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1- Artificial Neural Networks
3- Nash-Sutcliffe (NS)

2- Adaptive Neuro Fuzzy Inference System
4- Fuzzy Inference System
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2- Takagi-Sugeno

3- Event-Based
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1- Generalized Regression Neural Networks
3- Auto-Regressive

2- Feed Forward Neural Networks
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1- Learning
4- Multilayer perceptron

2- Sigmoid

3- Hyperbolic Tangent

5- Back propagation
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3- Gaussmf



\YF# 65..,.:.145&.«:;—Lg)'léwjgcwgst..a.cM}loo&ulbgblj)—u&)b‘giﬁéjuw

At By
/J\“ /E:-::"' i f =X gy en
X 5 wity +wai;
Az B te—s L
o Vv
Lo k W fr=ppx vy S Whyvi R
X X y v

Slidss &S 0 5l e g ol XU B deiis
Slaseie b bl ,4iS o sle
olid Vv Jgaz jo solaiwl 0,50 slaelKiuy]

el 00l ool

G (5095
el 0395 Lawogia sl dlixs

ool oje> 4y, obly,  wledbl
oBowa) B wliy, ML s oLl

Oliogd >l usul 059> ailjg, ()b dwle gl solitul 5550 sl olfiins] Slasein -V Jgo

(mm) &Yl ik (m) gl )| bl olase. oKyl o
bl (e @b Jsb
YVor VoV ¥V or v’ 00°YA" oY RIS
YO0 \AY TYor v IR 45 oglpe
OYV/A Va. IMALIRAN oo’y -y” o3
YYV/O VAVE YV FA” IAE OB deis
YAV/YY FYA AN oo’y . ol S5

49y 3 el o3> onl alye, (S5l (0l
Coxdgo (VY) o ooliiw] e sboyoS b

woul 0je A Cad e slrolli]
Sl 00 431)‘ ¥ Ji...v o UL.,J9.96>l>

s (nl Gaa &S (pl 4 g b

Skl eslaiul boailiy, o0 (i
2595 3l o9z e ol (97 el 4l
el 039> a4y S (olin (S5l 5 SIS
Coody @lp 09 Sloye5 5 (LS 2>



\YY

WWAY a9 5mb 1A o leds Ip,e> Jlo )...’>u—| 035> o i deliingh

[ Wy sl T waTE il Wy
f N
st Iy 3
olllayl - AT o ylya
sl iy
; :
i &
1 r
= :
aur - Halta 2
Pt Laig
Cry gl Al o &
E. 3 K AR, j
» Shieigas g
& & i i L+ -n]..
W T ia R W ikTE HETE ik T

Q] A S alides o] Coxdgo ¢ Lligd 1> J..:ui 039> odgdme - S

Ao, g S a4 e oS b 4 ax el

el 00U dj‘)‘ Y J5J.> )O

5 boliws!l 5l plaS,e See Coluw

Lol sl oje alis, Sk

oless > r—”"] 0397 SN,k Gl jo el laolliis! Jgo Coluw -V Jgo

Sye Lol
o, B ol ol
#1) VPENF e
VEA vav/- adog)ye
VIV MYV e
s ST RPN
¥4 FYBIVY oS5
bl 0)30 Jgb b apule (Ligh > Cosdge 4 azg bl jolaie cnl ol

&ly Ge, AFAY) Jw Y8 ool ol 5,5
Jbo VA 055 cnl 5l aS 0 Slls, 5 (Swisb
Jlo ¥ g iisel sly ol (FSYAVYAL)
S50 Jas 53 o30)] sy (AYAVZVTAY)

P o SoS sl e sleelin
b s g A3 ooy AIC GIS 9.3 3800 5
ksl.{bolilmi‘ )‘ u_i; Br );5.4» Colo )| oslazul

sl o3 aliy, (Wb Hlade wlidlen



YA

ool 00 Y o o Ligd >

il crase —(651 i § Sotas ras aSCD Sl eslaial b Qg -5, v\....—ljs &l

@ by ye g bl Olasie 8,5 18 solaul

sl o3> alig, Slly, 5 (Sw)l ool

Ologd 2l 5ol 039> allis, DUl 5 (Sl glaesls (sl Slasein ¥ Joux

Sz Jils ke s Shoe Glmil Sl bosls sl ooy (g JUeLo
2Slas

FIVA INFARY FY VIt FaF- Soygel SSb
\E iR fIva VP YOOV o9e5)] (mm)
FIVO OY/YY FIT VO afay Js

VYIVA YA dlat V/AY Faf- Ssel s

: (m”s7) Ul

YAy YSY AIVE YIAY YooY 5945

YA/AQ YEY YIYY V/a4 afay Js

Ston 595 Ll 5 ANFIS 5 ANN
aljs, SN, sbosls sl (PACF) ' 5>
5 Sk ¢l (CCF) Yé-'aL“*" P SWIP P

6‘)-3 Q‘ )JQLQQ aS o eolasul d";‘)'?) g')ua)

JB Y Jguz 0 mn U oshe slopst

OO At Griod (pl Slaal ) (S
sy, S,b 5l Sllsy (63 56 ax o
slo sl oS5l alplo g T 51 Jd
A oolitul (639,9 Glere 4 Sl calise
Slaws Qo)ﬂ Cowd 4 sl iz ol o
Al 90 iigel slp SWb celie Sl

ailigy Sl 5 (S9,b sla eols gl ablite Siwuwr 5 (Ji> (SKwor 355 polie -F Jsu

A A \s Y \ . )_‘_,>L'
o[e\Y ERYREY R IR “IYY _ (mm) u:lh)Lg
—fee¥ —efe oY ey NARR /oYY UARS (m®s™) Sllg, -mm) i,

3B A g (Loan (omas S hjgel
dadgd glaaSil yhjgel jo pladl ]l
3o yekie cpl gly il el 10,5 Jlo s
Om Lposls egian —as slaasl
e S N i AR
V sl Jge,d 3l aus,S 18 o) s ooy
> osls (505 Jlop slp sy 4 Vo
A oslaiwl ANFIS g ANN

s> el b g 4 a2 L

St 9 (PACF)  Si>  (Sen
S ul.uS)J )'\ Q.g.‘).gb..g .o; ngli})l
S 35,6 (R g, pled (Sai,b Jolds (6999
SHL g R R 3 59, 9 39, oleo
ol 3 3 5ey 99 5 S sy 5 gy olew
OYAYYPY) LsLasJLw 49 (R, Rt, R-2)

A oolewl Jow 98 oigel sl
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2- Cross-correlations
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1- Weighted Average
4- Correlation Coefficient
7- Mean Absolute Error

2- Root Mean Square Error
5- Weighted Average
8- Correlation Coefficient

3- Mean Absolute Error
6- Root Mean Square Error
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Abstract

Short-term runoff forecasting is very important due to direct relationship between
mangers approach with loss of life by flood. In this study, daily rainfall-runoff modeling
was carried out in Hajighoshan watershed using artificial neural networks (ANNSs) and
adaptive neuro-fuzzy interface system (ANFIS) with different inputs(current day
rainfall; current rainfall and pervious day rainfall; current rainfall, pervious day rainfall
and two previous day) methods. Also, the different functionsi.e. Gaussian, Gaussian 2,
Triangular, Gaussian Bell shape were used to ANFIS and number of neurons at hidden
layer of ANNs were changed between 2 to 10 neurons. Root mean squared error
(RMSE), mean absolute error (MAE) and correlation coefficient (R) statistics are
employed to evauate the performance of the ANNs and ANFIS models for runoff
forecasting. Based on the results of test stage, ANFIS with RMSE=7.11, MAE=2.18 and
R=0.60 is superior to rainfal-runoff modeling than the ANN with RMSE=6.03,
MAE=1.97 and R=0.39.

Keywords. Rainfall-runoff modeling, Artificial neural network, Adaptive neuro-fuzzy
interface system, Hajighoshan Watershed



