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1. Multi-Layer Perceptron
2. Back Propagation (BP)
3. Feed Forward
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1. Cross-correlation



WAS g o) 5ylouds oF 553 53803 0 sS]

F2 ,See UL O ol @i yael o opl ply .l axsls
ool dlayl) 0429 Ly o (b, Lol Slee jloz Jols
Lo, Ads> 5,k (e jo 1) &80 (nyiien (8L,
23 Rt > e dn by ye () Ol S350l
Ji las jo b olen .l oo oolo ylas § S
b a3 50 5 (6 5m,dl p Jae Cnl ez
polie a8 (g 9bbany cwl ails Jo8 LB slacds
el 005 peds Slaslin lade 4 SHo3 ) Slawle
¥ o] 2l Son 5 Sl g b L mles ol
ol s 5o )l ccillae [YV] sl S g plings 3
5l oaelicwoas ddolas 45 0,5 Lo Ol s s
Loloe 5 ggazme (Solal cuS 5 5l e03 Ol 220l 2
5 Loy o dlaly ST ecnlnls e ooy &l 9
59 5 C08 SN sl Slae g o il slas Lo >g,>
3 05 ol Smtslip 353 olstl aly aegocne
08 e oolal bl slo Slee ] 5l alaly 21,5l
g COSSIN sl Sloc Joo cdo ili8l gl ueghs
Jos( Solwgodoanaxg L jigslaionls
Sl U g ) 2ol Lol Joe oz 5l oanlcamsa

b olghday )b (e

w—as ASh o lasble 30, gileJow Helaied
Ssliie slagygyes sl b eV (9w n (5han
u")"J?L)"""" ;_i_.Jj.:)..db w‘fb @L’ Lol 00l oslazul
Sl ol 5l Ggs (ol )0 a8 (ol S yme lgs 51 JSCi
ool sl egimn e (BaSd gy Y cal
ShasYaiz (g glaaSd (el gl 0d
— S5 g w55 pliay U LAl g G350l o 5551
@St il 33 gy lSen Jdsar o lsS L
O Sloe dblie mml 50 Jgoz j0 .0 oolat |
ool gl il ol amay aid, 54y cilieo (gl sl

Sl 00 45‘)‘ G?L.....JW 9 Uu)ﬁ";‘ U’“”U dLmoolo

Lo )5 ulidlsn o] sloosls I jalaiacpay
ey 5L b oaiia S 5,58, VY A i eolinl
wolgys ol aslale Sl wldie ,o \WAF-\TAT
0aile L 0,55, YT olows g (big0] sl 9,55, AF olaas
Se ol QL ead o 2 sy, (reiere sl
osls 53l ey (sras loaSed (hjgel )0 poe &5
5y oty Joe ol el Joto 59 eslizal 51 13
A SLLS SeS il ol Loy s Sl s diels
59553l Yool S e Joe y S 5 St S39e]
PA IR NPR LIS I SSTORIP ER LI VY PR 7Y K
ikl 5l ios slaosls (s3leloys slp VA1 59 oo
e o ol 5

X.-X .
X, =+ [ A——""T0 *)
Xmax-Xmin
9 Kiax  Xi 699,35 8o—i ey Jaie X, o] o4
Celooold  JiaS g oy dion el S Xmin

O3 ol s ryslip s

el Gl Jdsan o5 ol simoaslip 5l ool
5 7S 3l b plajtine Bl g Joe 0 Jge sla ke
ol S Sl e Akl &) Uy e
Sz e olnbe B35 8 el Lo )1 e
Sl g eoslial jlolise slo picte (e 12 (59959
(F2) (ol ;Shoe Loz degormo podle yiion (o) »
el (28t (£2L) sl Sles Wil placdl>
95 ol olsel s 5 (S3s8n el 00y Ll (F1)
48,5 &yeo DA g VY] Gllllas as a5 g5 b b Slee
Ew

F\:{+,—,*,/,\/,Exp, L', Sin,Cos,Atan} )
Fy:{+—*/} W\
2 e 90 ;o b o5 ol i aelip Jow s

G—Aae b—daz WSS S R= < /AVA
Las Sl ye (0Kl diny (9 5ieS g MAE=-/-YYmm
6 i 2o b Klae sl 4y S RMSE=+/- YFMm




Y Lo, Adgo Gilale 45yl cymosi 5o Wannibgd b Joko duaglio 1 ilins 5 el

03 ol xodeliy Joo i F Joux

(ST D higel
MAE RMSE R MA RMSE R
(mm) (mm) (mm) (mm)
<[+ 0F <[+ AO VNV ARAS ARNS /YN F1 \
<[+ fA <[« YA AR </ ARE </AY F2
<[\ o[e£Y <[RVY o[- VY «[+YA ARYN F1 ¢
o[ X7 YN <[aY) o[£ o[+ £ </AY) F2
<Y <[+ FY AV o[- 0F 4l AV g F1 y
<[-YY +/+¥a </aYY <[+ ¥0 </« DA <[AFA F2
o[+¥ </-Y¥f </AAN o[-YY <[+ F¥ AN F1 .
o[y c[YF </AYA o[+Y) o[+ YY </AA F2
200
250
200
-2
:J 150
£
£ 400
50
0

9 3901 al> po Sudicad sosld lp 1 ol s yaebp Joo (3l &1 o (Fladlive g (Flawlmo yolio Hlages .F JSb

PR 9 5390 Sy 30 5 k] sloas Ll g hliss sl Jue 51y (S ghan omas Al i B Jou

eSO ohigel ' . .
MAE  RMSE o MA RMSE o =95 aY ol &Y Sele o)lads
(mm) (mm) (mm) (mm)
Y Y A 1o AD Y- AR s Syt il V-0-) \
JJeAY IR <IAYF RV R ANY b Sedgr et il YoF- Y
o8 o[- AY AIAFY R R ./AT) b Sloyeen cilil Y-S ¥
e FA (59 AR RN o[-0 NI b Sy il LRV ¥

Al oo U8 ol jo il ool ools lis egian
JB o Slas a iy polde (pads 0 Loias omac
(i) |y polie ol aS glagSay conl anily Jg8
=l Gl el 00 S5 st liosdly Jlade 4 S0
3yl ccillas [YY] il Ken 5 o Siicio Liogh gl b
el wazg b aS o5 Glo Gl @Sl e 50
ol_.g)‘ Sy QT RN L;)Jj (S Fean omal g_gLf::c\i,..i‘.'

Sl 0gb e oaaliin B Joazr j3 45 b (lea

SRE IAP) (Koot b it L F 5 L
s MAE=+/-YAMM 5 o ol las> Sl o 1y ,—eS
RMSE="/ $amm U sy e (pSlse &) 0 528
@l o)zl pluw o Cod iwcons A o
O JSi o 09 ales Sowslio (51 il p jluand
e 85 Jae Slebne 5 ol ol g



WAS Hla o) 5 ke oF 593 5590 0mp S

ooli il o Sy gl 5 plilind 6l g (e Cugac
(bl el a8 SSlas g Blas slahs,
Ol 0l 005 5 (s3lws3 e sl iy S e Y,
Ui it o5l 51 ey s o L3I YU o a5 sbs
Slale Sloj bolido jo (5, ez sl (2Ll
oo sl 3e o el calizes Sl o
Jos 05 e oaal i ¥ Jgaz 0 a5 job len .o
2 (i L a8 gl i
GHhe gl (2 Slee (pyieS 9 R= /AVF (Stcen
Lot ol ns e oSl &y, g MAE=-/-Y - mm
Ay G misiino Al yo ;5 RMSE=- /- Yamm

saaliewsan oo op s Hloges & IS [0 o dalgs

ol ol ools s riwiore (i slacsls (gl

5 (oS polie Cowl aseie £ SS 0 aS b len
polie 4 Cand (g0l MBI L aiws bl e o

sl 005 00 (oS 6’5‘5

300

3 o 350 s Ul 50 (5 5ol s el
2 ISl 550 Sygo 40 azg Ll ST Gaslisgse
el &S lagyie @ig Jedoa balail jl (cas

b (omac -5 (oo bl pimn g b6
lael Jol o5 50 ANFIS Juo sbl sl g3y cnl 5o
e s (518 gl Jo Sl (n e
7 Fie sl g alie sl yeaie (28,5 la5 )0
&y ISt esslmiss e gy SLail g (o) 1)
Oboipd Sjygods (008 5 (gl g pliliul oy, ugiae
By e D)ygme Joe (n el 9 G2 Bk ln
L ool (Jome (n 338 @ bl (plitws ln el nle
Cghy (5eNle (slos) (69959 yuiiie S (18,5 555
L 65l8 Jome Sl tn e (Ol Sy g e ¢ (g
(53939 e 95 5 Sloss 35 s 5 00,5 adeine
il Joe jbslo 3380 il 00l oy

250 4 =

200

150

(mmy s .

100

50

| TR N

P SSWILIE -t uia),.oT Ao po sl (gaodld (gl (Laman (mac Al Jow (lo) 4 Cani Flualine g Flowlxo polio jlogei & JCb

PRz g Ghigel Jolye 50 6 kel saasli g ilizo gl Jus g1y (omas =53 gl piums Joo g lid F Jguzr

SINOPON u*\’)S"’T P ) .
MAE RMSE R MA RMSE R . $999 &b o ylod
(mm) (mm) (mm) (mm) Tt
.- FY NN - JaryY NN o5 < /A s sl 3
Sevy <1+ FA <1900 o[- FY .- 0F -1a8A b sl Y
.Jevs --vE -1a8) S e¥Y oo Y -/avY s sl ¥
e -/-¥4 -1avs Sev¥ oY -/aA- L5 2l f




q Lo, Adgo Gilale 45yl cymosi 5o Wannibgd b Joko duaglio 1 ilins 5 el

300

250

200

150

(mmy 3

100

50

o L Shali. Sllae

G390] Ao po Saiiad GLodls (gl (omas =53 Flisw! i oo (3loj 4 Comd (Flabline g Flawlne polio Hloged & b
WW 9

VUSCS j0 a3 )18 cogll o minions dl> e o
olbey b Shaelin polbs an Cond Jow 4w o @l
B0 5 ol = yaalip Joas .l oaid cols lis
L Ol eSS 5o (smas - 5518 gl g
ISl ol o a5 jeb les sl ools ol 045 5l ailale

Sl 08 yaesd (ABly Jlade 4 SUo3

L Joo o pSlos duww o
olio g Lo Jow 5l SOy dg Olgz Sl b aalol jo
PO N U e
248 Heb lea oS glwans 1) 5L sl adly
Joe a8 ey slo Jow (5l g g0 0aalin V' Joux
VA (Ko o0 (p i b o5 Ol s 3,%60
s MAE=-/-\Ymm ko slbs - Sle o 2eS o R=
RMSE=+/-Yfmm Lz Sl e (oKl di,y o yieS

05 b G ywlip 9 (mas =631 glidiu! miums  omas A5 G ey (Fowwions g Ghigel ool awsds 2l s Y Jgua

P SIOE ohigel
MAE RMSE MA RMSE Joe
R R
(mm) (mm) (mm) (mm)
feY- ./+YAa -/avs -/-Y¥f o/ovf </aA- cas 531zl s
<[+ FA -[-£9 < IAPA -/-Y0 N NAT Ean mas A
RN [-Y# <1AYA ¥y “JYY < JAA 05 ol gyl

300
250
200
-
“3 150
£ 100
E
50 & | r
0 e 3 : . TTTTTT
o M~ o I~
< L1 N — =
(L) als; - e
™ laallis D0 R4l p = = - o ghas tac 4500 sesesas \;—.‘*"Q_éjl‘j 5'._'&3....:1@3....-_‘1.....-

SRyl y 9 (mac =531 zlosw! i (Egiman (omac A Juo dage polie (Flawlxo o Slodlin g liSTy jloges .V S
STCous g higel Ao po sadbiead osls lp o) ole



WAS g o) 5ylouds oF 553 53803 0 sS]

loal$ gilw o ;5 eoluy <8 5l 05 e yabin
b Shegi ml germeys Ll )55 5 (Sudels e
=59 9 e Uy S gy | 05 Ole spoaelin e
Lo oloiniun ol a5 o Sloiiian alale (5L (i sl
4 aS ol coillae [YV] il Koo 5 Sl g mulbs
05 Ol Gyaeliy Sleslaial b Sy, (o)l anl$ oo iy
Olsedn ()b jeite Sootl 4y 4z g5 b cnlply ool il
ol o i lizes gloadgs jo ilidlyn ol (oo
4z b ol mlie o poe ol jlatedy (goladl 5 (g5 0lis
plol ailats o Ol oz olyou 5 x5l Gl JuSas o,

Sx92 Ol = Foe sl el g 50 i

&b

[1]. Ghorbani MA, Salehi A. The use of GEP in

assessing changes in groundwater quality data

with plain water level fluctuations in Shahr

Isfahan.The Sixth National Congress of Civil
Engineering;2010.[Persian]

[2]. khalili N. Forecasting precipitation with
artificial neural networks, M.Sc Thesis. water
engineering Department , Ferdowsi university of
Mashhad; 2006. [Persian]

[3]. Falah Ghalhari GA, Mousavi Bayegi SM,
Habibi Nobakhtan M. Results Compression of
Mamdani Fuzzy Interface System and Atrtificial
Neural Networks int the Seasonal Rainfall
Prediction, Case Study: Khorasan Region, Iran-
Water  Resources Research,2006;5(2):40-
52.[Persian]

[4]. Faghih H. Evaluating Artificial Neural Network
and its Optimization Using Genetic Algorithm
in Estimation of Monthly Precipitation Data
(Case Study: Kurdistan Region). JWSS - Isfahan
University of Technology, 2010;14(2): 27-
44 [Persian]

[5]. Imran M, Riaz Khan M, Ajith A. An ensemble
of neural networks for weather forecasting,
Neural Computing & Applications,
2004;13(2):58-69

[6]. Maria C, Haroldo F, Ferreira N. Atrtificial
neural networktechnique for rainfall forecasting
applied to the Sao Paulo region, Journal of
Hydrology, 2005;301(4): 146-162.

[7]- Naseri HR, Adiehvand R, SalviTabar AA. Plain
aquifer system dynamic modeling in operational
management Kakarza,the Thirty meeting of
Earth Sciences;2012.[Persian]

\o

o) e Chll g cBs A Az gl b cggemma o

651 sl pls (Fyas (oras 0D laJue
Rolie G (Soaed (0 Ol 5m)alp g (e
=y y 000l sla Jae Slalre polie 5 Slaslice
Oeized Sl <AYA 5 < [AVA AR Cl e g odd
sl Jos glalre ¢ glaolin polas oglobne zls
2 05 ol Smtlin 9 G5B g (Foan (omas S0
Siyamliyp Jao ol plas asys Ve 50 Jio!l zglau
Sl Jleisl mlaw 98 p2 50 (g lobixe (Kvean o5 b

G5 A g S
Sl 4 (6399 (SLpoold (St 5 )1
sl b Coeal 4 4295 b 098 0 gmme (Solg e
Ol ot )by S slaiagh e B ol jeas
J=> sl oS o )] Jod BB s (s lol (slaJae o)k
e 6"[3\53 aS 5,5 oolatwl ks b IS ol
S g SRl il 0 nlple Sl |y (e e slans,
b alale (1)L g3l d gl plo o o See
alale (glaosls 3l eslaiwl L i J il jo #8lg Lo SIS
LS4 sl Jos 0 b, VWAFAYAY oLl Jlo b
905 Ole SyAebp (Eghan (oras 30D ol ondaid 5
L shelin bz polie .l guas - (531 zliucn! pingw
e—as ASL5) oaioly sle Jos 1o 00l St b2
38 gt i 5 05 Ol st (2o
s ol awolan gl sle b 3l ool L o oo
Sl alizes gl Jao o j5e slo el )l slass iolial
2l o Cod Lados ;e 0, Sles cozrge (g5lmanid
4 a9 b mizmed 9-di oo ) (reS o la)lS L
0 gyt Jde A ;2 A S O a2l sl L
ey alele Gl oline 53 B 2B L e
9 i &8 05 b i stelin Je el il 3 S
§ (EF—an omas A sla Joo 4 Cod (5 S gl
o=l ool lis 095 3l smac (631 glatiwl piaow
5 oy VY] ol g cusls sla gy mbs b b
5 oleold 5 [0l Lul LS o geoasls [YF] il LS
asoly lid vg5 lddod o as o)l cillae [vs] Ol Ko



1 Lo, Adgo Gilale 45yl cymosi 5o Wannibgd b Joko duaglio 1 ilins 5 el

[8]. Wu CL, Chau KW, Fan C. Prediction of rainfall
time series using modular artificial neural
networks coupled with data preprocessing
techniques, journal of hydrology,2010;389(2):
146-167.

[9]. Mekanik F, Imteaz MA, Gato-Trinida DS,
Elmahdi A. Multiple regression and artificial
neural network for long term rainfall forecasting
using large scale climate modes. journal of
hydrology,2013;503(3): 11-21.

[10]. Chang FJ, Chiang YM, Tsia MJ, Shieh MC,
Hsu KL, Sorooshian S. Watershed rainfall
forecasting using neuro fuzzy networks with the
assimilation of multi-sensor information.journal
of hydrology,2013;21(6):374-384.

[11]. Ahmadi F, Aysham S, Khalili K, Behmanesh J.
Application of ANFIS and GP Models to Estimate
Monthly Reference Crop Evapotranspiration in
Northwest of Iran, Journal of water in
agriculture,2014;29.2(2):235-247.[Persian]

[12]. Nabizadeh M, Mosaedi A, Dehghani AA.
Study the efficacy of fuzzy logic to predict daily
river  flow. Journal of Range and
Watershed.2012;65(4):569-580.[Persian]

[13]. Nourani V, Alami MT, Aminfar MH. A
combined neural-wavelet model for prediction
of  Ligvanchai  watershed  precipitation.
Engineering  Applications  of  Atrtificial
Intelligence,2009; 22(2):466-472.

[14]. Nourani V, Kisi O, Komasi M. Two hybrid
artificial intelligence approaches for modeling
rainfall-runoff process. Journal of
Hydrology.2011;402 (1-2): 41-59.

[15]. Tokar AS, Johnson PA. Rainfall- Runoff
modeling using artificial neural, Journal of
Hydrologic Engineering,1999;4(3):232-239

[16]. Ferreira C. Gene expression programming: a
new adaptive algorithm for solving problems.
Complex Systems,2001;13(2): 87-129.

[17]. Khatibi R, Naghipour L, Ghorbani MA, Aalami
MT. Predictability of relative humidity by two
artificial intelligence techniques using noisy data
from two Californian gauging stations. Neural
computing and application,2012;23(7): 2241-2252

[18]. Ghorbani MA, Singh VP, Kashani M,
Kashani, A. Modelling pan evaporation using
genetic programming. Journal of Statistics:

Advances in Theory and
Application,2012;503(3): 175-187.

[19]. Zhu YM, Lu XX, ZhouY. Suspended
sediment flux modeling with artificial neural
network: An example of the Longchuanjiang
River in the Upper Yangtze Catchment.
Geomorphology, 2007;84(2):111-125.

[20]. Aytek A, Asce M, Alp M. An application of
artificial ~ intelligence  for  rainfall-runoff
modeling. J  Earth  System  Science,
2008;117(4):145-155.

[21]. Ferbodnam N, Ghorbani MA, Alami MA.
River Flow Prediction Using Genetic
Programming ( Case Study : Lighvan River
Watershed ),Knowledge of soil and water,
2008;19(1):107-123.[Persian]

[22]. Saf Sheken F, Pir Moradian N, Sharifian R.
Simulation of rainfall-runoff hydrograph and the
use of artificial neural network model of rainfall in
the catchment kasilian. Iran-Watershed
Management Science &
Engineering,2012;5(15):1-10. [Persian]

[23]. Kashid S, Maity R. prediction of monthly
rainfallon homogeneous monsoon region of
India based on large scale circulation
paternusinggenetic programming, journal of
hydrology,2012;454(4): 26-41.

[24]. Darbandi S, Abaspour A, ShoeibiNobarian
MR. Alawites inflow to the reservoir prediction
using genetic programming, The fifth
Conference of watershed management and soil
and water resources management;2011.[Persian]

[25]. Dannandeh Mehr A, Majdzadeh Tabatabaei
MR. | Prediction of Daily Discharge Trend of
River Flow Based on Genetic Programming,
Journal of water and soil,2010;24(2):325-
333.[Persian]

[26]. Ghobadian R, Ghorbani MA, Khalaj M.
Comparison of Performance of Dynamic Wave
and Gen Expression Programming Methods to
River flood routing, Journal of water and
s0il,2013;27(3):592-602.[Persian]

[27]. Soltani A, Ghorbani MA, Fakheri Fard A,
Darbandi S, Farsadi Zadeh D. Genetic
Programming and Its Application in Rainfall-
Runoff Modeling, Journal of water and
50il,2010;20(4):62-71.[Persian]



