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Introduction

The watershed acts as a hydrological unit regulating the quantity and quality of the water cycle, and human
beings have incurred high costs due to ignorance of this complex cycle and lack of planning of projects in terms
of the relationship between water management and community development.

Knowledge of features such as maximum flood discharge is essential for the design of hydraulic structures,
such as dams, spillways, bridges, and culverts, in order to reduce potential damages and predict when peak
discharges will be reached in the downstream areas when discussing flood warning. Rainfall-runoff modeling is
one of the key tools in hydrology to achieve flood characteristics, such as peak rate and peak time. In current
research, the performance of IHACRES model using "Hydromad" R package has been implemented to simulate
flow in the Shoor river basin in Ghaen on a monthly scale. The model simulation was done to investigate the
effect of selecting "ARMAX" and "EXPUH" methods in the linear part of the target function. Also, the modeling
process and the optimized values of the model parameters were investigated.

Materials and Methods

The Shoor river basin with an area of 2412.92 square kilometers located in Ghaen between 59 degrees and 12
minutes to 59 degrees and 14 minutes east longitude and 33 degrees and 42 minutes to 33 degrees and 45
minutes north latitude. The study catchment with an average altitude of 1420 m above sea level and an average
long-term annual rainfall of 173 mm has a dry climate. This river is the largest river in Ghaenat city which flows
into Khaf Salt field. In this research, the IHACRES model was implemented using the Hydromad R package. To
perform the flow simulation, precipitation, flow rate and temperature data on a monthly scale during the years
1998 to 2017 were used. The IHACRES model has two parts: the first part, which converts precipitation into
effective precipitation at each time stage and the second part, which converts effective precipitation into modeled
flow. These sections are called nonlinear and linear modules, respectively. To implement each of the sections of
nonlinear modules and linear modules according to the data and conditions in the study area, methods with
different parameters can be used. In this research, in the non-linear module section, the "CWI" method and in the
linear module section, "ARMAX" and "EXPUH" methods have been used for proper routing in the "reverse"
calibration section. In the validation section of the "Is" method, the performance criteria of KGE, NS and R?
were used to evaluate the performance of the model in both calibration and validation process.

Result and Discussion
Comparison of obtained results in this study with previous studies showed that in terms of examining the
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performance of the model with the EXPUH linear method, the obtained results were consistent with the results
of Sadeghi et al. (2015) and Lotfi Rad et al. (2015) and the model with the EXPUH linear method. The NS
criteria has shown acceptable performance. According to the results of the model in the calibration section, in
terms of evaluation criteria NS, KGE and R?, and in terms of simulation of peak flow values and the time to
peak using EXPUH method in the linear part showed better performance than ARMAX method. The value of
these criteria in EXPUH method is equal to 0.86, 0.93, and 0.86, and in ARMAX method are equal to 0.7, 0.85
and 0.73, respectively. In the validation section, the evaluation criteria in EXPUH method were equal to 0.51,
0.63, and 0.54 and in ARMAX method were equal to 0.55, 0.73 and 0.65, respectively, indicating better
performance of the model by ARMAX method. Comparison of the EXPUH method, and also the model with
ARMAX method showed more accurate performance in terms of peak discharges, quantity and time of
occurrence. The values of NS, KGE and R? evaluation criteria in this section were 0.51, 0.63, and 0.54 using
EXPUH method and 0.55, 0.73 and 0.65 with ARMAX method, respectively.

Conclusion
According to the results, the IHACRES model using ARMAX method in the linear section resulted in more
accurate performance than EXPUH method in simulation of peak flow values and time to peak.

Keywords: Calibration, IHACRES Model, Rainfall-Runoff Simulation, Shoor Ghaen River



S g ol a i

https://jsw.um.ac.i
ttps://jsw.um.ac.ir A

d"'.:'hﬁ}»’: Jlae
YeoolV (o AFe) Cllgmd)l - (52859,8 ) o)lods FF ul>
EXPUH 5 ARMAX _hs sla_ss, 4 IHACRES Jus 5 Shas b3l
(P8 ys Had alny, ad 9> 163,90 arllas)
io:b’ uji.sl umk..a.a —rd.&lﬁ L,b))x Ly —eﬂo.:b' Ls"lfiﬁ'“ S —‘.:\.'Jf,a.? 6°YJ§ Joeo

VROV NN 8L 5 b

L CRVARVAR AR A

2SS

G 4 sy 0lo 5 g8l (20 Ol 2le oMl Sluogas & aliod (sl STdern 10 sl sla il ) (S Sl )k gile e

L8 jad asliagy ades by (gilwand gl R s > g hydromad )l3éls 5 aws B )5 IHACRES Jao o0 ol )5 .l g4l
Pl_’>o| d])_) ) [t 5s) 5J..\_A u_b M ) EXPUH 9ARMAX dl.&vuua) L ub‘s) L_S)L»w JLl U’l .))Sl.o_c 9 uﬁ)f )l)ﬁ? b.)l.fﬁ.wl.))y
Jie sl el yby s edlaiuwl VYAA LAYYY sl Jlw b aslale ulide o Led g by (03 ¢ i,k sloosld 5l ysSde Jao b (gilodnds
Oy e g zol (29 JMde (gilwdnd 0 Jdo rwions 5 (g slaplE  us iwls KGE Gua bl esli] L IHACRES
S99y 3 9 I AT /Al e & EXPUH g, 55 aylas oyl e .003,5 oolizl R%g KGE NS bj,l slaybiae 5l e gl (o3 &
bosye o555 5L 0 ARMAX 5y & s EXPUH g, s 5,les (goimd )lis &5 adapule «/YY g «/AD /Y 5l ARMAX
PR .))9")4 <[5 9 VY o [00 9 <[OF o [FY o /D) ﬁl){ [GWINEY ARMAX 9 EXPUH dlmuib9) 2 uJLv))l Lg‘.lb)L.M G (Sewlouo 4
el sl ol 3 ARMAX sy b Jso cpismes 5 Casl EXPUH i) 4 cons ARMAX 55, b Jto g 3,Slos oniad oylis

N IHACRES Jue 45 ol cllae oy atimd L ¢ 505 gl ggame)d 313 (Lis 365 51 (65585 5,Sles £58g yloj ,as 3l ¢ jlude o

ol a2l (655385 5,Sloe EXPUH o5, 4 cuwd ARMAX 55 51 05l b caalllaygo ddlato

iuoly IHACRES  Jao «blgy= ()b (g5lodad (36 5o ailiag) 1 60l slaajlg

L‘)_g.] 5! u.ml_?“.} Jb oL.,dl 9 -\JSL;O Jes L..Ji L4 CuS
byl bld s gyl 3 (g5540b 5 (5idlh 55 g odomn (gdd >
o3 (gl 8 sloaisjp Jocio ez Y5 g Ol e o
Lol

o sl Jow > Sl A5l Slogas Sl el
St 2 5 5 Lnly o doss 1 (o slaogles
P ol (e ) ole) Gt 9 Jlisl ohlus als
5 Qelid)l5 ol (6)9 08 S jlaid Cony )3 Cumdmly slojly
Crmr Aolee WSlgs 48 Wlodgs )] (o 3 6)lgen Ol plie laaswe
il byl )3 g gl sloase o1, Gy, 5 (Sl polie
Slghd SUlyy = (5L sla i joyal Uil G165 Sloj
g 4l M (b Cue Solite s Samg 9 CubBl
(Dooge, 1973) wloss 03,54

doddo
= e OV 50 G950 Cage (e 0)S (G9) g g Ol
b K oy @ Olygo AP Q?.l dlos 3l a5 ous O gdaw

Pl e OB Jslse ol 355 o)Ll g a3 e
(Baddoo et al., 2020) 15 0 sbu! ddlaie (653 Juw

9 CxaS oS ol (Sijelgyd dnly lsisds joul asgs

iz o o8I (Ol wtige g pole 09,5 O wlio wd ) wlidylS commitily =
oBsily ol awdine g pgde 0955 ¢yl Ll g jboliwl o —F 5 ¥ ¥

welll s g JUuSitd (clingly 095 (oole b guds g lpl iz e
(Email: mamirabadizadeh@birjand.ac.ir  : Jstue osiw g —5)
DOI: 10.22067/jsw.2022.74115.1122


https://jsw.um.ac.ir/
mailto:mamirabadizadeh@birjand.ac.ir
https://doi.org/10.22067/jsw.2022.74115.1122

VFo) Colguad )l — 3385958 ) oyles FF Wl (S g ol 4,5 Yo

Ol (38 a1y Aldg) p wlll jusss S (g0 o (S
s oL NEX-GDDPosls dcgoxo il sslisl b i jos
5 93,5 gyt 55 |y ysSie aldg, o (6 lwdnsd ,> IHACRES
o Como 0)93 33 5 <17l (mily 0)93 3 RE L)l o
oo S 0y L 3dod ) ol il awle +/0Y oy
D ySde B0y, (00 (gilwdss 3 bl oUlg IHACRES
,»» (Hafezparast and Marabi, 2021) ol g Cuoyy Ladls
IHACRES 5 s5ine oas 450d slo Jho duglio 4 iios
o 9 S Sl S 4y 09 p 3 w09y 45 gt
Slodlaiwl b egiume uae &b Jdo 32855 oyl jo a3y,
Jie s sl yldlay, s L > 5 Scikit-Learn asbsols
Lo lxe .05l 5l IHACRES l38lp 5 Lo e ,5 IHACRES
593, IHACRES Jua_s ,s RZRMSE MAE 5 NS _L;)
0)93 )3 9 /AN AN 5 /VY , ly o Spa ol
Jdo )3 5 /AY VY AR 5 /8N ylp g 4 raecous
MY g 18 plp e (Priwly 0)9 )3 (ghan (ovas 4SS
SIVA 5 <10 joly ol (oruwcous 0ysd )d 5 /AT FIVY
Gy odmd )l 3.dns oyl ol plply LAbduslbrs </FF &)
Gl (guas uac aSub Jdo 4 cund IHACRES Jas
oo i > (Sarraf et al., 2021) ol 5 l)0
Sldas g (elata] CoSie silodinge bt )osl 5,Sos ()0
g IHACRES Jas 45 ol ()it b 5 g9
38 S 5 o5 3,8ks 33y il > gily Sn clasl ks,
@SSl — o ol gl lixe 1 iod (ol )0 sl ail
GeSe slai e S gl Lo ool jlade 5 Cuwl sdboslasuwl
JEA g A ol b A Gbs g g guns Slles ¢ elois]
WAy JLe ,» (Lotfirad et al., 2018) |,LSen 4 3, k)
e SeaSan gy QL) (e (lyis cnd (dng 5
s 4o OS5 09y96 3o pl adge 3 IHACRES  sogpdeders
SeS & (S 2906 ade SUlgy 0yl hmgd ol )3 Al
IS 5 o] diljgy (00 sloosly 3l eslawl L IHACRES  Jas
Ol ol ailjg; (slod 5 )k sloodls 3 g adg> (295
0593 Hla—ied u WAY L5 WA 090 b a b |8 55,0 0
oo 8)93 lemisdy 5 VWAL B VYAV 0,93 5 (ygmsl pudllS
ol Jie 2WLS s sl o el @l b (sl
o sls Sils 5 (BIAS) IS (sllos (8o 5 (E) Sl

8- NASA Earth Exchange Global Daily Downscaled
9- Python

hobr @losr s lboss ekl Slom il slads
«h> THACRES® Jae .35, Jdeo & (639)9 (slaodls b cuwlio
Wl oo Slgym iyl (gilwand )3 St ogrie a2 )LSe LB Ly
lidios ol ool ailaawg 128 Jlo 13 ¥ 5o Lawgs &5
oy il S gonm alolis 3 Jue ol &S amd e L azsis
Ol 9 Gy 5 )k slaosls I Jols (b slaadlye
Loayse ol (slmodls 3)9] Cwd 4 jd (g)lauid Jd & g,
S S 0l L g Siddas 3blie ;3 059 ( S5 sl Jue
SHk ol silosnd @l olol Sy 5 2 Jo
(Ayele et al., 2017) ool SUlgy—

aal (Abushandi and Merkel, 2013) S o 5 (s5liss!
Sade ) Sllyy = (Al Jie 5,84 lp )ls g
Sl Bl oad gl lojlgale el JooSS Jlos> 4 St
S gansp 5 Uil ol S il dgs LS, xe (e
11y 390 39390 el Cygods ol SleMbl aS 31 Jdgd (o3l
IHACRES Jis .055,5 (55l Js HEC-HMS 5 IHACRES
HEC- Jao & Cons el gloodly (gilwdnd o s 3 Slas
(dSSlis = [i3) Jae )8 oy &S (gysbay by i HMS
el Cawd 4y +JM g +/0Y 55 4 Ll

Jies 4w 5l (Ahmadi et al., 2019) ,LSen 5 (sios]
Ulg iyl (65ldunss (gl IHACRES 5 SWATT.ANN"
odla ] YL g alale cdsljgy ypody oS ddlaio j3 (slase
A boadal sla Juo ol ol lis ass ol gl 60)S
NS? Lons) 525 oo 59 31 it ANN. sl 5508 55,5
Siaxe g VIV 40l RMSE” jLixe c+/AY 1l R? Jlre /A5 il
Jins) SWAT Jio eiyioman 5 (45 dploxe +/+A 5 MBEY
Jno 9 YIY 11y RMSE jlise c+/8A il R? Jlns /50 1,0 NS
IHACRES Jas §) ;s 5 (4o duusloxs —+/VFA ),y MBE
YIY 5ol RMSE Jlxs +/0A ply R jle <+ /BY ply NS jLiro)
Joce a8l 5 ol (A abo +/+¥8 4l MBE jLine
wpb Jg )by giin gled K> Jie 90 4 Cuws IHACRES
sl 3 6

» (Zeid Ali Nejad et al., 2021) )L Sen g 0155 e a5

1- Identification of unit Hydrograph And Component flows
from Rainfall, Evaporation and Streamflow data

2- Jakeman

3- Artificial Neural Networks

4- Soil and Water Assessment Tool

5- Nash-Sutcliffe

6- Root-Mean-Square Error

7- Mean Bias Error


https://elmnet.ir/vslg?url=https%3A%2F%2Fwww.magiran.com%2Fpaper%2F1829425&type=0&id=1861154
https://elmnet.ir/vslg?url=https%3A%2F%2Fwww.magiran.com%2Fpaper%2F1829425&type=0&id=1861154
https://elmnet.ir/vslg?url=https%3A%2F%2Fwww.magiran.com%2Fpaper%2F1829425&type=0&id=1861154

Y\ EXPUH s ARMAX ks b sy b IHACRES Juo o yShac il 5 oy 5o 3 b1 pai (55¥ 93

o Ao o )b slaodls I THACRES Juo sl ! sly
430 sy Lod (glaodld 5 4l p CoSo o s (23 (glaodld
sy (glmosly )5 eolaiwl dilale ubide yo ol )5 Sle
Mgas D)5 A o9 bl bl gladhaie Of eS8,
Y s JSs p0 sains (pl 5o sddeslatwl Led g (03 ¢ )b (slaodls
9 o9 sboodly &S Cuwl s 4y p3Y Ll sddodly iles Y g
9 P8 Sitginw olSiun] )5 3dod ol 55 00 oolatwl (gled
o] Sluastin sl ol cud WleSiss (5 yi0g ) o]
Obis ) Jgia ) B St ol 5 Lle S (5 yiegy

Gl ol 0ld

Jue ,GALw

sloslazwl L g R I8l 5,0 IHACRES Juo udss oyl 5o
55 Ly IHACRES Jaso i 1ol " aag ol (g)l38lp 5 dty
Foe o0l 4 Gloj o8 3 |y ()l & g Syl (A
Sibedise ol 4]y Foo (5L & 500 (e 9 S e b
Jojle 9 (s pd Jojle i b 4 bayicn opl S e s 00
. (Dooge, 1973B0X, 1970 ) X oo 0l  Jas

(b Joile 9 (s Jpile sz il Sopm 2l sl
3 olsse adllas 3)90 dilato )3 39290 Lulyd g bhosls 4 4295 L
2 e sl el 3a5 ol )3 0,8 odlitnl (Sglite (sl b,
3 s Joile s 5o 5 "CWIT™ g, 51 s e Jgile i
1 caslis oo (gl "EXPUH o "ARMAX™ o,
3 i Coro sy 3 g INVerse"” i) 5l oeuly S
A5 ool IS s,

(ool s ) B3 B0 4 ks s
3 s e i 33 Jao ]l 0 45 5 plolan
Sl (il el (gl gy ol 50 WA eolazwl (CWI) i,
Do oo odlaiwl ¥ g ¥ o) Laslg,
T = T, M062(Tr=Ti0 ()
5l U plgsan 48 cul S S cus T ol o o
fogs Sis ade UuisS o Job a5 Slojcde Tyyecunled
Slod Ty (il i 0 lod soly oy puib) bod iy b6
Ak Jloj pl8 s 13 Led Ty 5 & 0

2- Hydromad

3- Catchment Wetness Index

4- Auto-Regressive and Moving Average coefficients
5- Exponential unit hydrograph

6- Least Squares

wlg )93 )3 odelcundds ke a8 A5 43l (ARPE) G yelyb
U dny L oS sl Cawd 4 /55 o /00 ol py oo g
oy B i Sn gy ol

o3l L IHACRES s | o0 plosil colalllas IS jsboay
25 JyB B 59y Slac yoye Golia 3 Jia ) o o
Hemd e gl 393 5l g3 (93 Shes i dor g Suid 3bla
4 S 5 2os alale g ailjg) olide 3 Jao (ul (piopen
Gl i Bue @l I (LS8 Cladod )3 93l gele (wlde
3 ypyge Bid gy plw Ly Juo 3 Slas g oidoslital
IHACRES l5 8l 5 )3 a5 buljl cphaio pwad 4 ol a2b S5
Cadghone odliuldyge Ban lgi g (o pd g (b (slayise
A ol 55 b ookl " eg,ula" (651 5 A 10yl Seg
3aste Loy (Jde (b pd g (Jad laisu 3 )l ley
g o opde Cilio aan gy 51 o3liel Sl g odbolonS
2,0 3935 Al 53 D950 BAB

A 3 ookl U ¢ 3z ol 0 s gl d)lge 45 dn g
Jae 0, Shos R Loy oxo 53 (g 45 5 "aeg e (o)l58lp
15 7B o wlsgy atlate 13 by (gjludnsd (sl JHACRES
slagigy ool 13U 5 58 oLyl 90 wlale olids
ol bl ,3b 5 g s Lisk 0 "EXPUH" , "ARMAX"
e i Jde sl plie 5 giloJre 29y 5 KGE an
2o )3

Lo iy, 9 o190
dadlaoy ) go dilais

Ol yed Jolds (j9 ailsg)) adlllasd g wilsg) 5yl as>
L5 addn VY 5 )0 0% (o mpe yioghS YFIY/AY Canwg b LS
9> YV U addd Y an 0 YV g Sy Jobo ddd V¥ 5 a0 O
ol Asg o3game ) JSs il e Jled 5y 4aBd ¥O
2 o i 1y Pl e oy,

Loy e 51 e VEY e li)] bausgto b allandjg 5y ol 4
Siid o8l ghyls o dio WY &V ls Ciejlyy  (S)L lawgio o
L8 e aslig, (AkbariMotlagh et al., 2016) L il
Py Slgd ISl o sl LB Gl o 39) (255
o) i) 2o VFY e ol ey 5] eytaghs Voo ol Jobo
Ol Al oo (B Jlood Cuoms 39y (IS oo g ji0 Fe
SrogkS Ver ) (BLd g 5 ogS ladg) (ywgm oo 4 jl w2,
ool o338 S35 56 By g

1- Hydromad



VFe) Caliguy o)l = (395859 A oylels FF lo (S g Ol @ is VY

eia

O e kg e S i
{Lecation of Kboaik-Uka Hydrmetric Samoe)
| TR e
(Losaron of Ghaen Synopec St
e A Ay,
(Sabaivers) 0 8 M N n =
— ) sy T — e —
Main tivens|

o Lt N P
i \ § A % ol g
OB 3 joud ailEdg) o il adgs - UK
Figure 1- The catchment of Shoor river in Ghaen

oy,

1.2 S0

1.1 45

1.0

o9 4.0

08 38

w7 30
iy, :; IS5 pk
(Runaff) 20 (Rainfall)
(M~375) 04 1.5 (mm)

00 a !l R - g & 0.0
ElEEENEesieRERBRF T InRazzaestnan
gt
i = - -;g. -"g - 35 -'bi. = - -ni.

(43aka) e
(Time)(Monthly)

Flaabis (455 cuSe i) ailale Uy, (23 5 (e o) wlble (8, Lawgie 23lie —Y JSUi
Figure 2— The observed mean values of monthly rainfall (mm) and runoff flow (cubic meters per second)



Yy

EXPUH s ARMAX s ¢l 39, s IHACRES Juo 3,5kos il 51 oyl Sad 3 9Ty 0¥ g8

“a
28
23
18
13
(=N
(Tempreature) §
A
3
2
-
2 #8328 833 % 3% s 88 s 22323228 8 £ 5 28
P £ 8t v s 5t P e s v ExEEE RS
§ S G E RE T WUR RCR g TS g p B T g g o
= "8 3 B w5 B "8 3 B "R 3 =
& LA ] z 3 z 7 z 7
(Aale) )
{Time)(Mounthly)
(515 solw a> 13) Flaaline ailrlo slod bawgie walie -V IS
Figure 3— The observed values of mean monthly temperature (degrees Celsius)
P8 S g 2l 9 WleSigh (65509 )i ol Slasudio -Y Jgua
Table 1- Characteristcs of Khonik-Ulia hydrometric and Ghaen synoptic stations
lilie (o, aldlge Jb Utmy  Utmx (%) gl !
(Latitude)  (Longitude) (m) (M (Altitude (meters))
9 (S 5 oSty
e S ytagyin il 33°.47-197  59°-20-41" 3740942 716668 1330
(Khonik-Ulia Hydrometric Station)
LslE .. olEes!
O Seizgis oy 33°-43-00"  59°-11-00" 3734721 702935 1446

(Ghaen Synoptic Station)

(ohad ias) il a B3s Gl Jaass
ARMAX i g

e ly JUasl pls SO lgtedn Wiy oo Sbgy o)
Jie B 3 4555 118 ooliuld)ge by (IS 5l SIS gy
Sl Gy ool 5 ol o0y 5 TS i Sikn 5 g S5
g o odlitwl ¥ oalaly 1 by a6 s 0 Cllgy by dwloes
Xe = a3 X1 + bo Uge-yy (%)

byyo capd Dy g g )Syg8l & bgipe capd a1 ol 0 &S
(Jakeman et al., 1990) cuol S yite 1uSSlo 4

0%9) 3yt e sl (SR ol 3 45 Lol
wsi ya by 98y colys pdlie i esliwl "INverse"
A dwbre Jdo bawgs 8055 yguody s [ATAVY g o/ VYV

EXPUH Lis,
ol g amal (L glannl I CUlgy i ¢ (39, ol 1o

1- Auto-Regressive
2- Moving Average

T b ase cogb, ol libe T awloo jl
D9 o duwls Ylayl,
Pk = Ie + [1 - Tik] Pr-1 (v)

L (Sid Gad Ty g Slhwline o)l 73 alaly cpl jo a8
Foe (Bl jle adg> Cugb) (adld jlade duwlors Sl el
R9d o0 dpwbre Ydlall) jl Sloj pB ya )
Ug = I * C* @k (‘")

o € e Shalie (5)b T e ()b Up abaly o) )3 o8
P Y sl ases cogby (asli @ 5 )L > ol
o 45 39 e (e (5979 4 dlaily (pl )3 € el & ol
B9 Oy (Prily )93 3 (Shaliie CUY) 5 S50 )1
.(Yaghoubi and Massah Bavani, 2014)

iy @ & C T ery bl aw sy iso > IS)5ba
(595 ) 2928 Sid dd> b S (o0 Jobo & Slojre
o) G 0 S0l s g (o s ) Lod Jusad 59518
2lie g B digg Jioe (il i 2 o siud (e e
3,5 515 ool 390  rwcoms 3 )]



Vo) G d )l — (29398 ) ojles FF wlr (S g ol a0 VY

"fithyOptim" s, "Aogyula g S >S90 sLiibs, §
o) b a8 el 4 Sgei B0 sl 5l oLl
3y Slae obj)l sl s odlazul wius 1Jg "latin.hypercube”
Ln iz 3 "EXPUH" § "ARMAX" (La s, Ly Jis
A5 odlisl R? 9 KGE NS (gl jlrs I (i como g (il

ARMAX o3 hig, L Jus @yl 3 Jeols gulis
5 (Zely Jolpe (Jie 400853 (slaodly (33,55)l5 5l ey
Josa 53 B el oad  oxily polie .5 plodl Jue (riwcona
5 Zily slagise 3 2Lyl sbles sddamlne plie Y
Oisu 0zl sl 23 4 barye leMbl o Jods 3 viwcous
i gl Glaed 4 byye SLMLLY Joao 3 (il
055 jlwdnsds 9 Slalie 20 s 90 Jodo 0  Srwwous
By ¥ S SS 5 ey 4 (Priwiiome g (uiwly stz

R W 03)9]

ARMAX (s (559, b U il diuge prlio Y Jooo
Table 2- Optimal values of parameters with ARMAX
linear method

2ol,b
Pl c f tw
(Parameter)

0.040 0 5.715
(Calculated values)

Sl o] 50l € 2ol odddmslone jlade ¥ Joa> 4 a2g5 b

Ol STl (ol s b ()l 4 Gl () 2050 49> &S
ol (LS Gicdg w515 (9992 05 b g pas | (8L 45 md
CdlinSS esl iomlio (LS Gidg g S ) Sl
S S len gb &gy ol 3y b LB gl b
A Comd ddgs STy Ce p odid L el )b pl a3 o)Ll
DSy adg Al yde o] ke dp e oS g ysbods LBl e B0
F yialb oddaiwlo jlade amd o Hlis 5l 4 Cons (g Janl
<3l SLal e el g Loy Sl & sl ol Sl
e g b daly Sy 3 onmd ylis o)l ol &1 ol
S o Jsb plojcite > aS )l o o dW yiel )l Ll lals
b9y b Jie oad ol gulis (wlosl g 398 Suis adg> U
opdyge ddg 5 2l oo jLidyee o) £ Ly ARMAX

2l e s & 0 by 5148 30 0 Juol>
Xe = (aX®) + BsU X +B,U

¢ = (X g + BsUp ) + (agX 2y + BqUe (&)

awal by Sloj ol (gla el )b Bs g g abasly ol j> o
2 el 93 disted @y by (Sloj Cobi sl yiall By 9 gy
ol Sloj e Sl &5 T jl Wl )lie &S 5,05 3925 g, (ol
O‘-—.’.)?)']u—“'?bvs 93—"" L)"*“”‘S‘t““‘“”1 uLP "**5@ J?“o «
Ale 09 56 48 3l S ) Lie B39, b ya Sl > oS dnl
. (Jakeman and cuwl s o3> L V g & cladlal, )5 b
Hornberger, 1993)

-1

s = log(as) *)
Vg = 0

byl sla,lse
2 Jse s, Sles b5yl sl 9 KGE Gua mb 1 aige (sla jielyls
R? 9 NS KGE dL&s)L.gc )‘ (Tl g u.>u_~u|9 UMDU 9

W) o lis

KGE=1-/(cc— D2+ (a—1)2+ (B— 1)2 N
_ 4 _ Z(Qs—Qo)?

NS =1 %(Qo—Q0)? ®)

2 _ [2(Qs=Q5)(Qo—0Q0)]? 04

~ 2(Q0-00)* £(Qs—Qs)? )
5 Shalie polie o Jod  Siwwed o s €C oyl o aS
= 00 bl (sloodls e Gl ool s @ c0dd (g jlodnnis
slaodh (1 Sle cuwi B g laliie glaodly Lixe Iyl
= Qg (Il in lroshy (Lo a0 b gjlwdn i
= Qo w0ddsilwan s polhe Slie Qs b silmans
opl polie d ym g cunl Shalie polie ke Qp ¢ Slialie

Dy dalgs ballas MiL 305 S 4 b jasli

4 oo g Gllgy (00 iyl slaedly ll (gjlwdnni pbl (ol

Fpgd 423 5 4l 1 oo o o o cus 5
Jlo 3l g (oxiwwly jalaiods dilale yolde )5 VYAY BAYVY la Jlo
Jie d)ly (riw Coo jslaieds dilale wlie j> VWAA B TAY
Zowly sl (gly ¢ Jde 4y 00 S5 glosld 13,85)lg 5 s i



YO  EXPUH s ARMAX ks b sy b IHACRES Juo o yShac il 5 ooy Sad 5 obT pai (55¥ 3

Objective Function = KGE

12 |
1.1
1
0.9 ‘
0.8 |
|
iy, 07 .
(Runofny 0.6 —=Observation
(m"3/s) 05 Simulation
04 2
0.3 3
0-2 J
0.1 \'\/
0 A \\/\Wd‘_}’\ _/’L PN AN PA i A~ AL
Apr/98  Aug/9 Jan¥1 May/02 Oct)3 Feb0S  JulD6  Novl7 Mar'd9 Aug/10 Dec/I1 May/i3
Time (monthly)
Eowly sy 33 ARMAX (g, b oad g jlwdnmwi g (Jlaalin o5 -F S
Figure 4- Observed and simulated flow by ARMAX method in calibration section
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Figure 5- Observed and simulated flow by ARMAX method in the validation section
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Table 4- Information about peak flow and time to peak flow by ARMAX method in calibration section

Slaaliv 0§ jlwdund
(Observation) (Simulation)
y m3 s m (5] s 3) o0 y2olie EMES) 3las 53
(S;te) ol &) (S;te) il ) (Absolute magnitude difference of Discharge 50
(Discharge) (Discharge) values) (Percentage difference) (Delay)
\ o)l.wi') 59‘ uf'\'
(Peak discharge | o 1125 Feb- 0.97 (/13)  0.155 i
1999 1999
No. 1)
Y oyleds ol (23 olo
Nov- Dec- .
(Peak discharge Y 0.135 0.266 (197) 0131 1
2004 1999
No. 2) month
Y o)lmi} c,‘ gﬁ" _ _
(Peak discharge P! 0.236 Aprl 0.139 (741.1) 0.139
No. 3) 2012 2012

(oo S )3 ARMAX (109, b ol (25 & oty 0loj 9 T3l (23 2 bgrpo OLEMLI -0 oo
Table 5- Information about the peak flow and the time to reach the peak flow by ARMAX method in the validation section

Slaaliv B 6 jlw
(Observation) (Simulation)
L m3 L m3 (B 2o p3) 23 poolie VS 3llas )08
b m b m b
DG' )t vl ( s ) g’ )t .l ( s ) (Absolute magnitude difference of Discharge D):>I
(Date) (Discharge) (Date) (Discharge) values) (Percentage difference) (Delay)
¥ ojleds gzl (o
(Peak discharge T2 0.08 Feb- 0.0912 (14) 00112 ]
2014 2014
No. 4)
0 ojlod gl (0 olo )
Feb- Jan- .
(Peak discharge 0.103 0.09 (712.62) 0.013 1
2017 2017
No. 5) month
4 o)lmb 55' >
(Peak discharge 12" 0.278 Mar- 0.2824 (71.58) 0.0044
No. 6) 2019 2019

a boyye wledbl A Jodn 0 (ouiwly (isw > zol sla 2o
=N )l.)?_o)' 9 q JaA_> 2P Twlono uM_’x) » Cs‘ L;l_mum
& SrwCous g (Suwly sty )0 el gilwand ¢ Slalie

Cawl oaBodly JIEY 95 sl S5 0 i

EXPUH ad (59, b Jus sl yal 3 Jeola gealis
sl slaosls | (ariwcons g (riwly pise sl Sl
00 (Zriwly polde . oalaiwl ARMAX g, 40 edlitwl 3)50
2 il slesles o bl pilds & Join 3 Loyl
4o bgye SMLIY Joio )3 (priwions g (2xiwly sl i

EXPUH (ad (g, b W yiol )y dinger y23lie -# Jgor
Table 6- Optimal values of parameters with EXPUH linear method
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Table 7- Calculated values of evaluation criteria in calibration and validation sections by EXPUH linear method
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Figure 6- Observed and simulated flow by EXPUH method in calibration section
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Figure 7- Observed and simulated flow by EXPUH method in the validation section
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Table 8- Information about peak flow and time to reach peak flow by EXPUH method in calibration section
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Table 9- Information about the peak flow and the time to reach the peak flow by EXPUH method in the validation section

Slaaliv i g L
(Observation) (Simulation)
b m3 . m3 (B 2o p3) 23 poolie M 3llas )18 b
g" )t o ) DG )t o ) (Absolute magnitude difference of Discharge D)PI
(Date) (Discharge) (Date) (Discharge) values) (Percentage difference) (Delay)
¥ o)lmb 55' L_ﬁb
(Peak discharge Feb- 0.08 Feb- 0.0717 (/10.37) 0.0083 ]
2014 2014
No. 4)
[A) o)L@D 59' o
. Feb- Jan- . ole
(Peak discharge 2017 0.103 2017 0.0991 (3.78) 0.0039 1 month
No. 5)
4 a)‘.mi) E?' @b _ _
(Peak discharge " 0.278 Mar (741.72) 0.166 _
No. 6) 2019 2019

o g Gy a8l o (Sarraf et al,, 2021) o—wl
b Sl oa (Hafezparast and Marabi, 2021)

Oty Olllae by (3485 (] )3 oad Juols gl (ow)p L

EXPUH a3 by, b Jae 3 Shae gyt 15 51 28 ol
(Sadeghi et al., ,LSea ¢ Bolo gl L stelcuwda zbs
5 il o (Lotfirad et al., 2018) | ,Lan 5 3l, ok 2015)



Y4 EXPUH s ARMAX ks b sy b IHACRES Juo o yShac il 5 ooy Sad 5 0T pai (55¥ 3

100 4l a5 4 ARMAX gy g /OF o [5F /B) 4ol
D9y L Jie yiag 5,8 onimd L 45 A5 d)yly +/5D g +/VY
6l ylixe dgslixe sl ool EXPUH jbg; 4 Cani ARMAX
ot oy olo 9 @9l (2 Siloded P R? 9 KGE NS )
Uh9yy3 9 /0¥ [FY /DY ply cwiy & EXPUH g, s
Ot 0 3yslys /50 g +IVY (/0D il a7 4 ARMAX
g e yLai 5l gl sl o3 (olulis > ARMAX (59, L Jaa
Sl 15U cnl o5 3l (Ui 395 5 65385 3, 8es 98y (o
Ozrad oles o ol ]y Jao Jad i5u 50 cawlie Jlisl &
wlale jolide ;3 IHACRES Jus o 3l ol o o) gl
e 5 6,0 Lo gl L 4 3y g s 5, Slas
Abushandi and ) Sy 9 suLigl 4 (Dailari et al., 2021)
a S g oo gaemeyd cplply o)l Jlesea (Merkel, 2011
9 &l (2 e Siloand ((STglorne ile e > Shl clde
Jie sl )95 5 oYL cenl jl gl (5 4 iy oo
Sise 3 ARMAX jbg; L cdllaosge 4ibaie ;3 IHACRES

Gl 423l EXPUH g, 4 G (553480 2,80 Jas

S 5 4ol

o &t 3 JHACRES o 3,Slas ¢34 ol

ool wl U aslale wlido )0 5B)> job ailidg) adgs 29,5
i) 390 R bme 1> (g oS 5 Mg la (5)l38le 5 Aty
ol 3 AHACRES 58l 5 51 oslitasl b duslis 5 .53
5 Jhe dinte Sl yialll e gl Ban @l s el Sy
38 des )3 lgi oo dSABL (o0 @alE Jro (Jad 5w ) (Slegas
IHACRES Jas .03L jge 49> (295 )3 (23 Mgijl > Jso
Sl (ad g (it pif Joile 93 g (deg)le 513 i i)
PLS ;2 52 e i)l 0L b Baa b (ad e (5o oS
Sibedie Ol @l J5e (AL &5 1500 ise g Ml Soj
sl iy olswsl 15U adllas ol )3 S o i oas
b ol b 56 5 e Jise , "EXPUH" 5 "ARMAX"
B owmdy9n e slayiall digedlie (e  KGE Gaa
g Slale (23 plde Wil )3 Jho 3Sles () polaten 28)S
olawl R% g KGE NS L)l jadbs aw jl Sl o5 55
ey 4 EXPUH (55,50 (2b))l slagasls ol polie 40,8

&l

Abushandi E., and Merkel B. 2013. Modelling rainfall runoff relations using HEC-HMS and IHACRES for a
Water Resources Management 27(7): 2391-2409.

Abushandi E.H., and Merkel B.J. 2011. Application of IHACRES rainfall-runoff model to the Wadi Dhuliel arid
catchment, Jordan. Journal of Water and Climate Change 2(1): 56-71. https://doi.org/10.2166/wcc.2011.048.

AkbariMotlagh., Ahmad A., Rezaei M., Rezvani Mahmoui A., and Mousavi H. 2016. River Flow Prediction
Using Artificial Neural Network System (Case Study of Shurgain River), International Conference on New

Ayele G.T., Teshale E.Z., Yu B., Rutherfurd I.D., and Jeong J. 2017. Streamflow and sediment yield prediction
Blue Nile River Basin, Ethiopia. Water. 9(10): 782.

Ahmadi M., Moeini A., Ahmadi H., Motamedvaziri B., and Zehtabiyan G.R. 2019. Comparison of the
performance of SWAT, IHACRES and artificial neural networks models in rainfall-runoff simulation (case study:
Earth, Parts A/B/C, 111: 65-77.

Baddoo T.D., Li Z., Guan Y., Boni K.R.C., and Nooni I.K. 2020. Data-Driven Modeling and the Influence of
Objective Function Selection on Model Performance in Limited Data Regions. International Journal of

Box G.E. 1970. GM Jenkins Time Series Analysis: Forecasting and Control. San Francisco, Holdan-Day.

Chidaz A., Mohseni Sarvi M., Vafakhah M. 2009. Evaluation of HEC_HMS model for estimating flood
hydrograph in Kasilian watershed, Watershed Management Research, No. 84. (In Persian with English abstract)
Dailari M., Darbandi S., Asadi E., and Samadian M. 2021. Simulation of effective parameters on river flow
discharge trend using HACRES rainfall-runoff model in future periods (Case study: Zolachai River). Echo

Dooge J. 1973. Linear theory of hydrologic systems. Agricultural Research Service, US Department of

Hafezparast M., and Marabi S. 2021. Prediction of Discharge Using Artificial Neural Network and IHACRES

of Renewable Energy and Environment 8(3): 75-85.

1.
single rain event in an arid region of Jordan.
https://doi.org/10.1007/s11269-013-0293-4.
2.
3.
Research Achievements in Civil Engineering, Architecture and Urban Planning. (In Persian)
4,
for watershed prioritization in the Upper
https://doi.org/10.3390/w9100782.
5.
Kan watershed, Iran). Physics and Chemistry of the
https://doi.org/10.1016/j.pce.2019.05.002.
6.
Environmental Research and Public Health 17(11): 4132. https://doi.org/10.3390/ijerph17114132.
7.
8.
9.
Hydrology 8(1): 177-193. (In Persian with English abstract)
10.
Agriculture.
11.
Models Due to Climate Change. Journal
https://doi.org/10.30501/jree.2021.257941.1162.
12.

Jakeman A., Littlewood I., and Whitehead P. 1990. Computation of the instantaneous unit hydrograph and


https://doi.org/10.1007/s11269-013-0293-4
https://doi.org/10.2166/wcc.2011.048
https://doi.org/10.3390/w9100782
https://doi.org/10.1016/j.pce.2019.05.002
https://doi.org/10.3390/ijerph17114132
https://doi.org/10.30501/jree.2021.257941.1162

VP o) Syl — (32959,8 ) ojloc FF als (S g O a5 W

13.

14.

15.

16.

17.

18.

19.

20.

21.

identifiable component flows with application to two small upland catchments. Journal of Hydrology 117(1-4):
275-300. https://doi.org/10.1016/0022-1694(90)90097-H.

Jakeman A., and Hornberger G. 1993. How much complexity is warranted in a rainfall- runoff model? Water
Resources Research 29(8): 2637-2649. https://doi.org/10.1029/93WR00877.

Karimi M., Malekinejad H., Abgari H., and Azizian M. 2012. Evaluation of Different Flood Hydrograph
Simulation Methods Using HEC_HMS Software Package (Case Study: Chehel Gezi Watershed), Iranian Journal
of Water Research 5(9): 28-39. (In Persian with English abstract)

Karami F., and Bayati Khatibi M. 2019. Modeling soil erosion and sediment yield prioritization in Satar Khan
Watershed using MUSLE and SWAT models: The Journal of Hydro Geomorphology 15(18): 115-137. (In
Persian with English abstract)

Lotfirad M., Adib A., and Haghighi A. 2018. Estimation of daily runoff using of the semi-conceptual rainfall-
runoff IHACRES model in the Navrood watershed (a watershed in the Gilan province. Iranian Journal of
Ecohydrology 5(2): 449-460. (In Persian with English abstract). https://dx.doi.org/10.22059/ije.2017.234237.614.
Moriasi D.N., Arnold J.G., Van Liew M.W., Bingner R.L., Harmel R.D., and Veith T.L. 2007. Model evaluation
guidelines for systematic quantification of accuracy in watershed simulations. Transactions of the ASABE 50(3):
885-900. Doi: 10.13031/2013.23153.

Sadeghi S.H., Ghasemieh H., and Sadatinegad S.J. 2015. Performance Evaluation of the IHACRES Hydrological
Model in Wet Areas (Case Study: Navrud Basin, Gillan) [Research]. Journal of Water and Soil Science 19(73):
73-83. https://doi.org/10.18869/acadpub.jstnar.19.73.73. (In Persian with English abstract)

Sarraf A., and Ghasemi H. 2021. Calibration of the IHACRES hydrological model using multi-objective social
spider optimization and search and rescue algorithms. Hydrogeomorphology. (In Persian with English abstract).
DOI: 10.22034/hyd.2021.45015.1581.

Yaghoubi M., and Massah Bavani A. 2014. Sensitivity analysis and comparison of capability of three conceptual
models HEC-HMS, HBV and IHACRES in simulating continuous rainfall-runoff in semi-arid basins. Journal of
the Earth and Space Physics 40(2): 153-172. (In  Persian  with  English  abstract).
https://dx.doi.org/10.22059/jesphys.2014.50640.

Zeid Ali Nejad N., Naseri Sh., and Alijani F. 2020. (Simulation of the effect of climate change on Taraz-Haraksh
river runoff, Khuzestan province, using NEX-GDDP data set and IHACRES rainfall-runoff model. Meteorology
and Atmospheric Sciences 2(2): 162-178. (In Persian with English abstract)


https://doi.org/10.1016/0022-1694(90)90097-H
https://doi.org/10.1029/93WR00877
https://dx.doi.org/10.22059/ije.2017.234237.614
https://dx.doi.org/10.13031/2013.23153
https://doi.org/10.18869/acadpub.jstnar.19.73.73
https://doi.org/10.22034/hyd.2021.45015.1581
https://dx.doi.org/10.22059/jesphys.2014.50640

