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1- Identification of unit hydrograph and component flows from rainfall evaporation and stream flow
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Figure 1. Bakhtiary watershed location in Iran and Karoon catchment
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Figure 2. Precipitation Regime in Bakhtiary watershed (2006-1984)
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Figure 3. Run-off height, Precipitation and Temperature time series in Bakhtiary watershed
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Table 1. Specifications of meteorological stations used in Bakhtiary watershed

&bl sl b (20) by oo 1 gl whilyps o whils Job o] pU oS! Jgio oK) A8
Statistical Year Altitude (MASL) Latitude Longitude Station Name Station Manager Station ID

47 770 33.13 48.61 Keshvar Ministry of Power 21289

46 970 33.21 48.88 Sepiddasht Zaz Ministry of Power 21285

46 540 32.93 48.76 Tang-e Panj Ministry of Power 21293

46 1930 33.30 49.41 Kamandan Ministry of Power 21273

33 2000 33.15 49.66 Kazem Abad Ministry of Power 21400

32 1750 33.08 49.60 Sokaneh Ministry of Power 21968

31 2392 33.01 49.80 Zardfahreh Ministry of Power 21402

28 1712 33.36 49.94 Abtorki Ministry of Power 21435

66 1147 33.43 48.28 Khoramabad Meteorological Org 40782

31 2022 33.40 49.7 Aligoodarz Meteorological Org 40783

22 1870 33.47 50.28 Golpaygan Meteorological Org 99417

25 2290 32.97 50.37 Daran Meteorological Org 40787

58 2048 32.28 50.85 Shahrekord Meteorological Org 40798

21 767 31.85 49.87  lzeh Meteorological Org 99455

32 320.5 31.93 49.28 Masjed Soleyman Meteorological Org 40812

51 143 32.4 48.38 Dezfol Airport Meteorological Org 40795



http://dx.doi.org/10.61186/jwmr.14.27.115
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.10.7
https://jwmr.sanru.ac.ir/article-1-1209-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.10.7 ]

[ DOI: 10.61186/jwmr.14.27.115 ]

WA Solize B39y 13 Gl G sshaiedr (Sgias (was &b o IHACRES (Sujglsyin Jie (L (b))

Ol o oo ol atnl g @ dlig) slogl
D o duwbro pj dlaly jleolatul b atual b s &g

i
V,=1-V, = Aq :1__B5 ()

1+a, 1+ ag

Vo g (L=Vo) IS ol & @y ol cos Vg
L] dn] ub)> )'| (e >
Oleieds VAAY U VAAY cla Jlo slrodls I gaiss opl 5o
Yool B30 bl sleodls g oiwls (slaosl
asws Hydromad acws (o (oouw oo glaosly laicas
(V) 5 okl Rstudio )38l p 5 lae 45 </A-YVF
a0 owas WS

S g b ol Sl (i (o 45l Jao
s &S IS ks le Al Sl AYY > 5 9 @dsS
ol 4 36 5 caol sl o S Pl esias
P Sy G s Sbaptuge Wles L)@ Sllee
D1y bodly a8 (63455 4Y 1wl &Y aw jl JSuise Vgone
o oviby 1y ooy a5 e 4Y WS o @iy &S
oade Ssdgys Gl ]y @l &5 (2g S aY 5 A8
Ol &Y iz Sly o 4l S S e gl
GY S wed o Glis oud ploul wlidss  Jg abl anil
2 5 oo o o W5 oo o ao 655 ) sl olak
cras baSid dop el Gl Ap o) 1) (s
&9) )] ‘59‘“’6" odlazwl ul 4 Joyfo Jilo\o\m ) oS (S g0
O9fpy Sod fF) tn lad Lzl ey o8]
Jsl @b o8 s jlasl gy ool b (slasied Vi
aY 3 g WigeSw IBL &poe b 1 ez 4Y
&b Loy 650k @b g Canl (ad oS e U 5l (295
OlgShle Syigd ab ol ijeel &b 4 learngdm
I sl Gloj b o590l oyl 45 A8 oo olil (trainim)
osals e Jils 4 v Cone gl &S WS
dgdige 0dliwd Gl Y (slagyg) 4w 0dd 8L
@ wxl g d9d e pbol ol 59y Sl )00 (Bi
Sad (295 Olyied U oddostin 3 (295 Y oy
L Dence aSd 1 guiog cpl 5o (YY) 25 02l yisled
Slaw Clbesl b odlatwl Yoo g B0 Fe Ve glaygy dlas
uul,wl » U}UQA )|)§3 Sl 9 Lg’l*" A;Y 9 Ltbug)J cowlio
bS5 ogafl 3 s Slaje (ke (Sl dulie
2 MSE jlre uds ials s & .cd 5 Oy glaie
ozl €POCh Voo JIiSG g g Veor il (gjluwdnd
» gl gy dere sl AdAM (giludingy Hline 4D
&b 5 cwl MSE ssiosliiwl (slad mb b a3 )5 L
5has Glsasl sgmoid beedly (39 dtwge cle a4y 5l Jled
2 oy Ve ol oald YFYL oS ook sl JS be
)L 9 Al Lg)Lo.:w A5 oalawl u}o)i D oy Y. 9 00)941
ol oaoald s (F) S 50 4

IHACRES _S355ls i Joo
S il oo Sllyy L Jee S S
25 BhL gl sl (VAAY) Spijen 9 oS bawy
b Jgde 5 pials (ad el Jote 93 5l Jue cnl (10)
4 bt it Jgde bawgs (K) Sloj o5 2 55 (t) Led 5 (k)
b oo dlaogds (w9 028 a5 (Ui e (S)b
b5 g Bl 3 ocdaw g,y 4 aly 51,5500
U = [C(px — DIP 7, (")

ol Mk oy s e Sty Ll p (SB cub,
) oolatwl b oS SB cugby (asls g .cwl Slalie

5 4] (¥) el

1
Pp =T + (1 - Z) Pr-1 (v)
To(ty = To-exp[(20 — t,)/f] (¥)

bl gl 0jes Slals oy ol Ty, (V) dadly yo
s Ly ) o3lizal L Cllyy & g0 (ol iad o
SS9 @ O ablg) > allhe 93 9dioe drslre
sl g @y by 2bg) ) adhe 93 (ul )l 392
Sro by Siloe Copot Wl oo ailie 93 (nl )15 3529
Nlyd Cunl sddduog sudplul Glalllas jd il Jate
b g Siddes sblie )0 jod 20 oolaiwl (gjlge )qoay
Sy (IFAQ) awd lad 4L by b &8 Ldble
W5 4 e X aal 5 X gy cbp sladilie
Hgdiee dulre o Lauly) Bl & 390 X Uy,

X = X+ X (¥)
X,ES) = —qq X,Es_)l + B ug (©)
X0 = —ag X2 + By e )

Ts 5 e ol lp Sloj b layell By 5 @g oS
Sad A ng)? Lgl)_g U.ELo)’ wl) ‘_gl.aa)::.c])lf. :,[)’S 9
g & ol lp oy ST gsnn Sealid Foly dnwlore

.w‘ DMG\S‘)l )J) ]a)‘s) )J wl

—A
Tq = M (V)
—A (A)

s = ln(_as)

cdl Sl el Ty g Tg ley ol A ol &S


http://dx.doi.org/10.61186/jwmr.14.27.115
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.10.7
https://jwmr.sanru.ac.ir/article-1-1209-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.10.7 ]

[ DOI: 10.61186/jwmr.14.27.115 ]

M4

InputLayer ] kel 0w

bias (1)

Sigmoid

wsmas 455 (Cunly) b g (co
Figure 4. Close and open (left, rlght) structure of artificial neural network

JMWWS‘MB

Joe blasl g (omwly wejls gl gileand
b objluel g (orinly (slaoygs Ll Casl (Soolgsn
bil sl (5855 e )3 b g lad g (s (B 5l o3l
clisro (slroygd 48" i play o ploul CadSOle — i
lp Gl b 9 48 Jhe 2)ly (63909 Ol
Cog oy Jlo oyl b )l 3590 0)95 bl @gliad
Joe (iwly b Bld (35 )5 0)93 plgisas (gilodnd
(Comex Wg5) H1S5 yiSTas b 5 PORT g, jl edlizl |
mly alsyo 53 (gilwand @ls (B) JK8 a8 plogl V-
Joi> Oizmen Aed e LI 1) 345 £edge Jo 93 0
9 IHACRES Juo >3 Sles obj)l slojlee zls (V)
aspo 93 3 obj)l laykae wyp b oamd e ol
Sl jlre oy &S WS asude (Sriwlous 5 (Sxiwlg
Jieo b luel doye 0 0Ll glajlee ple byS—
S8 1w U ) (5B ke (Sofgly)hee
gk kbl 5 ol (Gl wie.)si” 5 2 2L
KGE=1-\(r=1)?+ (B - 1)*+(y - 1)? (\¥)

Siwand oLl slaylae 51 ol glaedly picren
osrde Joo | g colpedy blid ogian e 4L
Ao ye 3 2Ll Jlre 45 Sy cunl Sy, (351
ol 1y sidsd BB lie pgeil abye 53 g jeel
P ras 8Seb g (Sdeie Jlo @l (wyp a3 e
buwgie e &5 db LS sddesalie pilie L dwslie
S 5l oolial Lylpd 5 cgjlodnd llas olbs Lols
Foghe IV (Siidgrnn Jo g e /YO uas
Jle 4 Cud pae &S o)l SboasT cul
5 Ol )3 (V++0) Kb @l (bl ol (Sojslgyn
Jo g Gl 3 ase dix )3 (VeoT) S8 5 b
25 Ok Silwand » YL Uy IHACRES
Ao (g g 4 425 b o)l oS Colus b claass

A5 yedy dadto g gy (o2 y0

VY il g 5lee /T ojles /omd lan Jlo su5e] 059> o e doluiiang

Hidden layer
(100 Neurons)

' ’ output

Bos (@ '

>) At (5 lone =¥ JSS

) s)le

(Jdo gilwdens culilB & 1,18 slasel pdaw iul38l (ol
sl cwl yope Gileans ol bj)
el dwlis gy uomed g SrwCous g xiwlg
oslitul il (glomsls I Ladly polis L la i
il glp e laghyy Sl B cnl > 298
(O07) Legs =Sl o ps ad odlital Jio 9> 2 gl
o bug cups (nl g b e dnbre (V1) dal) Blas
Dod o yal 1wSOle g jlme CBlyol o Siumen (slgie
& Gl Ly S-S o s Jlde 0,8 );5‘» Sua xb
ol S ] Hlade ,SL\>

S5Lm>|: O Jo cwls &S cuwl L};_I ol lis
Ol Slde iSlis a8 5> 3925 ol g jlwdnd 9 (Slaalie
o Asl /YD o /YF o Slade cpl STl S sue
VD) i ST g 9500 sled 4 iSucals) i
N o oy b Gleand @ Wl
(W)
Y (x,-x,)
1 72:' — (\)
Z;.l[""’ - “n}
Ol JMe (g 5 dm (gt (§ilkme 3 (R)omesd

B3 e utw 1y o dsloce og5s (1Y) dladly ol 5 il

R?

(")

i S %Lee@.b Sl 2Sas 3 o0
MSE = - 3(X, - X,)? ('¥)

Sjle dwlio ¢l (VF) dasly (MAE) et slhae (nSSko
4 dog b ooddgilodnd yolie s clhs ojle
D950 )L{ 4 (X W) d):§°}l'\5‘ )i)Ls.o

i"ro - -\'5| (W)

MAE =2

1- Nash-Suitcliffe efficiency


http://dx.doi.org/10.61186/jwmr.14.27.115
https://dor.isc.ac/dor/20.1001.1.22516174.1402.14.27.10.7
https://jwmr.sanru.ac.ir/article-1-1209-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-15 ]

[ DOR: 20.1001.1.22516174.1402.14.27.10.7 ]

[ DOI: 10.61186/jwmr.14.27.115 ]

W Sl B39y 53l G sshaiedr (Sgias (was &b o IHACRES (Sojglsyin Jie (L (b))

Srden Jhe 4 Cud (uas 4SS 3 (L @l
I s 0es gt Yoo JJs & IHACRES
e bodwglio > Qllyy (b gilwand > (Jgd
il il ol o) (295 > ondosalis
wegas ) Oglad flie (miwly dpe 3 (> Jod LB
9 omsS Bl L ojge cpl &l Jao nl LK
Cuvyy Bl 5 (Vo)) hlSan g (awydo (IVAA) o)1
Sy cdsllas (Y4VY) o)) 4

simulated

observed

L ades 0 3id ol @l dediee doy ol
Syt (piomod 35 LB o) p dyg0 (55065 Colus
O iy 009 G5 (pl o adllas 350 ddlais gw)‘
liwd jobaiedy e dew Jio Sl edlatel ol Sl)L
Sl o 5558 IHACRES Juo & Cowd yipg o) &

P s S Jod JB LUy (¢ 0) JSS Gl
aligy ol Gilwand pogMe gl ol (gjlwand
5 ome @ L & cwl G ol ey LB W
Sy cisllas (YY) o))

I

served Data © Observed Data
Simulated ANN — Simulated IHACRES
.
0
2
S
3
£
= .
= C
T T
0 5 10 15

observed

e b g (Seiglgpien sloJue (il 093 1 (0) Jlo Sy g () (omily Ao (gla Lo a8 ) (giloand @l -) S

e 4§w.4 5 u-i’ﬁjw'\““ Jde L;)L»M olie Jlis j0 (glodalin sla o polis i (>9z) clalrges
Figure 5. Calibration period results in total years (A) and one year (B) by hydrological model and ANN
Observed and simulation graphs by hydrological model and ANN shown in (C, D) section, respectively
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Extended Abstract

Introduction and Objective: In recent years, river flow forecasting is one of the most
important issues for water resources management in Iran. This prediction requires statistics and
information, unfortunately, most of the basins of the country lack data of the desired quantity
and quality.

Material and Methods: Therefore, hydrological modelling and the use of artificial intelligence
are examples of solutions that are used to solve this challenge in hydrology. The criteria for
selecting the appropriate model for this process are to evaluate the performance of the models
according to the hydrological conditions of each region. In this research, IHACRES model and
Artificial Neural Network (ANN) were used to predict the streamflow in Bakhtiary basin. The
data from 1984 to 1994 were used as calibration period and the data from 1995 to 2006 were
used for validation.

Results: The evaluation results of the hydrological model and the artificial neural network were
evaluated using Kling-Gupta, Nash-Sutcliffe indices, coefficient of determination, mean squared
error and absolute mean error. Results showed that the artificial neural network had better
results in the simulation in all the evaluated evaluation criteria.

Conclusion: According to the results of the methods used in the research, the artificial neural
network method has a more accurate prediction of the Bakhtiary river flow than the
hydrological model.

Keywords: Bakhtiary basin, Data-driven models, Flow simulation, Rainfall-runoff
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