )~ i l I oJ; <.S~.1).1 .r.~lio ,net; ~I) ~I)~ 

J>_~; .)1...w M .1 ..:......1 (n- \ ) ~ '1 )~ i l j OJ; ~.1? 0;-' ,(n- \ ) ~ '1 ).) i l j 0.1; .1 il n ~ '1 

,Sa k Propagation 
_' ~ Yard 



• ..L.:. Jo..L:" <s~..u ~ J\.A.:;;I c;\; ~ jI .~1.4:.....1 ~ (i) .,hL.... jI • ..L..:. ,-:-"G... .r..~\A... \.)Jj ./' .J~ 

:..:.......1 • ..L..:. ~.r..j u.J~~ .s • ..:.......1 J..)~ C;\; '.J"k- Lr!1 <sIr, J,.,........ C;\; . ..:.......1 

Sig(net;) = \/(\+ Exp(-net;)) (0 

.J~ .~ ~c.r' J-4::.-~ \.)jJ J""!;L. '-:"' ~ ~ \.)Jj ./' • ..L..:. ~G... J":' J? ~IJ.J Lr!1 .J~ 

I .... Lu C;L.; ~ b..r' Lr!1.J~ .~ y:,<.f ",,--!\A... ~IJ J":' J? ~ ~ • ..L..:. ,-:-"G... J":' J? ~~ 

u.J>-~.s (RMSE) T\1.>. U~..r' ~lz.o.J~ ~ (MAE) '\1.>. J11.. ~lz.o ~ jI '-;--"l:... 

np no 

L:L:ITpj ~Opjl 
MAE = .... i=_''''''j_=, ___ _ (0 ) 

np.no 

np no 

L:L:(Tpj -OpjY 

RMSE= 
i=' j=\ (,\ ) 

np.no 

• ..L.:. ",-:---,G... ~ J? 0 pj 'il P <s}JI ~ j, Y...r' i l j \.)Jj U.a J":' J? Tpj ~IJ.J Lr!1 .J~ 

jI ~ . ..:.......1 J":' J? '1. '1 .J~ \..I.\.)J) ~ I ..lo,; no J \..I.}JI ~I..lo,; np 'il P <s}JI ~ j, Y...r' i l j \.)Jj 

t.!~ .-=-...I i r yo T' ..:....:S j~ .r.--' ~ .s i J~ .r.--' ~ BP ~.J}JI iJ~ il5' U.a C;\; ~G... 

1- Mean of Absolute Error 
2- Root Mean of Square Error 
3- Backward 



~ L..k.> .}J>LS t.51r! ~ ou0j) ~ .}J>LS ..}),) jI.~\A.:-1 ~..r.:---' .:r.1,)~ '~~,f 

.~~ ~ (J' ~ ) ci~~ 

n ) aCE) A n ( ) ~ jI (m+\ =ll'- -n +a.~wj; m 
Owj ; 

(V) 

. J ,,;.r.?)~ ~.r' ,17 ,tl (m+\»)j:; ,)) 0jJ ~1}101r. ,L'lw];(m+ \) ,~I,) .:r.1,)) 

--"'<-! ,)) .~~<..r" --..bl J"....;;~u)..l.l. ~"-! lb,:. )..l.l.0..1.:---,) \; rl ~I . ..:.........I t?y '-7"'..~ 

--:~ I) ,:,! ~ oS t.5~))) ~ .r.1.r.,)~ 4 oS~,)Y,)~) '..1.:---') ,:,~~ "-! ~ o.r?)~ 4..l;.. r 

. ~t...; -=......!.\5:; I,) ~ o 1..1. if. ).;>- ~ if.)';>- ~ly(J' ~.r.f.... )} ..:.........1 

...:' ....... jl ,~I • ..l...-.!:. .~b ,:,l.!-; T JD,)~ u (RBF) ifLt-.;, ~~ c:\; 01..1.4 RBF 4 
! \A) J"} ) ..y...).r. .L.... y ,)~ erdJ l ..;I.r. oS ..l:.:......A .}L.:-.o ...... ') ~ ~ .Ir-J> ~ "-! ),) ..;I..I.~ 

? c:\; if.)';>- ...... "} )~ ) L.r.:--''''! c:\; ,.}L.:-.o ~ ') ,)~ JtA::;1 c:\; ,~I ..}),) ~I ,)~ .~D .}.T-' 

_':'>-~ .J~"-! RBF ~ ..}jy! l..~ .(\o.o.i ,':'I,)K....o.) 0.".....1.. !\o.o.o. ,01,)K....o.) ~~)..:.........I 

j --:>..}),) jl.)lA.:.....1 ~ oS..:.........1 u,)u;.; 0)~ tf jl ,,;.r?)~.~ ,)."-! J)I ~ ')~,f ~ 

_ :;""-:',f ~ ..;)))) u~')U. 1 j l .~lA.:...... 1 ~ ,(1..1. ....... /' ) j'lr ) ...... ~ dy ..;1..1. .?I,)~ ' t.5~"":'.t> 

J .:;\A.:-I ~ if.)';>- ...... "} ) .}L.:-.o ...... ') ~ 01..l.0j ) ..:.........1 u,)u;.; ~ tf jl t.5.r? ~ ~ oS i)~ ~ ,)~ 

')~,f ~ ~ 0Y::""~').J ~.}J>t5' <.51..1...}),) 

x 



~I . ..::..........1 • ...l-!. ~ 1.9JjJ i..SU~J~ jl ~ ./' ~ ~jJ i..S~ ?Ij~ 4 RBF .;~ ~J; 

'i..S~JjJ jb r. 0-:-! ....L.,.,1j jI ~\....j .;~ ~J~ .rJ' c..r>:-J? . ...\.:.::....-. u~J~ .r5lr U ?Ij~ 

rd 0j~"-'.....s..::..........1 ,Wj = [W\j'Wyj"",Wnj ] 'if~;?r jb.r, J ,X = [X\,Xp ... ,XJ 

n 

0 = 2)X; -Wij) (A) 

i=' 

~I i..S1r. JtA.:;1 c:\j <.r.; • .J..$. . ~y, ~b... ..I..ilyL5' ~ i..S~";Jj ~ .;~ ~J; if. J? 

:(,o.o.i ,~I).s::. ....... J ~,.,.....L.) ~y,L5' ~b....td 0jy."~.s...:.......1 <.r.:-"..P c:\j j.fo:.-

/(0) = Exp(-).,.O]) (0. ) 

,,-:--b... rd ~Ij jl if. J? ~ 'i i..S~if. J? ~~ j~ . ...:.......1 ~l,; ~~ ), ,~Ij <.r.1 j~ 

:..I..i y,L5' 

(' . ) 
j=\ 

' Yj J c..r>:-J? ~ 'i' ~J; .:.r.:-ol k J .;~ ~ 'i ~J; ..:r.-I j ~ ~jJ ~~ ,bjk ,~Ij <.r.1 j~ 

. ...:.......1 .;~ ~ 'i ~J; ..:r.-Ij if. J? 

,';L.. j i..Sui..S..r-" jI ~ .rJ' i..S~.~b i..SjL....J...I.A j.fo:.-~ :,f ~ ~ 4 .)I.:.>l. c..r>I)o 

~Iy~ 'iVY-VA JI 'no-f.i (.f!T JL.... j1 SPI .r.~lL. ~~ . ..I..i...l..!. ~ ~ J~ ~ ~SPI 

~ ~yjT i..S~.~b ~Iy~ 'iAQ-Ai JI 'iVA- Vo. JL... j1 SPI .r.~\.i.. J ~ ";jyT i..S~.)b 

Ij ";j.)-'T i..Su.Jb J.......<>jJ ". u~."..:+. ";j.)-'T j.fo:.-~ ~ . .x::J.J )} .JU::....I ) jY 

.JU::....I 4 ';L.j i..S~i..Sr" ~~ i..S1.r, . ...I..!. .Jb)} J...I.A (.f!~j) i..S1.r, J ,-;-,\;;.:.;I ~J\...aj 0jy."~ 

i..SUiG' j) • ...l-!. • ..uL.:..... .r.Ju... i..S..r-") i..SJJjJ i..SU~J; JI..t..U ~ 'if.f-'>-' ~ ~ j1 

,JLA::.;I c:\j . ...:.......1 jbjy.r, i..S1.;...J ~I jl .~T ';L.j i..S~ilS' jJ ~~T} ~L....l;...;. i..S1.r, (~ 

i../-" j1 u-:: ~l>- ~J:r., jJ .J.:.:.SL5' ~ Ij ~ i..S~~J; i..S~if. J? J ~i..SJJjJ ~ ~IJj 

• ...I..!. ,-;-,\;.:.:;I ~~ j~ JtA.:;1 c:\j ~ Iy~ ~ ~ c:\j ,~IJI) i..Slb:- J 

jl i..SjJJ i..S1r. .J y";' ~ UJ J ~ r" ~IS ~4 it> 0 jy."~ ~.JIJ ~J.? J)J ':iy."1 

0j~ i..SjL......JL..; ~ ,~ i..S1.r, ~.Jb ";j) ~).? ~~ j.fo:.-~ ~ J ~Ir- ~ 

iLS::.... JJj t.l:--!-I j1 i..SrJ ~ '-:-:-' J ~~jJ ..l> j1 ~ ~...I..!. S>; § j1 ~L. jlS <.r.1 .s J.r? L5' 



) j .)-' lSt....·)b lSjL..JL.} lSl,r. • ...; jyl jl ~ ~I,r.~ .cr· . i ,,)Ijts:....... J ~) )).J,f t.....:.>.)} 

:...\..!. • .) \A::..... I CO.) ~Ij jl • .) \A::..... I 

X . -Xmin 
X =-"'--~=-

n Xmax -Xmin 
C\\ ) 

..,t.; . .)jY ?Ij~).ti. ~;:-S :Xmin .?Ij~ /' ~IJ).ti.:X . • ?Ij~ • ...\..!. JL.}).ti.:Xn 

. J..!~,f ..,t.; .)jY ?Ij~ ).ti. ~~ :Xmax J 

"--'.. 'i J <.5')JjJ "--'.. 'i lSt....':"J} .)I..w • ..l.iJ..! ':"y jI t....SPI i W lSl,r. \\ \; \ jl lS')JjJ lSt....':"J} 

CR ) ~ '-;-'..~ J d.) ...; jyl Ul::.>... lSt....f1.jpJl ~ t....4 .J..! ~ lk> J .j--' ~ ~l:­

.cr··i 'lS~) J I~)..u ~l>... uJ..I.o iW lSl,r. CRMSE) lk> ~~r ~l:- j~ J 

..:r..r=-t! ':"Ip~ .) Yo Ijb Ij ~ '-;-'..~ H J \.k>. u~r ~~ j~ ..:r.;:-s .s <.514 
~I). J..L. ..::....J.) ':"IJ--::A ~ J .:" y jI .) jY lSt....J..I.o .) ~ <f" j,r. j~~ .J..! ,-;-,\>.:;I 4 

jI • u 4 .k..... Y .J..! ~ ~ .r..) Ii. ,r.1,r. j.) .J..! • ..u L.:... .r..) Ii. lS t.... jb"""; r-'; ,r.. J ~ •• J..! 

.J.:..).J • .) \A::..... I ;;, CRMSE) \.k>. U~r ~~ j~ J CMAE) lk>- J11.. ~~ ?Ij~ J') 

).) ~ lS.r.?.)~ ~I.,.J ..,....:; r j.r1~ ·t....4 jl ~ /' j.) ·4 ..:r.ri. -:;:.i~ j~~ 

~ . J..! ...HL.j1..:.Jl> ~ri. ~ ':"~j .:"L.j \; .J') ~ J') Uj~~ Ul::.>... J\A;:;I ~\; ~ J.,~) 

J') r" j.) ~L:.o '-! 'i lSt....':"J} .)I..w ...HI}I .r:dU ~ J lS')JjJ '-! 'i j.) ':"J} \ \ \; \ ..:.Jl> j.) ~ 

.) MLP ~ lSl,r. J..I.o \Oi ~~~.).s . ...\..!. ...HL.j1 SPI ~L.j lSt....lSrjl ~ /' lSl,r..~ 

• ..L..!. ~~ .s "';}'':''w .:,,1 jl ~ . ...\..!. ,-!I) SPI ~L.j lSr /' lSl,r. .REF ~ lSl,r. J..I.o 'At 

,-:-,l>... ~L:.o lSU':"J~ .) lS')JjJ ~.; /' lSl,r. lk> u~r ~~ j~ J ~ ~.~ 

':"Ip~ .) Yo I)) Ij \.k>. u~r ~~ j~ ~;:-S J ~ '-;-'..~ ~~ .s lSl~ • ...\..!. 
• ...\..!. ,-;-,\>.:;I ~ ~ri. 

~ ~ jI • ...\..!. ..::..;. .r..)1i. ~ J ul..uL.:... jllSl~ ~ ~ ~L.j lSr ARIMA ';\..j lSr" 

~L. j lSr--- lSuJ..L. ~ .s ~..f---I lSt....J..I.o .J..!~ .J..! ~ r .:"L. j ,-:--,"",r. .s .)"'::',f d 

.)jb Ij <.5.)~j lSu.) ,r.j\S' ... J <J"""'""~ i ~ • .)l..a:;jl ~ jl Ul::.>... lSt....4j j.) ..t:.::...J, ....J.).T'-' 

~~ .) lSjL...~ lSl,r. Ij ~l..::......:-- <.f.~ "';Jj ~ ~L.j lSt....lSr lSjL...J..I.o lSt...."';.)j 

. ..l.i,r.,f j\S'~ t....~~ jt1:;1 .))y U.) lSjL..~ lSl,r..) i~~ ~j.hj~ lSt....~ j\;:jj 



J OJ.hJ4 (..>""'~.)~ ol.~.r---5 ol.~~I.J':;-'}.)yl ou.J-lA o~~ i· 0.) J..IJI.)~ 

';L.j oUo.r-' ojL...J-lA i.S1,r. ~~ ~,.,>- i.Su.J-lA .)~ .s .;~ jl ~ . ~I"'::"'!'b ";"\ C;\:... 

i.SuJ,L. jI .~~I u.)~ .)~ .s ~ Yo ..r'l> ~I~ .)~ Or" uI~ ,":""":'b ~ Yo J ~j.h.)..l:J> 

~,~ .:H.1 jI ~u..) Gp,-.D ..\:Joly:..; J-lA <J'.y>- ~ ul~ j-!I ,~~ ~ ~~ ~y>­

~~ ~ y>- J-lA 01y ~ d.; J-lA s..... J ~I.;I ~I.) ~ ..s ~ ~l::-- 01y ~ o~~ 

.D ~I) (ARMA) ..s ~ ~l::-­
O.r-' 0~.>-! ~I u.).J-'" .)~ . ..::........1 .;\... j Or" 0~ Yo ~I ARMA ou.J-lA jI .~~I .1, ~ 

d ~.)>~ ~ 0-.:"J~ 'uhl jI.~~1 ~ 'Wi JL....)~ ~ J u-S'~ .~y:, ~I ~~ I.) 0\ ,';\...j 

o.r-' ~I~ ~ ~ ARMA (p,q) ~ 0\ ojL...J-lA ~ J ~II.) .;\... j Or" 'Or" J...'oI.A.; 0-.:"1 

J,L. . ~~ ~ <..r' ARIMA (p,d,q) .)...aj ~ ~) ou.J-lA ~ i.J'" y o.)\...\ ou.J-lA jI i.S~.b:­

.:r.--I d ~ J q ~.)~ ~ ..s.;->W ~L:-- ,p ~.)~ ~ ~} .)yl ,~~ ARIMA 

~ ~ ~IY<f .s (p,d,q ) ?I.)~ ......... ~ ARIMA J-lA j-!I,r.~ . ..::........1 ';\...j Or" jl o~ J...'oI.A.; 

'~.Y<f~D~~ 

:~.Y<f"'::"'!'Y.,r..j u.).J-"'~ J..aj~ ~) J-lA 

(In 

:..l:.:...J> ~.;~ q J P ~.)~ jI ~u.i.SI~~ B(B) J ~(B) .s 

¢(B)=('-¢,B-¢rBr - ... -¢ pBP) ('n 

B(B) = (,-B,B-BrBr - ... -BqBq) (H) 

ARMA (p,q) ou.J-lA ~ ~\ .; jI,r. J s ,r.>-G ~ J..aj J...'oI.A.; }' ~ jI .~~I u.).J-'" .)~ 

'~\<f ~ Yo J ~ ARIMA (P ,D,Q)s ~) .)...aj ou.J-lA 

i.SL.... .. ) "-! i.J-'.Y ("SuJ,L. ,J..aj ~ J .)...aj i.Su.J-lA 0.; ~ (' ~~t) 01.)~ J u-S'~ 

u)~"-! ~)L.. J-lA JS' .)~ . ..\:Jo~<f ~ I) ..::........1 UJr-' SARIMA ~ .s I) 'p... J..aj 

u.)~ J J,L. ~ ~ ~ (p,d,q) u .)~.s ~.Y<f • ..l.z-L; ARIMA (p,d,q)(P ,D,Q)s 

:~.Y<f 0~.,r..j u).J-"'~ .s..::........1 J-lA J..aj ~ (P,D,Q)s 

1· Multiplicative Seasonal ARIMA 
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P . .}-.a-i.r." s ~ ~l...::-- ~ j~ :q 'L5...$ j...;,\jj ~ j~ :d ,J.-a,9.r." .Y::-".J jyl ~ j~ :p 

__ ...J> S ) J...a-j S ~ ~~ ~ j~ :Q ,J.-a,9 L5...$ j...;,\jj ~ j~ D ,J.-a,9 .y::-".J jy l ~ j~ 
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.('Wi,~) ~~) ..:..... I J..t. ..;:--)~ ~) J..t. 
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.J...:.5~ rz:IU ~.).r. ~.).J-A O.)J~ Jy..)~ (~J; lS\..o.~J) t..i!y..) '-;-'J\.:..; III J..!,~if 

.J..!,~if MLP ..rJ') jl o~lC.......I ~ SPI48 .., .k Y..r RMSE J MAE .r.~\A... .:.r..rS &\ ~ 
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• lAO ·l ·/ii·l ·1· Ir. . RBF (10-10-1) t~A SPII 
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.';L.. j LSUtS ........ jl ~ .r- tSl,r. ~ 4 tf J~ .k..... y SPI • ...L.!. ",-:-"b... .r..~\1.. ~0~ 
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Abstract 
Drought is one of the most important climatic phenomena which occur in all 

climate conditions and regions of the earth. When the drought remains for a 
longtime in a region, it will affect all environmental factors in that region. Drought 
forecasting, therefore plays an important role in designing and management of 
natural resources and water resources systems, assessing plant water requirement, 
etc. In recent decades, (ANNs) have shown great ability in modeling and 
forecasting nonlinear and non-stationary time series. In this study, two types of 
artificial neural networks, i.e. Multi Layer Perceptron and Radial Basis Function, 
and ARIMA time series were applied for drought forecasting. The rainfall data of 
Now-deh station on Khormaloo River in Golestan province (Iran) were used. 
Drought conditions were calculated using SPI in short time and long time periods. 
Among 41 years SPI data, the first 33 years data were selected for training of 
models and the last 8 years data were used as test dafa. The results showed that 
artificial neural networks were able to forecast the SPI and drought conditions with 
higher accuracy. Meanwhile ARIMA model had also significant results for 
forecasting. 

Keywords: Drought, Prediction, Artificial Neural Networks, ARIMA, MLP, RBF, SPI 
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