9 (ANN) (£ guan ouas 45 b 9Tl ) = i s wiaT 9 5 sludni
03,15 & 20 09> yO HEC-HMS Jow b dmylio

'Sl sl L o — ¥ ity Sgacme — pySilgs Lo ule
AB/A/F 123l s fo b

AVIN/Y s 5

PRV

i 5 SUlgsm o)l 29l sl 10,55 50 VL Comnl Sl ] g & ol aanls 831509 sloonyy 51 (S e
GBaa ol 00 dlgidny oty ol oo (sl iliske (sly gy Sl Cawl lods Wilise Jolge (6,138 5T Lo
HEC- Jso =l b gt]” - ook .\.uT)B Cilwands (ANNS) S Gean uac Slaasis L;.\J)lf duslde yingl C).LI
5 (Sl deliny pais sladses gl g b 0035 p Sluls 8y Jled > #dly 03,8 0595 jolaie opl &4 .l HMS
st 48 g (8,8 318 LS gl (0ad i3S elin Ve 4 boype 00l ¥+ £ gacs) mej 91319) Lgl.m}o.;.g]
als o 1> aS i sla el o3 S Jlixe s ools [bjge] JKS=S s b 3l eslil § (i8] g vy b (e giuno
@iy o29) 4 HMS Jae 35 o] (sla o293 )3 (RMSB) s clayye (550 aityy e (525208 355 (S jsel
“1"1_"]9) > g (O J_< a 199_9).0 dloJJb\_..wo 9 03 d)l.wst:.u» L;Lho)l.) ANN L;:I)lf L?’L’))I Lgl)" .A.:.))f ])>| SCS
(o (N[LP) Vs ey 4 s u*’)?"i oAl 5 &S sls Ol ol S duslds €51 slele; g C?I b o
S (Siod oy i Siloand (g €8 L) SUly, - (3l sl 8 (o) Slhe Y s 53 9y YA Sl
sla 0 b g ojlul ANN Dol Guwd 4570/49 5+ /AN i 5 o slodnlive 5 0 (g5lwdnd 91319) a9 (20 slrosld
.))9])_3 u’l_v]a) C9| L;Lmu.o ul.n) 9 o)].\.vl LY Joy).o M w)..o Oyl AAT Cuwd 4 VN 9 +[AY uus) x> g (29
slaoslisl e (ool ixe @Ml (403 slazel s it g0l 53 b dy9lp +/Ve g +/AY LS5 a0 Jdo b odd
U099y 93 ylus (o)ld iz gLl Al )T cdond (3 LD 0ayd Hlal 350 (gl yiol)l dod 4y bgyge 0 (gilwdnd 9 (slosali
HMS Jas jl yiig ANN 85 b jiol )l plos jo 5" dad oo ol 4y )l 4y Juo g9 a3 Slos dunlie Jg el <l

Cwol 0)9{

Blos 1555 5 Sdoms K3 s 51 5 o 5 ST, dodio
Gz ladie 5 o oo By Aok T b e b e 5Bl ol o e 5 Kl sladely o 4

s 6LA4§._&¢_-‘ ol JM LAQT JJ)TJ.{ 6‘]1
L aS sl oo olasystws 31 G (ANN) T o yas

05,5 slial 5 Hbskiwl o T Glaejlo dibyl pwlid I8 wist gl (Bl i 5 =)

(ol b Gt.ﬂj Sipslas r}k— Cxiqutsf—\_)_j g oS sl T g
AL jle oKl

2- Artificial Neural Networks (ANNs) Email: m.raeini @umz.ac.ir  J i et 5=



VY a4t b Sl — bk aiaT 58 63le

83 g ilwacd g b el el s 5> HEC-1 Jue o 5
2368 Elr o) 53 B (23 3,51 1 (6l 3,05 6 ph
5 g m et 55 93 51 (1) 0L e Ol 5 Jlad
o 5l 3,5 o3lizul (HMS) ¥ o binT (g jludie ailela
b o — s gy e 33007 p sl S 28 8
JEIRYTE PRV WP I PIS W PRTCION Ry
53" 55 55 0L e 1 g S il Sl el
PR S 6 o gl 05 03l HMS Jue
=2 L OV Jla 5 e el dal g Cws s s 555
Olgs 4V 95 55 Sl ealimul ¢ g0l d> 0,3 ANN
03 i Olgy e ljl 4 g 5 o8 s 8 sty
Ss! g;p\,u Lal 358 g0 Joolom (65 5uge 4K (51 )
OL o pols 5 Aok (ol ke, Coanl a5 o 6
T oot OF) (ils 5 O g ls L a5
o by Jew (w52 ANN 5 LS ST U,
U S b 2U S esline g S b ko)
5 e "}?ﬁl’.u‘"’ &S sls plis OUT@L:J'.\JL;);O}L&;M‘
Ll o8l slmo a0l A0l g5 o ANN (65 555led|
g 6l )l e (Ll ST i YL Css
Sl o) s eliinT 5l (6 i Sledbl 4 ANN 55 50T
S 5 (o san omae SEUYY) Sl 5 ST sl
L obeojsm 53 SUIy ot ¢l 2 ) (oo s0e Je
iglin ) A Sl (ol 5 58 sla S5
;M:&q:)l}»wﬁﬁﬁy&&;”p@lﬁ
22 50313 6 a8 ol el Ol 5 ¢ iy L
S AUs sl Sloy slaejl b S Tlg - 5k s5luans

Jie <OA) 0L 5 HLS oy ol o gie s,

7 - Hydrologic Modeling System
8 - Kirpich

9 - Concentration Time

10 - Sigmoid

SLaoydy Ul o 0Ll o s &S 51 5515 51
s Q) Ll oy o 4o |y at sl 5 odoey
Ol o GME bt Jos 03531 L (e S 0 5
S5 05 f g 45 i b oS ae 2550T 056
L e w23l tn 7 06 nen b (sl S0k 056 5 4 Y
Loeuts3ls 505 B S 5 BP) T 28Ty f o) S - b
ok e e S slis 53 B85 G 5
Q) LT
OT aeT o el T 5 5 Ul ik oy (sl
o3kitul (5lmans 3@ SUS sladde 3l 0, Kemys
ol Jle b e mS e e L) slodass iles S
;.’T‘"})_J"JL. LT3 2 Sl s DM Slabr y 5e
s b Jie 50,5 (gilwand aalal 3 1T o5 (sl 1)
oS a5 5505 35T 2 1) o 9l Ol 5 o2 YL
Sl bl asltng) o Jom iyl iy 6l (V)
5,5 63l ul GIS Lame ;3 HEC-RAS S5, Jobe
OLIb Sl gy 53 fow (sluags sl 55 (V) 015 e
F30 3 Jeol gl dn s L 9 S 48 4 HEC-1 Jus
-’Léﬂ-w S leis 50 5"SCS 1L 2y s
‘uﬁaﬁ_ij,:,s&_“;él_la}'\_gsc/s Sy S s S
T3 e 2 e glasl ) ol la o
Gilwan s U oY) 5 S8 en)sT o Soleiw
“de QLS g aalel O me glooj o 55 STl - 0L
— 93590555 4anT Jdo 4 Cws |, TR-20 s HEC-1 (sla
Slaesls il U pimmen . Cudls Jowle olsn 5 T
S b, g maw (So5b s Sy w by 2

1 - Conditioning

2 - Single Layer Perceptron

3 - Back-Propagation Algorithm (BP)
4 - Microprocessors

5 - Geographic Information System

6 - Soil Conservation Service



WAY Jlo Yoyl YY s (5,9l asloo s poke) S g ol aloma V¥

() 355 g0 sl S8 (s 5

Gl o 25 Soglize 4Y aw JIANN S sl
5 4Kd 5 Laosls ise 45 (63555 4V (Cdl-) JSK2)
b edge 1 LaOT 33ls T3 (0lg) Sle 1Y
I il as clmests B5ls 5 0958 55 s Y
() das o Ol 1y 0T 5 Shas 5 25 5 «aKs (35,55

il 0L o S 58 o) JS8) Ty 5
(ol 0 0513 OLES Y adaily 53 48T Ol ool Sk
j@af@\@dfqgﬂw&g&:ﬁw
S b Jmtl g smaen 51 05,5 8 3 LAl 63555
oSl g Pi(=V Y a) ole LP (63559 il
Vol lde ol os & Wil =) oY o ) juolie LW 05
AS o 5D 055 L

k
nzZpiw”+b=WP+b ()
i=1

053D 562555 512 sl eyl sl K YL alal 5o
2 (o) e ml Jlael L 0L s ol T
() 39l ¥ sl O g a5 >
a=f(WP+b) ")

WSt Ml o DLl (g sleme dl> 0 )
oemen s LaY 35,8 51,8 K88 5ol i 8
10 5 VY) Sl b3 odes 4 Jlal 5ol 5

055" U Yo a2 Bl 0k 40T 3 (o) 1 55k &
Lo aS LT U (dy culons slgiy lies o s,
el La gy eyl (655 sl lin 0557 b il oo
ClLaaSs e T S alin Lzass cpl Coda .ol oS
Sl x oL T 3 (g5leans 55 (ANNS) o se cas
A2l HECHMS Jie sl b sl 5

2 - Middle (Hidden) Layer

3 - Neuron

4 - Bias Weight

5 - Activation (Transfer) Function

055> 33 53 4155, 0L o (Silwand 5l 1) ANN losU
e L OUT s LS 4 glite oLl bz b
A (el 55 slaej o oS L5 S sl b
35372 8l ON) O 5 JiS01 L5 s 055 25
O3 Fe S 5l S0 kol 55, &K Jow 0L >
o st e Jie S5 L 0T s i 5 o Vot
ado e y3 eV iz O 2w 4SS ST sl e S
Sloosls (ol s 5 0335 Wasls o33 J b 51 lae ¢ 3 50T
WS n Jas rgie Sl Sl i 555 Sl S GV b
Si y oggie Gladils 5, o auslin b () Slake
(Ul — gl anT b (jluand )3 o sian ae
4 ANN quuJ_ii:\%wuﬁ);J:;O\};pﬂ
OT Lo 5 (il Ly 53,505 5L (5 28 Sledbl
0L ANN s oy 51l 50LAT 5 5 o
a3, Shes ST 5 0lej 55 onsge 6L&JM_9L_;1TV§
Ll S5 Hlacs ol cods o pde S5 eeT a0l o iyl
il I8 5T s St s Shee j3 1y 55487
23 codas 3 554 5 (0 5 V) O, Keasl iy sk &
S >, SNhas ANN ooy 5 4 ldl fslaws Jodoos
S o s oUly 3l ol ss b Sl Candes 3l
3y ooy Slaesls 25 5 5 (635,55 Obe (o5 dal)
a1 805 L ol 55 4l pgs S e )l 5 i
62955 SLeMbl 5o Lt 5 2 5 & S (6 5208 Sl
ol bl g el ol Jds s e Ol 5 55
gﬁ»lfui)'bﬁ. LT3 a8 gyeb a el Qb)&b\\a%
Sl Pl a8l Gl 5438 5 5o (3l SlS
ol Do 358 Joaos K5l 5 OIS S 4 plos
Os oS L 5 03,8 fee Olejon K55 W0
3:J_§L¢.¢):L;j_ufhriu,;chuOTj\¢§ﬁj_Aﬁ_w

1 - Distributed Processing
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Comparison of artificial neural networks (ANN) simulation of rainfall-runoff
process with HEC-HMS model in Kardeh watershed

A.R.Jahangeer — M.Raeini — Sarjaz — M.Z.Ahmadi'

Abstract

Flood is one of the destructive natural phenomena and being able to forecast it is of great
importance. Simulation of rainfall-runoff and flood is difficult due to influence of several factors. So
far, different methods have been suggested for their analysis. The aim of this.study was to compare the
efficiency of artificial neural networks (ANNs) in simulating rainfallsrunoff process with HEC-HMS
model. For this purpose, the Kardeh watershed which is located in nertheast part of Great Khorasan
province was chosen and based on several precipitation hyetographs and their runoff hydrographs
(total of 450 data from 30 selected phenomena) the study was performed. Back-Propagation (BP)
algorithm ANN was learnt to the data using sigmoid activation function. The criterion for selecting the
network parameters in learning stage was producing the least RMSE in ANN outputs. Based on the
SCS method and curve number (CN) the HMS model was performed. To evaluate the ANN
performance, the simulated and observed data of total discharge and volume of runoff, peak discharges
and peak times were compared. The results showed that based on Delta learning rule the multi layers
Perceptron (MLP) network with 29 neurons, simulated the rainfall-runoff process with a high accuracy
only in the middle (hidden) layer. The correlation coefficients of the total discharge and volume of
runoff were found to be highly significant (r=0.98 and 0.99, respectively). The ANN model could
significantly simulate the peak discharge and peak time values (r =0.98 and 0.83, respectively). By
analyzing the HMS model performance, the correlation coefficients of the observed and simulated
discharges and volumes of runoff werefound to be 0.82 and 0.98, respectively. Also, the correlation
coefficients of simulated peak discharges and peak times with this model were 0.97 and 0.70,
respectively. By performing the T-test analysis at 99% confidence level no significant differences
between observed and predicted‘data was observed. It can be concluded that although no significant
differences was found between the two methods, however, the results of evaluated parameters showed
that ANN predictions were. more precise in comparison with those of HMS model.

Key words: Simulation, hydrologic model, Rainfall-runoff, artificial neural network, HEC-HMS
model, Kardeh watershed.
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