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ARTICLE INFO ABSTRACT

Large flood events occurrence such as the 18 March 2019 flood event in the city of
Gonbad in Golestan Province has been often associated with socioeconomic and
ecologic damages. The aim of this research is to simulate flood hydrograph using the
HEC-HMS hydrological model and to evaluate model performance at the Arazkuseh
Watershed outlet, located in the vicinity of Gonbad, and also for the upstream
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Article History: tributaries namely the Minodasht and the Nodeh Khandooz Watersheds. The HEC-
Recglved May 12, 2023 HMS model was run by applying the SCS-Curve Number, the SCS-Unit Hydrograph,
Revised June 12, 2023 and the Muskingum-Cunge methods. The parameters of CN, initial abstraction, lag
Accepted July 18, 2023 time, and the Manning's roughness coefficient were calibrated for the river gauge

Published online 12 December 2023 gtations, The averaged calibrated parameters were used to validate the model at the
gauge stations. The sensitivity analysis indicates that CN has the greatest influence on
the model performance. The shapes of the simulated hydrographs in the validation

Keywor_ds:_ stage show that the model underestimates the peak flows for the Arazkuseh Station.
Hydrological impacts, Whereas, the statistical indices of NSE, R2 and KGE for the validated hydrographs at
Flood haz_ard, . the Arazkuseh Station were 0.81, 0.89 and 0.67, for the Nodeh Station were 0.85, 0.91
;réihlg/l;skmgum-Cunge flood routing and 0.74, and for the Lazoreh Station identified as 0.62, 0.72 and 0.61, respectively.
HEC-I—iMS, The analysis indicates the acceptable performance of the model. Considering the

performance of the HEC-HMS model for the Arazkuseh Watershed and its upstream
tributaries, the model can be used to predict the hydrological impacts of applying
flood risk reduction scenarios in the upstream watersheds of Gonbad.
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1. Soil Conservation Service of the United States Department of Agriculture
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. Initial abstraction

. Maximum potential retention

. Interception

. Infiltration during early parts of the storm
. Surface depression storage

. Kirpich

. Bransby-Williams
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1. Constant recession

2. Muskingum-Cunge

3. Convection diffusion

4. Manning's Roughness Coefficients
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1. Cowan
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1. Univariate-Gradient

2. Mean Absolute Error

3. Root Mean Squared Error
4, Coefficient of determination
5. Kling-Gupta Efficiency



Pl s &ylocs 103 6199 «553)3 15055 res

(P i) Al po 5> dugS | 350l gy - )k Wb (s3lodns > HEC-HMS Jua s Slae b)) slapadls clasuto ¥ Jaua

dcgosne Cy (Bl pdaw bamd L

MAE>0 13
09 il 5 Shalie claodls o MAE ==3"|Qups —Qim| MAE
Mgy Sz 585 sk HE B oo s nix
slin oy s 53 pSilie duusbno
R fs”* “’5” - RMSE>0 1 2
2935 (£9) (ilwdnd g (Slalin oS s o s s RMSE = HZ'QObS _Qsim| RMSE
s i=1
: PEPF>0 |Quim (Peak ) ~Qqps (K|
rol (23 3500y o lad dsyd 5 . . PEPF =100 x|=3T oo PEPF
T 2091 22 O s pas ol yao s g | Qyye (PeaK) |
n 2
sodlde oy Gallay Buad LS NSE<1 NSE =1— zi :1(Qsim _Qobs ) NSE
TR IS sl o] S sae B n o\
Silodnd 9 Shalie B Sl o S 2005 Zizl(QObS _QObS)
—oe<PBIAS<+oo
e Jlos bwgie 2b5) e ¢ JolS” Bollss ol Hao dae Zn (Q —Qgi )
T P PBIAS =100x| &=L X% _<n PBIAS
Slanlis ol e o of o > Qas)
) 0<R’<1 n — — 2
LT il ly S Camd 82320 ; . - -Qq
S ‘:.:\:9 fab,d& DA».ML: y i > O‘ Joo 335 5 R 2 _ HZ|:1(QObS Q:bs )EQobs Qsmi ~ RZ
« o yo7e 2o oy S 2ae Zi :l(Qobs —Qgim ) Zi zl(Qsim —Qsim )
5 (MSE) a3 layo bio
N (sl BB ROBS] KGE —1—\/ r-1) +(a-1)7°+(B-1) KGE
9 B () O Jol il ] < s = (r=1)"+(a-1)" +(8-1)

slle (o £985 (£ S 0jl]
Siloded 9 Slalie

T silodnd (2 pSbe Qg llie 2ol (o3 Qus (PeaK) 5 ord (sjlwodurd gl (25 Qun (peak) oyl )3 a8
By Slhalie (:Sle g (GGlwand 5:Ske o Cond ¢ @ (gilwdnd 5 (Sllie polie fu Gowim (Siwpd oy

Byl Gimgh 5> gbie (e les yiall Glsis 4 b Sl @l o) [ b cppie & olagll
Zesly Ao po o Jae 3Skes 59y (Sisle (55 cupd g 3L oy cadgl QUL ¢ izdio 5lad) (53959 sloyial)ly
9 335 oo cadgl Uil «iomia 8yled (slajtolyly 31 o o o oriuly p3lis S > Jho 2 Slae ¥ USS b )
SUlgy sk Sy cudn (Slil & awgSll ssul sloadgs 1 o e ln |y bl Ayl polie 4 Sisle () <oy

a2 o s

1. Mean Squared Error



rey K0 g (Hipmo /e 30 Slyy =iyl At ))5 6 jlwdunds JOHEC-HMS S5yt Jto ()05

@Bl B2 B3 OB4 IBl @IB2 @®IB3 .IB4|

| @Bl @B2 B3 ©B4 IB1 ®IB2 @IB3 .IB4|

} \IY . \Y
5 VA ] e o 3
_3'1; g XY o
j‘ N RRLAE °
. [} [ ] (] s
BARTAR i Yy A
4 [ ] [ ] 3,
|
30T ® o o 304
ﬁ N %
4 e
o - 0300 [
3 VAo o o0 35 WY 4
3 . ® ) 00
TV e o o0 o 3 V-4
j? V¥ I
3 3 ] o @
9 Y ERIR
= T [ B J o [ )
PV — R ———
Y LN Y YL SRV Y | VY ) W L S N YA SR YA SRRV R Y2 SR V7 B Y YA SRYY A \ /AT VA SRR VA R VA R V10|
i 6yl yl s andyl peolie s oomiasly ysolie Cond
(o glso) adgl WAL yialyly addgl y dlio dy (2eiwly o 3lie Cons IS SR A e ey e S
3l
. il
A SR @Bl ®B2 #B3 OB4 [Bl ©IB2 ®IB3 @[B4
i. oReh VA
- ®Rch3 }
E| ee = N #ns Relit gV ee e @
% 3
Rché %
3 "o rd ¢olmamwmn A ori7 3.,?‘ NE A
= ®Rch8 i
2V {jemmee O AgaEDLE 000 @ i =
;) ;e L e o Rch10 ‘1-) AT 4 o0 ©
2 Rl 3
Rl ERARE
3 WRK:3 .
3 Ris ] VA
WRkhS A
' ¥ o © { N ]
’l‘ﬂﬂ . e ¢ o omems o e 35 Vs
¥ RIS ¥ 7 {
1 it ] Ses®® §
i AR
3, 3, o o [ ]
D) *Rib3
= ARIibs 2V 4 ¢ « b
F AR2ib4 S
JIAD . N - A
A A * oo em oS TR S SR 7SR S /S
Siile g 20) e pd el adgl pudlie ay ly puslie S (4ds) 3G oy yialyls gl ool dy aminsly yrolio Capuns
> c

Silo 65 5 () 30 oo o) gl Al () oo 8las (9399 (sl ol gl alie &y oas Srily polie Canms 3 Jao 3, Shee . JSS
awgS 3yl jul HEC-HMS Jus )3 (3)

2 Gl Clisee sl gs 5 (gl VY 5 /8 s Sl Aold jd dixie 5ylasds yialylb lyuss odes @bt olwl y

-0 2h Hlre bl g MYO B VY o i b Jio 3, Shas VYV U +/50) covin byland Cons jdlie ol yuss diel
IB4 o (\OA L +/50 o) B4 slrasgs i a4 baype v bylad yiol)l ok oy yidin Gl a8l i3] oSSl
Copmd) Sloyi ddg> 525 L B3 5 (WIF B /AT cand) IB3 (cloadgo o5 4y Loy Sl (568 9 (VI -/5Y o)
oobol g VAA L V0 oy Cand b e 5,Ses (VYO U +/Y) adgl lals cuns polie clyoss &l jo sl (VYY LY
adol wlali Hlade ials s lis adgl i Gl cppide ol 4l Gol58 @Sl _ i ol jlse
5 (VYD 6 +15F o) BA (sloadgo e 4 bsryo adg) Sl ol et (i ol 4y e & Cos o0 i
Olas al)ly ok S (VU +/VY cund) B3 g (V U +/88 cuwd) BL sloddgs pj g ol (Vo) b +/Y Cows) IB3
Sladdgs iy VO b /0 cons @l &by 1 3T oo yiolb lpeis odes (g F) S5 oll p o5yl 1y adyl
323lie ) a5 Cuol sy adol plie (il ¥ eVL G s o xiwly 3l o sl 3590 F 40 Laid g ol Calisie

b 54 B2 §1BA sladsg & bypye p3b loj jially s (a8 39 0 0anlie B4 §IB3 a9 5 93 )5 Yy



VFoF coguw 6,loi o0 6,99 (5 58)9 )bt o5T r'sA

2 Je 3,Sles g (VY U /Y) 53l ooy s podlie lyuis &l 55 . VO B /Y g VYV B /5F clacons
ol a8l G381V B VY s b SOl — i o) jlee (bl

5 Silwdnd Suli8 55 (g S o onliial (b2 (ilodend 3 (Sgpen 5 (Sisls)ie saadlie SIHEC-HMS
S8 @l olel 2 g pols Ghaggy ) [V 850 1) comlas cpyider (Sjglosien dlpe (Sujed slajiely (oeily
O Cund) 05 g Alal> S Il ol (il (b (Sgen piebly plgis @) Sisle 65 cars bl > )
sy (oS Hlaa 3l e 5, Sles jd aS ol L |y ol 51 Sy 0 (VY B </AS

Rsly & s 1) Sl (2268 B3 Adg> 05 9 Copmslus (3l IB3 9 BA claasgs 5 (slayial )l g geome )
S g el plo 4 S goxie o)lad yial)ly oS o8 Aely 53 Jae 3 Sles dagi BB dge 4 d2gi b il
2 (V) iSen 5 (gl oady ditsly cpl 3 2l Jae 3 ,SMae g ol 9y |y b oy ko blad yiel y oS
5 gm0 limnye > (YIF) Gl )l )9S 5 SUis (ladlato )3 (YAY) S pe 5 silbgul el oS el o delllas
ly 9 Gilodend 59y g )bliae S o Slads el &S 608 plo s ASTe ddlais ) (VYY) ol en 5 (55T
(e 3,8los (555 pod olus el ¥ 5 ¥V ¥R D] cunl S g5 5 (LSl )8 S 55 G 2 S s
4 1y gl Sl g 5 (omie Blod Il e il el 55 (V) hlSen g (il (i sl adgl Uil el
) o date 3 (VoV+) hlen 5 4 @l (olol 5 o8 Jo 3 [YF] 0535 (Bpae (olas slajiel)ly loie
sl g (saome dalllas )3 [¥F] catly Jua 0,Slos 59y 1y 8L cpptin adg) A g 5 23 loj i) (g1
D] cedls gl (3 69 1y Cmbus oyt 13 o ol (5o il Ao (sl g (V1Y)

o Cuddgine Ao sl A (Ui 0yg ) ol SUlgy Byl Shugy aw b Jae syl (mly gl
Lop gl o Jo o amtly Jho gl & Cams |) Sl ot 43l Sl g 535 loj (gioxie 5yled sloial)l
Olej 9 adgl Gl (oo B)lod o wlus glajielly 039 ol CUlg) 0y slg) 53 (il L el 0395
liggy Cutn g 0355 oSyl Slyy o)l dlag) 9 eyas) oSl Clly, —p )l Sy, ds slalSgue it 3k
el 0 0 JS 53 (e Byled piehly (gl (orinly Al yo 53 dwgS Sl bl Sy, -5k

Mgy Cudin 5 039 ol layg) 93 093] olSiun] Dlaygy dw (gl HEC-HMS Juo (6399 (slo ol )by ( sewls 51
selly polie lgie 4y aileag; 81k g adg> ) b BaS miwly (sl el (5650ke cdwgS ) oKl Sy, -85k blite
Jgio 0 485 Jlas > awoS i) ol 1503 sl sl g 0395 olStunl Dlayg) G c0y93) ol slgy o (sl (63909
She g adg) polia & Jgio g ;3B o g adgl Gl giomie Slad slagially (misly polie (:Sole g 4yl jolio
i3 o Ui |y Siile (g) o o)y (oriwly olie

Mgy 5 0y93) oSl VAN Y/ U AYAN VYR & y50 dlgy b gilodend 9 Slalin by BlSs 0 & S
g Slwlis by bl ey o i suwyloel dogpe o 1) 0dg oKl VWAS/O/YY 4 Yo Fyse
el 045 LIV SS 5 8 (oeiuw el Al po 53 dwgS 1) ol Slayg) slee (sl 0adgjlodnnsd

ool 32 Jo 4558 saaliie g 0398 5 0y93) (slaolinl (sl eadgiluans laddlSopnm £ SE el
Y] canl 03,8 (il |y (Slaalie Sl 9)un b alie Bl )S9)u JS5 <)k 595l



Fee 520 3 st i /e 33 =gl iz ot S HECHMS (5 i3l ks Joko oty 1S

W el — iy - e laalis — iy - el — iy

\ . w . T |
v )
. \ . \
- '
3 LR % v k) L
i B i § in §
i t { S ot
By e 4 [ A o
o = 3 * 2" b
3 . 3¢ . j .
™ ¥ i X 5 8
v A
. » L '
N - o v oM A NN oowor o owm oW . N
el e (et gl (el gl

093 oS WAV/AYIYO &)90 g, 0y93) oBiu] WAY/VV/ A &)50 Dy, 0y93) o] WAV N/ e £)00 Dy,

L e gl — ally WL e sl — oy
‘. m :
v ! ¥
i, Y. 3. .
1, %_ i, %’
. .
1. 3 1. :
a % > <
j r + } T A

. A . ¥
(sl oy (aslad laj

0395 oSl WAV/VYIYE £,50 ol 0395 o] YYAD/+ /YA &,90 3y,

W e lal — iy ., WL - glal. — B e gl = iy

v 3 y w
Yo v ke oy ~
1. 1‘% i { i i
j A i ‘-.i ' i j 5 [
i o F g *

o \ T L % & ¥ ¥ A 4 ! 7 . N 1. T 5. 8 - ' ) - 1. 1. . €. A $.

(el ey () (el e

dugS 31yl o]l VWAF/VY/Y e #550 dlasg, 4S5l o] VWAF/V /N #5500 dlayg, 4S5l o] VWAF/-A/YY £ 50 dlayg,

WL b — iy WL e Gl — iy W gl — oy

1
e \
1 w

(il ;3 i a) 3
a0 ()

(il 3 s s}
AN =)

’ ¥ . 1 v v ¥ 5 5. v

b ve A . 1. . i i
) plaj

v T . ¥ o *. i
(Gaele) e (Sele) oy

Qg 3l o] VWAS/NeAY & 90 Slayg, g )1 oSl WAL/ VYR 290 Sy, Qg 3y o] \WAB/+V/+Y & 90 Slayg,

L -Gl — iy

1§ WL e halie — iy
\§-
- w
-
% v L
Ve
3 ; 5,
b3 i
‘1 s w-t i '
2 ¢ x
o Fe P
3 . 3
5. 1 e
B - 8
- b i
. Ve . T T 'y # Vv A
. V. . . s 5 v.

ANR (Te)

[ v
. ¥ & A (el ylaj
(el ke

w31 o8] WAV/NV/-2 50 sl
sy HEC-HMS Jo t.s'".‘;“’lﬁ > o 4..»95)1)] 50063 093 (S yiogydud ol (gly 0l g jlwans 5 u;l.\ml...&n oby> L;lm_él)f”.\ﬁh N JS.«J
(5o ylad el b

4S5l o] VWAF/NVYY )50 ol



FoF g 5ylas o 6,30 1553)3 kg

rv.

S 31)| 35l sloads> 05 3B ploj g sl Db giomio 5led (sl ey (orialy plio (5S0lio g 4] olie ¥ Jgan

g p3le (Ko 4yl polie ol
P gl il e 20 gle 4l s
@) ) U s () TR S
ARATAG AR vo/ay \ECVAYS \&I5¥ YOIy Bl
VEY/5¥ /A YY/vY VP00 VA/YY YY/§5 B2
\-5I¥5 Yy VV/50 V-£/A¥ YY/-¥ £4/v0 B3
VWY/AQ NYA AY/A¥ ARAVAY a/ay AY/O B4
YYV/VY VYV -5 AY/AA Y-a/YA \Y/A¥ YA/SY 1B1
YV\O/SF YNINA ay/vy Y\Va/55 VeV AY/5+ 1B2
WY/XY SIAN AD/AY ISVAR) YIAY NGt 1B3
AVA7AN Ity AT ARAVAR% YIvE AV/IYO 1B4
awsS 1yl 3l (obbigy saojl Sile (s 25y yiahl (xiwly polie (pSils g gl polie B Jgu
g p3lio (ke Ayl palie 85L
1B4 IB3 1B2 1B1 1B4 IB3 1B2 I1B1 by,
NANvd NAYAS «[+AY o[58y NANS AT /e o[<5) \
ARY4 RS «[+A¥ NARYS RS «[+A¥ Y
/.45 AV +[+aA NAYas Y
+[+A¥ AT YA NAYA S ¥
% AR o[y AR [
o[+AY RN o[+ A¥ «[+YA 4
NAYA) o[+AY ANAS «[+AY N
AN AREY ARV AREY A
\YY ARA NANS NARSY q
NANS) .[-a5 AYY RN Ve
ANAY ANas A
" WL e laalie — giluand . L e Slaalie ——gjluand
jﬁ s ? f 35 v i‘
3, e & i v ¢
1 S L :
i:‘ “.c' j . ©
a- Vf . ¥
"
A A )
NN . o4 : T g i

Y.
(Zeelw) yloj

0395 o] VWAS/+Q/YY 4 ¥+ )50 3y,

(;..:l;) ol
595 o8] WAA/Y/+¥ b \YAA/- VY 50 Sl
HEC-HMS 1o e lizel Al o 13 0355 5 093 olftun] (gl g Slalie ol 155500 & JS



rv) K0 g (Hipmo /e 30 Slyy =iyl At ))5 6 jlwdunds JOHEC-HMS S5yt Jto ()05

L e laalie — gilodnd L e laslin — giludnt
A . ¥
V i
\ o \

k] v B s r
30 i i ;
‘i f v QE “; s ¥ %
H o a o
;3‘ r 4 < :3 . . o

) \ 8
\
14 ¥
\- Y. r. . 8- e . ) \e A Y. Ya . Y8 ¥ @
(Sela) glej (Zeeba) gyloj
WAS/NYV-A Y o9 Jl,\.i” WAF/ VYA L5 L% Jl,\i”
WL e laslin = gjluans L e Slalie —gjluans

T ¥f-

. 1 ™ \
:‘jr-- ' .i‘ ’{jv\ i
3, . 'i 3
o 3 i~ o
'}} Y. . }' . ¥

4 v 5
Y. . Fo A [ Y. V. Ve VA- Yoo . '™ Y. r. f.
(el s (ceslo) ooy
VWAA/ V0 B AYAY/Y/YS 9o )lAﬁ}) AYAV/V /YA G VY o9 3].\15)

HEC-HMS Jso o liel ds o 55 Sl o] (¢jlwannss 9 Slaalie by Bl,S g 0m Y JSW

chls zol (23 gl 33 Jde dmd o s oiylie] dlspo )3 dwoS ] oSl (gl o gilodnd slacd] S g 0
alasMo BB AYAY/V /YA B YY o WA/ A B Y Fy90 cladlig, 5 Slaalie 1,Sg0m b 4 cglds § ol uedsinS
oS Xy )5 wolio 3,Shes zol (23 3y90 5 ;3 HEC-HMS Juo 45 563,S" lo (VYY) o), g (6637 il oyl 5> ansl
Ol Jdo a0 i WWAS/NV/ A BV Z)50 dlugy o WAF/ WA LS Z90 gy sl [¥V] 3)h conlio 5 Sl S 5o
T3l U gloj b siluodnnd BliSg e g9l U loj ddle oo o JS5 (olul ool 03,87 (g3l 5 5V 1) S50 L
Sigh ot amd e i |y adlge cpl 349l 1 e canlio 3, Slas 45 395 0 oanlie (gjal olis  Slmlie GI,S gy
G, Ssieh Sy S5y 5 BT gym JSE 5 lotend 53 Joo 35 s 35 Bl Jlasd ke (sl (Y1) fSan 5 (ion
5 Slalie G155 0m (claailge yolio £ Joir [YO] sl (a5t s gl (29 y9l 0 23 &Sl b )ls prslio 5 )Shos
3o D)) ) dwsS i) g 0395 93 oSl dus 1 (glyy  imsylie] A po 43 005 oy

0335 <093 (sloolStus] (gl HEC-HMS Juo oo lizel dls jo 53 onisigjludnd 5 Slaalie B155,0m 25l b loj 5 s oo gl (20 yolie & Jgo

awsSill 5
(celo) g9l U gloj (o 5o y138) Jyw o2 (45U )2 anSoho) Zl (22 o
i) Glalie oyl Fllie wwlisl  Sllie +)
B YFRA/- VYA e
A¥ AD Ar 2RV YEYY Y&/ YV/o
VAN Y/-Y 0355
\ \s Arals Y¥YY VAV/A VAD/N VA5 - 0/YY PR 0395 05|
\td Yo AALVAS ARAYAN ¥/ ¥/A WAYNV AL 5
Yo \td AR ¥Ya/¥ A Iy Was/NV/ A by el
AR Y. VOAY/A VAAY/Y YV/¥ AR7Al WAY/N /YA B YY ° :
dusgS i1yl
B AYAv/\Y/vE
Yo YA VAYYQ/Y \ArzaVie YYY/¥ YENS

AARVYRRVIA




FoF g 5ylas o 6,30 1553)3 kg

rvr

(48l yo ann o) (g jlwdgnld (20

(4l 55 oo o) (g jlwdandd (20

(4l 32 exfo pio) (5 5Ll 200
L

o silwand plp e Slaslic === S

v =1.1955x-3.1779 o
YA- R:=0091

“ 6 e >
1

4 ———TrT

ACHL U PR R PR, S SRR LTIV T

(4l 0 cuaSin yils) S laplies 0

0 il il g0 Sl —m S 4 Sy

A
§ o
.P
¥
[ )
L)
. * ® y=0.6544x+0.1528
Y 0 o R2=0.94
e °
ey ‘. °®
. a0 ®
t t £
(4l )0 caSeo yio) (Slaslie 20
WAS/NV-A B £y90 dlag,
* Silwansd ply o Sl — - 4 G
Yoo
Yy, o
- ® .
Yoo .
- o 0
L]
° .
Voo e y=08052x-82892
o® R*=0.93
5. - wet’
..
o:.4
- T T T T T

b- V- Vb - Y- Yo -
(4l )0 sl o) S loplice 0

WA/ V/B B AYAYNYIYS 90 sl

>
=

—t

(Al )> eafn o) (5 sl (10
T =

>

Gl il 5 (Flaslice === a0 4 Sy
e
L]
L]
* L]
L]
) L]
%) 7638x+0.0126
S R=0T2 e
L]
PPYYY K] e ®
o \- 10 Y. Yo ¥

(4l 50 unSs yie) Flobline 20

0393 ol YWAA/-Y/+¥ b VWA - VYA &0 slasg,
0355 5 0593 (slmolSiusl oehus el Al po 5 oAb it 5 Shalie (i o 4 S b3 A YK

Gilwdasls plys jo Flodlie === a0 S

{>2
i

—
i

—
i

(4l 3o o pio) (5 jlwduad o
-t
M

Py

L4 y =0.7191x+0.4366
hd R*=0.77
°

\ Y ¥ ¥ A I3
(4l 50 o yio) Slablive oo

WAV A G5 & )y90 o,

Gl il )3 (Gl === o 5 4 G

-t
i

(45l 33 oo o) (g sl (20
-t

. ® y=0.8243x-0.2013

R*=0.92

\- Y- v f-
(4l )0 Sl yis) Floblice 3

WAV/N /YA B VY &0 0y,

s 31,1 ol otuslizel Al o 13 00 (Gilodnnd g Shalie Gl S 4 S b3 A S

o Ao sl Camnl Bl g 00 lald clbylud Carge Sy slb w1 45 GBLSe 1n wpe laailye I LS
i YV g ials dwsS il olSius] WWAVVYIYS dlus, slp ondgilwdans Jow oo ddlse Hlade .Canl Jow



rvr K0 g (Hipmo /e 30 Slyy =iyl At ))5 6 jlwdunds JOHEC-HMS S5yt Jto ()05

b sibotend pl 2 glanlin polin STy Joged A S0 23 glanlie o o 4 Copud ] o35t
oS g jlodend 5 Slaalie Bl)So)nm SGaSy s Jlage md o Bl 0355 g 0)93) ol ol Tg e e
) 0k &) QS 15 35 dugS ) slolSiam] cias il dls

o gl S ol o sirastnS BB (6 jlodand o STy 650 woygs) oyl (sl A JS ol
HEC- Jao buws b buesS yim g (GaodSnS Cawl odid 03 Ll oS i gYL (gl 0 50 0398 o] (gl
56 MhE e S dilate Sy g3 (V4VY) o)Sen 5 LSSl g ia 358 53 (V) 1) oLl 5 Lejg s > HMS
Ve g A] cusl ois oLl

AYRENNY £ 50 0 (el & US5) s 5l o) o gjlodunss 5 halie o LiS] ses Lolul
hHen g gaie )5 westnS Slanlie 4 cuns SYL a0y Jg sl carlio 3Slas o cla 23 3,90 5> Jao
Gl o> wes5nS &S b [Y] 3)h Slalie 4 cans 5YL la 03 50 (5568 359l o a5 25,8 ol 55 (Y4IY)
2 ok S5 ilwand »» HEC-HMS Juo obj)l lojlbme mls 258 g0 03 WAVINYIYE 50 Slayg) 13 o5
sl 015 BLIY Jgdo )3 cdwgSill 5 0395 093] (smoliinl gl (riw)luiel d o

2055 ) 5 035 393 o) HEC-HMS Jaw i litc] Aoy b ltnd 5 Slanbio 55,00 i) slashoe polie ¥ Jgo

KGE NSE PBIAS R?> PEPF RMSE MAE slasg,
i3 -5y \td A ¥ ¥IvY Y/5 AVYWAAY/-Y B AYAA/ - VYA °)5}J oK)
<Iv¥ <IAD v/a <12 ) wWis IV WAS/- /YN oY+ 0355 ol
/Yy A V[0 A% 4 «/A .[5 WA/ AL 5
4 «/AY -YV/IY -[A¥ Yo A Y WAS/NYV A Y
A <[AY -\a/8 /Ay Y. ¥/¥ Y/ AWYAY/N /YA G YY o]
IS +[A¥ -Y¥/Y «/ay VY YYIVY VF/A VYWAAN V-0 B AYAYY/YS 4»)55}‘)
-8V N =\V/50 ISY \EIYD \7A1 ¥/AY u,i;l:.p

adls cpl polie .l Jo caunlio 3,Slas Brd LS 0395 5 0593 (solKius] sl RMSE g MAE sla jadlis gl
Mo .l (gilwdnnds 9 (Slalie (815 g 0 Cuslio Billas 5uimd (L WWAV/AYIYE & )50 2lig) o 35 dwsS il ol (4l
9 g & canl gl (05 0 Jdo uasd i B L WAS/VY/ 8 #)50 Dlg) jody dwsS il oK) (gl PEPF 2305
023l yolie gl [V] sl 03,8 3,4l Slalie Jlde | i |y gl (03 HEC-HMS Jue &5 35,8 ol 3 (Y+YY) o)
(Y1) ohlKen g loyg dallae o Jao 3,Shas ol > o o i |y Jao cawlio 3, Sdee Sllas oK) 4w yo (¢l R?
bl g Je Y] ol canlio 5 Sloe L FYD 0L b o)) deoyd o aSul b dn g5 b ol <YV ply 55 R? (a3 li Jlado
i JMde Jocpl bl asly wlie 3,Slos dwsSTjl) o] VWAYAYIYE § WAS/NV/-Y sladlygy o jadls oyl
5 LSl ddllao 53 PBIAS Lasli gobs sl Jio (ipo5S i bamo ks olfiuy] ol slodlysy (slp PBIAS asls
doyd asls Hlade (VoY) o)Ker g omliyme ddlae > Jg Vo] Cunl Jdo uess i b L 305 (Y4VY) o) Ken
SS9 Cavlio llay s Ll cdwsS i)l g 0395 ol (gly /A I YL NSE (adlis polde [YV] cunl cuto (o)
OhSer 5 caliyo o (Vo IA) e 5 olyge (Y1) iy STadly 5 el Sldllas )3 & canl ondigiluoannd o Slanlie
g Canl IVE g +/8Y il i 0395 g 053 (solKimsl (sl KGE adlis gols [TV § WV O] cul osds &l 55 (VF-Y)
oobel 3 gl ilwand ) S cuslio 3 Slas oS el <EY Lyl dwgSll ol Sy Jlez sl oSSl (Ko
Jdo &8 005 by /YD dgds sl Hlade D)L 6 (V4IR) oKen g bogy)b wad o i 1) caslio  orimly (sl yial )y
IV] 3y GBS g n (ilwdud > Gogs 5,Sles
HEC-HMS Juo &8 58 plo 0lgi oo awsS iyl g 0395 09 slaolius] sl (obj)) slopad Ly (bl 2 cggoome )3



VFoF coguw 6,loi o0 6,99 (5 58)9 )bt o5T ryr

oSl 93 55 Jao (rijlisl gl )l 1) olial 4w ol gl BlSgsme Giluand 3 Jod BB > Sles
ol g 0wl el Cand 4 g dwsSl) ol (lp o] oxiwly sla eyl 1 edlatul g (0395 g 0y93) Cawd Y
o s g 4l culio 3,Slas jusol Cand ol v g CadYl ;5 oo HEC-HMS Juo aad o ojlis o sjlol (slo jadls
P aS Jb b pbl diclwS Slej pB L g (00103 ) Cjao 4 by gilwdnd ol ided )0 WCuwl dlezel LB
oHen 5 ko g WetSpa-Python Jae ;1 oslisul b (Y+¥Y) o, Ken 5 59l cdussS 3l jus0l 5o Sllgy obys (o5lwans
awgS il sl cly dwgn Sygo @ by (gilwand bl Jie 93 a8 15,5 L SWAT Jue 5l edlizul b [¥+VA]
—o0k Slhelie (glaodly & e yiwd QUlg) -3k dnlp (iluand K5y )3 drg BB &S Bk LYY 5 ¥E] )b,
er 5 iliz de g (VoIT) phlSen § JSI(VIY) hlSen 5 JloS iy cpl )3 ol b cuieS b ULy,
903,5 objyl sk cB L) Jao 3 Slas g oo ccmmlio Gllgy iyl (slaodly 3455 ygo ;0 45 20,8 by 5 (VE+Y)
U lacualad pas Cllgy 3,k sl (gilose )3 a5 Cusl (5y908 ol SIYE 9 VY AY] 08 Wl (e @l

LIV]0gd Juoo 50 )5 9 Jde wodly

S5 dxd
390 sl yebly 359l 5 Woanld dsle g, Ll HEC-HMS Jas b (b2 (gilodnd 5 (Sejglgpnen (silodas
Jre Glal el cuenl Bl sl (BB g cavlio Cllg, 5L (claodls 3439 ¢ Sriwly A pe Gun @b eyl 5L
2 Sblsy (ltigy (i )3 SCS-CN (g, Sllsy 9 Slals 351 (5% 5> s Jl) 550l gl HEC-HMS (Sojglgym
(VS5 (omisly glis 2505 (2eisly ASD] (sl (53959 sl yielyly (sie & Silo (625 s 5 53T oyl
D9 gyl 428 (gjlo e

955 &S 035 5 0y93 oKl 93 (glp Jdo (b BT g e gilwans 3 HEC-HMS Jas 5,Sles Sbj)l (sly
@ ol 93 ol sl yiahl 1Sl L b (il g oiwly WBad @Bly awsS ) pol CunsVl asgs ;¢
P Jde (uwlel gy dwsS il oKl slagy cuta b s Ades i b el suwls sl el )l 1wl ol per
(7 Jsiz) co)lel cslopadls s ol (i 4l ploj 9 sl b o gl (20 s o alox 5 159,00 (cloailse
aw o lp ol o asls plo polie a5 Jbs 3 ol (in slbas (o)l zgl (20 5o )9l ,d Jao ol jlis
Lol L 1y BLS g ue gilwand  Jde canlio 3 Slos olSitu]

GlS gm0 WyS e 2 |y Sl ssul plael Cond jul 03¢ g Cuddgine sladsys p; aShl 4 dsg b
55 e 55 5l dagl il (608 oS5 g SlumsS S g 4 arg by By lodes (i jsul S (295
clp by Gl ilwans > Jae ol L ol 93 ol ey 5D Jde (i lie] (oplplo it cuenl Pl
Db awlio 5, Slos ax LS 0] o g a byl iy Jas )3 L 9l 0395 g Caidgine s

390 dibate ;5 3l LS ] CandYl (laddgs ) g awgS sl 5ol 1y HEC-HMS o o lie] gols @ gaxe 5
Sl Cllgy — i,k w8 gilwauds 0 Jod LB 5 alin s iy oKl o cuwl diusly sadoly Jao adllas
BlS gy )5 ol clie oSl 8y90 sl Jow plr ilwand sl oo il J) lgie conlple e
Fsupse 5 Slllae iz gladize > Slg o HEC-RAS alox I canaing sogbey b 3l 53 Jie il (295
95 0 W5 b 558 e 4 da g b gyl 51055 )18 edlatul )50 (g slaslg) (sl S Ay e o
Sl (1ol @ )5 5 s S8 5 (665 Gl sslite 4 Wl oo A5 10 50 M e 5 ol yaeliy el
S8 ool psls imgn sl ol (oolaidl g elaxs]



K0 g (Hipmo /e 30 Slyy =iyl At ))5 6 jlwdunds JOHEC-HMS S5yt Jto ()05

SN0 y08 g S

ol S e S5 okl ool 5 s B 5 ol Dlie 555 adlae ol pysee gl ) lie S s
aload Jlo coles (6555 Aoy €6,5 LB > (55 b plie g (65)9liS pole oSl bawgs 5udi>s

rva




Pl s &ylocs 103 6199 «553)3 15055 Pvs

&b

[1].Abdessamed D, and Abderrazak B. Coupling HEC- RAS and HEC- HMS in rainfall-runoff modeling and
evaluating floodplain inundation maps in arid environments: case study of Ain Sefra city, Ksour Mountain.
SW of Algeria. Environmental Earth Sciences. 2019; 78(586): 1-17.

[2].Bhusal A, Parajuli U, Regmi S, and Kalra A. Application of Machine Learning and process-based models for
Rainfall-Runoff simulation in DuPage River Basin, Illinois. Hydrology. 2022; 9(117): 1-20.

[3].Meenu R, Rehana S, and Mujumdar P.P. Assessment of hydrologic impacts of climate change in Tunga—
Bhadra river basin, India with HEC-HMS and SDSM. Hydrological Processes. 2012; 27(11): 1572-1589.
[4].Teng F, Huang W, and Ginis I. Hydrological modeling of storm runoff and snowmelt in Taunton River Basin

by applications of HEC-HMS and PRMS models. Natural Hazards. 2018; 91: 179-199.

[5].El Alfy M. Assessing the impact of arid area urbanization on flash floods using GIS, remote sensing, and
HEC-HMS rainfall-runoff modeling. Hydrology Research. 2016; 47.6: 1142-1160.

[6].Namara W.G, Damisse T.A, and Tufa F.G. Application of HEC- RAS and HEC- GeoRAS model for flood
inundation mapping, the case of Awash Bello flood plain, Upper Awash River Basin, Oromiya Regional
State, Ethiopia. Modeling Earth Systems and Environment. 2022; 8: 1449-1460.

[7].Barbosa J.H.S, Fernandes A.L.T, Lima A.D, and Assis L.C. The influence of spatial discretization on HEC-
HMS modelling: a case study. International Journal of Hydrology. 2019; 3(5): 442-449.

[8].Verma A.K, Jha M.K, and Mahana R.K. Evaluation of HEC-HMS and WEPP for simulating watershed
runoff using remote sensing and geographical information system. Paddy Water Environ. 2010; 8: 131-144.

[9].Koneti S, Sunkara S.L, and Roy P.S. Hydrological modeling with respect to impact of Land-Use and Land-
Cover change on the runoff dynamics in Godavari River Basin using the HEC-HMS model. International
Journal of Geo-Information. 2018; 7(206): 1-17.

[10]. Halwatura D, and Najim M.M.M. Application of the HEC-HMS model for runoff simulation in a tropical
catchment. Environmental Modelling & Software. 2013; 46: 155-162.

[11]. Bhuiyan H.A.K.M, McNairn H, Powers J, and Merzouki A. Application of HEC-HMS in a cold region
watershed and use of RADARSAT-2 soil moisture in initializing the model. Hydrology. 2017; 4(9): 1-19.
[12]. Cheng X, Ma X, Wang W, Xiao Y, Wang Q, and Liu X. Application of HEC- HMS parameter

regionalization in small watershed of hilly area. Water Resources Management. 2021; 35: 1961-1976.

[13]. Cacal J.C, Austria V.A, and Taboada E.B. Extreme event-based rainfall-runoff simulation utilizing GIS
techniques in Irawan watershed, Palawan, Philippines. Civil Engineering Journal. 2023; 9(1): 220-232.

[14]. Majidi A, and Shahedi K. Simulation of rainfall-runoff process using Green-Ampt method and HEC-
HMS Model (Case Study: Abnama Watershed, Iran). Hydraulic Engineering. 2012; 1(1): 5-9.

[15]. Natarajan S, and Radhakrishnan N. Simulation of extreme event- based rainfall-runoff process of an
urban catchment area using HEC- HMS. Modeling Earth Systems and Environment. 2019; 5: 1867-1881.
[16]. Ghonchepour D, Sadoddin A, Bahremand A, Croke B, Jakeman A, and Salmanmahiny A. A
methodological framework for the hydrological model selection process in water resource management

projects. Natural Resource Modeling. 2021; 34(3): 1-31.

[17]. Scharffenberger W.A, and Fleming M.J. Hydrologic modeling system HEC-HMS User’s. Manual,
USACE. 2010; 1-306.

[18]. Kaffas K, and Hrissanthou V. Application of a continuous rainfall-runoff model to the basin of Kosynthos
river using the hydrologic software HEC-HMS. Global NEST Journal. 2014; 16(1): 188-203.

[19]. Moraes T.C, Santos, V.J, Calijuri M.L, and Torres F.T.P. Effects on runoff caused by changes in land
cover in a Brazilian southeast basin: evaluation by HEC- HMS and HEC- GEOHMS. Environmental Earth
Sciences 2018; 77(250): 1-14.

[20]. Chathuranika 1.M, Gunathilake M.B, Baddewela P.K, Sachinthanie E, Babel M.S, Shrestha S, Jha M.K,
and Rathnayake U.S. Comparison of two hydrological models, HEC-HMS and SWAT in runoff estimation:
Application to Huai Bang Sai Tropical Watershed, Thailand. Fluids. 2022; 7(267): 1-14.

[21]. Chiang S, Chang C.H, and Chen B. Comparison of rainfall-runoff simulation between Support Vector
Regression and HEC-HMS for a rural watershed in Taiwan. Water. 2022; 14(191): 1-18.

[22]. Dariane A.B, Javadianzadeh M.M, and James D. Developing an Efficient Auto-Calibration Algorithm for
HEC-HMS Program. Water Resource Management. 2016; 30: 1923-1937.

[23]. Kamali B, Jamshid Mousavi S, and Abbaspour K.C. Automatic calibration of HEC-HMS using single-
objective and multi-objective PSO algorithms. Hydrological Processes. 2013; 27: 4028-4042.

[24]. Garmeh R, Faridhosseini A, Hasheminia S.M, and Hojjati A. Calibration and validation parameter of
hydrologic model HEC-HMS using Particle Swarm Optimization algorithms — Single Objective. Water and
Soil. 2015; 29(3): 615-626. [Persian]



ryy K0 g (Hipmo /e 30 Slyy =iyl At ))5 6 jlwdunds JOHEC-HMS S5yt Jto ()05

[25]. Mirzaei SH, Esmali Ouri A, Mostafazadeh R, Ghorbani A, and Mirzaei S. Flood hydrograph simulation
and analysis of its components with landscape metrics in Amoughin watershed, Ardabil Province.
Ecohydrology. 2018; 5(2): 357-372. [Persian]

[26]. Heidari Chenari F, Fazloula R, and Nikzad Tehrani E. Calibration and evaluation of HEC-HMS
hydrological model parameters in simulation of single Rainfall-Runoff events (Case study: Tajan
Watershed). Watershed Management Research. 2023; 13(26): 69-81. [Persian]

[27]. Mirghasemi S.H, Banejad H, and Farid Hosseini A. Application of remote sensing in hydraulic modeling
and determination of riverbed boundaries (Case study: Ardak River). RS & GIS for Natural Resources. 2023;
14(1): 24-48. [Persian]

[28]. Solaimani K, Sharifipour M, and Abdoli Boozhani S. Flood Damage Detection Algorithm Using
Sentinel-2 Images (Case Study: Golestan Flood of March 2019). Ecohydrology. 2020; 7(2): 303-312.
[Persian]

[29]. Abushandi E, and Merkel B. Modelling rainfall runoff relations using HEC-HMS and IHACRES for a
single rain event in an arid region of Jordan. Water Resource Management. 2013; 27: 2391-2409.

[30]. USDA, Natural Resources Conservation Service. Estimation of direct runoff from storm rainfall. Chapter
10. Part 630 Hydrology. National Engineering Handbook. 2004; 79p.

[31]. Agnouy M, Ahmed M, Ayele G.T, Bouizrou |, Bouadila A, and El Messari J.E.S. Comparison of
hydrological platforms in assessing rainfall-runoff behavior in a Mediterranean watershed of Northern
Morocco. Water. 2023; 15(447): 1-18.

[32]. Subramanya K. Engineering Hydrology, 3th Edition, The McGraw-Hill Companies. 2008; 434 pages.

[33]. Azari M, Saghafian B, Moradi H.R, and Faramarzi M. Effectiveness of soil and water conservation
practices under climate change in the Gorganroud basin, Iran. Clean-Soil, Air, Water. 2017; 45(8): 1-12.

[34]. Belayneh A, Sintayehu G, Gedam K, and Muluken T. Evaluation of satellite precipitation products using
HEC- HMS model. Modeling Earth Systems and Environment. 2020; 6: 2015-2032.

[35]. Hamdan A.N.A, Almuktar S, and Scholz M. Rainfall-Runoff modeling using the HEC-HMS model for
the Al-Adhaim River Catchment, Northern Irag. Hydrology. 2021; 8(58): 1-17.

[36]. USDA, Natural Resources Conservation Service. Hydrographs. Chapter 16. Part 630 Hydrology. National
Engineering Handbook. 2007; 50p.

[37]. Zolghadr M, Rafiee M.R, Esmaeilmanesh F, Fathi A, Tripathi R.P, Rathnayake U, Gunakala S.R, and
Azamathulla H.M. Time of concentration based on two-dimensional hydraulic simulation. Water. 2022;
14(3155): 1-20.

[38]. USDA, Natural Resources Conservation Service. Time of concentration. Chapter 15. Part 630 Hydrology.
National Engineering Handbook. 2010; 29p.

[39]. Chow V.T, Maidment D.R, and Mays L.W. Applied Hydrology. McGraw-Hill Book series in Water
Resources and Environmental Engineering. 1988; 572p.

[40]. USDA, Natural Resources Conservation Service. Flood routing. Chapter 17. Part 630 Hydrology.
National Engineering Handbook. 2014; 78p.

[41]. Arcement G.J, and Schneider V.R. Guide for selecting Manning's roughness coefficients for natural
channels and flood plains. United States Geological Survey, Water Supply. 1989; 2339: 38p.

[42]. Moriasi D.N, Arnold J.G, Van Liew M.W, Bingner R.L, Harmel R.D, and Veith T.L. Model evaluation
guidelines for systematic quantification of accuracy in watershed simulations. American Society of
Agricultural and Biological Engineers. 2007; 50(3): 885-900.

[43]. Gupta H.V, Kling H, Yilmaz K.K, and Martinez G.F. Decomposition of the mean squared error and NSE
performance criteria: Implications for improving hydrological modelling. Journal of Hydrology. 2009; 377:
80-91.

[44]. Dawson C.W, Abrahart R.J, and See L.M. HydroTest: A web-based toolbox of evaluation metrics for the
standardised assessment of hydrological forecasts. Environmental Modelling & Software, 2007; 22: 1034-
1052.

[45]. Rafiei Sardoii E, Rostami N, Khalighi Sigaroudi S, and Taheri S. Calibration of loss estimation methods
in HEC-HMS for simulation of surface runoff (Case Study: Amirkabir Dam Watershed, Iran). Advances in
Environmental Biology. 2012; 6(1): 343-348.

[46]. Azhan M, Bahremand A, Sheikh V.B, Bairam Komaki Ch, and Mohammadrezaei M. Simulation of
stream flow hydrographs using flexible distributed hydrological modelling (WetSpa-Python). Iran-Water
Resources Research. 2022; 17(4): 242-251. [Persian]

[47]. Salmani H, Sheikh V.B, Salman Mahiny A, Ownegh M, and Fathabadi A. Evaluation of Hydrological
Response in Tilabad Watershed of Golestan for Future Periods as Affected by the Predicted Land use
Change. Ecohydrology. 2018; 5(2): 399-418. [Persian]



