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Abstract

Introduction: In recent decades, as climate change has intensified, flood risks pose a greater threat to
countries than ever before. These events have resulted in significant losses, including the tragic loss of
thousands of lives and substantial economic damages due to severe and flash floods. Rapid estimation
of flood extents is one of the most important and crucial things in emergency management and reducing
damages caused by floods. To mitigate risks, damages, and challenges, leveraging available data and
meteorological forecasts are crucial for better identifying flood extents and pinpointing the exact
locations of impacts. This information empowers us to take prompt and necessary actions to reduce risks
and minimize damages effectively. With the advancement of computers, achieving a method for precise
and rapid flood mapping is now possible. For this purpose, extensive studies have been conducted in the
past, and significant advancements have been made in two-dimensional hydraulic flood modeling and
floodplain mapping, with suitable 2D equations now available for use. However, one of the most critical
and impactful factors affecting both the accuracy and speed of 2D flood modeling is the discretization
of the solution domain, an area that still requires further research. Employing the right method can
significantly enhance modeling speed while maintaining accuracy, thereby reducing the time needed for
completing the modeling process, floodplain mapping, and identifying flood-prone areas. This study
presents and evaluates various classical discretization methods and subgrid variability approaches,
focusing on parallel processing to accelerate 2D flood modeling.

Methodology: In this study, the 2D-shallow water equations were solved by developing a new user-
friendly module of STE software. The impact of parallel processing and various classical and subgrid
variability discretization methods on the speed and accuracy of the obtained flood-prone areas has been
studied. The model results were compared with Sentinel-2 satellite and HEC-RAS results for the 2019
flood in the Golestan province, Gorganrood River. In order to model 2D surface water flow, the shallow
water equations, which are based on assumptions derived from the Navier-Stokes equations, are
considered. The key point to simplify these equations is to locally approximate the inertial term based

Journal of Hydraulics
20(4),2026
1


https://doi.org/10.30482/jhyd.2024.432211.1689
mailto:a.dehghani@gau.ac.ir

Analyzing the Impact of Parallel Processing ... Teimourey et al., 2026

on the assumption of the negligible contribution of the convective acceleration term compared to the
other terms of the equations. Therefore, it is possible to neglect the mentioned term, and the simplified
equations, named local inertial approximation, can be written as the relations (4) to (6). These equations
have been solved in the developed software of the present study using the finite difference method using
both implicit and semi-implicit schemes.

In this study, new user-friendly module of STE software has been undertaken with an extension named
STEGIS. This extension is tasked with conducting geographical analyses and performing all GIS
operations and two-dimensional calculations, presenting the results, and analyzing them. In the
development of this extension, efforts have been made to incorporate all the necessary tools for users in
a way that eliminates the need for separate software such as QGIS, Arcmap, HEC-RAS, HEC-HMS,
etc., during hydraulic, hydrological, and other modeling and analyses. Therefore, the aim is to make all
the necessary tools for working with raster, vector, and geographical files, as well as performing
hydraulic, hydrological, and topographic calculations and analyses, readily accessible to the user in this
extension and making it easier to use. For more information, please visit www.en.ste.hwstr.ir.

Results and Discussion: This research showed that increasing cell size in discretization methods can
reduce flood modeling time by up to 90% while maintaining acceptable accuracy. The developed STE
software matches HEC-RAS in modeling accuracy, but significantly outperforms it in speed,
completing simulations about 95% faster. The Hybrid and Min methods yield similar runtimes, though
Hybrid offers better accuracy across cell sizes. The discretized Face (DF) method improves accuracy by
about 1% over the cross-sectional Face (CF) method but takes 8%—40% more time. At the Voshemgir
Dam inlet, both tools provided accurate hydrographs for all cell sizes. Accuracy in flow discharge was
not significantly affected by increased cell size, with no major water volume errors. Efficiency improved
with larger cells up to 150 meters, with subgrid methods maintaining performance beyond that. The
Hybrid method at 150 meters was most efficient. Parallel processing reduced modeling time by up to
65%, especially for small cell sizes, with its benefits increasing with the number of cells and processor
cores.

Conclusion: The methods evaluated in this study not only increased modeling speed and reduced the
time required to complete flood modeling but also demonstrated satisfactory accuracy. These methods
can serve as effective tools for rapid flood modeling, enabling quicker identification of flood-prone areas,
timely notifications, and evacuation of at-risk regions, ultimately helping to reduce casualties and
financial losses.

Keywords: Rapid flood modeling, HEC-RAS software, STE software, classical meshing, subgrid
variability meshing, shallow water equations, parallel processing.

Conflict of Interest: The authors declared no potential conflicts of interest concerning the research,
authorship, and publication of this article.

Funding: The financial support of this research has been provided by Grant for PhD thesis, and we
hereby thank the Honorable Vice Chancellor of Research from Gorgan University of Agricultural
Sciences and Natural Resources for their support.

Data Availability Statements: The datasets generated and/or analyzed during the current study are
available from the corresponding author on reasonable request.

Authors’ contribution:

First Author: Code development and results analysis.

Second Author: Developing the paper idea and results analysis.
Third Author: Paper editing.

Journal of Hydraulics
20(4),2026
2


http://www.en.ste.hwstr.ir/

Oyl Sy el
Sl g you & pid
‘f‘f GM} s‘i‘—\ QW’ 6? O)LO-»:) £Y’ JLM)

gno.b“ 93 o
https://doi.org/10.30482/jhyd.2024.432211.1689

ot
g

o]
Iranian Hydraulic Association

30 GNaCul Lalisee S 595 9 S3lge 318 g Wl ow) g
STE ;131 3 31 colatw! b OMw (Sl 285 § s gu

"Gala Cl‘&é.n S0 c*relﬁhé M}'xo' c‘é)g&,} (-3

OB S b il 5 (55,5LaS pgle oKl ol e 09,5 5 5SS (seeiils -)
ulf)f Gh.a.b é—!b-" 9 Lg)')sL'ZS ﬁsl.c oKiils s_)" (ewigo oj)f bl =Y
OS5 oreb wlie 5 (55,0liS pole olSils T pwaigs 05,8 ¢ Loils -Y

* a.dehghani@gau.ac.ir

www.jhyd.iha.ir : g 0.0 4,25 oy $$$ AAYVERVER EpOWESVIPNRv iR 8 VER VA A BENSURVIP R ) ARV KR gERIC PR

5 Jelo ol s 5l (80 Lz alS 5 ol Ca e 50 0l5e 23 (gliol 5 (et 51 S D e Ay 0SS
p3¥ Slaladl wge a5 b S )18 o Slagagd 5 il Jow Ll s azgie oS oo S ay 63 arlpe s dig 380 Gl
S Qg 3,90 adlate Sl (g5 g Dlw digy Gl B Enl 55 @Bge 4 ag2lge 9 Sl (il als jglate 4 aieo plxl
Ggd idu dawgi b e duiizd l 40 09 planl oY Slaladl 5 05,5 Hlwlid cae w4 |y i valgs &l 5 (S8, o
Gos o8 Sl SVolae S p Jor @y pladl Jslos (19,0 i 5 SedlS (ganaSld iliss slais, @l)) 5 STE iy )57 1380 5
S38le s bl o ¥ i o laale dasgh ooy cud angy 5l oolainl b codel sy (sldaigy <85 5 Cae jus 1 (s5lae (B510 5 130 g 00
A8 Lmalidlols s mls canl a3 )T )13 )y g Cou 9590 99,055 aildog, LS lwl VWAA JLo Jw sl HEC-RAS
i Gllidl s o e b ) ol s s Db (g3ldos <80 Laas ras w08 unaSl sl oy, 5l eslaiul b SIS
STE a3l asaoss |l38le 5 ol aiilas (g 5lidow C8o (6,50 gud g 00l 0o )0 FO U Slasslne ce s a3l el (s3lg0 i5lo
S35 STE 331 5 55 OOl 55k o Jy s 4 5o 5 L35 HEC-RAS 3005 b dlow sty (s3bde L35

2l oo HEC-RAS jl58ls 5 5l iy dusys 10 4

o5 Ol E¥olae ¢ Jolow 9,0 Olydd (ganaSd «SeodS gauaSes STE l58le 5 HEC-RAS jl58le 5 eods gy (5 5d e 1y 51 guads’

“S5lee B30 Ges

S plSie ax by 5 logl 5 ol doylas talS
Gl st 9 99250 sools 5l oola ol Ll ol
3,50 ddbais 5l sla 4l g O digy oy wlidilgn
@) o salys 0l g cel 5 (SBS lro a5 way
boog— plxil ¥ slapladl g 055" plwlid co
ssbie ay (hy) Sa an (plei—ws Laadll) b,y
S el pdy Gl oM @ e g 380 (suaigy
Dl Gy A4S slp by, (n Fnse
Lol il o) oldlin Sledbl ailol s 5l ooliz

1. GIS

doddo -
Gl 48 5 ol w8l slo s pdy s Bl sladns o
S oo w1 Lo yoiST A Sl e e slajlaS
A oLl S e ez 5l obj sl (b 5 e o)l
g dd ladew bwgs (gl 8 goladl slo) o
B Sk Sl 00l Lo )9 LS ax gl LS
5 ol Cande )33l (n ool 5l (S D
soate 4 ol e 5l (U Lol 5 ol 2alS

Journal of Hydraulics

20(4),2026
3



\f.¥ 6&')&0.5 9 ‘S)W'

v ilizio LS9y 9 G390 )10y s oy

YU s 4 50 53 5| 2l walss als Sl lons
&lr p3Y oloy ae Glle gl Sl Lol o
olayl o8 L b el 5L g 0050 SYsb (g3ldans alodl
by el ) Slale slasl jlos Sy slaJsls
Gl5 1) Slosbors o 1 Slosbone ol (21531 o b
Oli8logd 5oligS (giludan aloul gl p3Y loj g 0ols
s olony] 5 285 2alS & ke 4Kt (sl ol ol
LGl 5L W B oo oo iy 5 lndie o
Iy goladone cds alizes (gunaSs glo g, 3l oolar]
ol pglie Slaslxe gla Joku olal ioli8l 4y s
G 50 Oy50 & (s Ol Oz sildas jslaie 4,
GBS S 5L %S (o0 )3 (g2 090 &5 (pladlslas
Al (S gl 430L (slralolen 31 7 e ( oloas 8
(oS Seolind) Goe o5 o] SYolro atws b @ 4
Sopladl e s g il o jshaie 4y ailoads anslis
adolee oyl (g5lw ool Bun i ladoes lawgi calizes
s> .(De Almeida & Bates, 2013) col 43,5 sl
ol o) Ges oS ol Gamgd SVolre alwo
555 5 st lodlslas ¥ (yisnies ge 5 () lons
oS ol OYolas atws (g5l oolw ;| e s,s 88
Liog byl 8 g ool Cawsds (S Saliss) Goc
(Neal et al., 2011) ol ouls obj,l iz lddoe
Toe Joe &5 el ools s oy 5 ol @l
Ly i Sl Oloj ye S o 0ud o gt
oy Jae a5 Jjo o)l 5l gildas plesl sl
At (rizmed Sl 0092 o (2 Py (e (o 1
¥ oley by 5o &5 plagl > sl sl oud
G (5970 JolS Salips S¥olas Jor 08 o yuis
s b,z 38o giladue 4y jol oulls ool slaalolas 4
I .(Neal et al., 2011) &ilosgs Slyou 398 Lyl jo
SYolas atws goae Jo jloolainl b (5 i s gy
o bl dlis 5 (oo (quo sl ) b Bos o5
sl Jae ;0 (JolS Sealiss) Gos o5 ol SVolee L
as ools i mls g 4,5 plxl weads b ciolel
oads ool SVolae 5l edel Cwsts mls o (295 Blg

2. Diffusive Wave Equation

bt ol Jomw ooz 5l o b le 5o O

slagl; g wa—l obj)l 5 daags 2,50 slaadlate
b 295key sl iyl n ablise (559,—2 Loz
S92 Laly 03 e @955l o Sl (S L jls
SR & &y (ot 3203l Gl Ca e g
ol 5 aT o0g ol 5l S8 5T 58
Gy rizod WS e | g8 9590 (sladilate
5 o] Ol 05510 (6l (590 50l o o
ol s 0oz Sl 055 4 o] St 5 O
Gl G 5 IS e 33 oo o
5 Pl g (Sa; 5l &5 0 wialsS e
5 el 25 s 5l oy ST 5 cils wialss s
o wmlys Cale o oM e g0 an i bl
SYlgas (Mo 4 ol 43 (S 5 (255l sl
BT a5k s ol g5 oloj slogtllr 5
3550 4l ( (SRl s Sl el gty 385 Ll
2l olz Sos o 5 Bos (D aigy way
3,90 9 (S5mmo slrddlaie g o fy ool daylezsLos
e jgee $lp Gl bl (oled Grizmen g g
955 2 Glies 5 Jews alt Slisy Gialed b oS sl
Ot 4751 51 g o0 e (il 4 09 o0 et 5, 2
@y Pa e e oY Glapladl b csls BT el 5,
s (S 5 530 G3ldoe 95 plonl gl
sleass o .culoogs ol jan g0l sl il L o)laen
g Loabsles ax o 5 Ll falS jolaie 4y 15
(Selgyee ildae sl sl g Foslw lahs,
g 48,5 plonil (6l Sliiod Jos 1 e 9 380
S el oa b Jol> p95 Jly Cd iy
Sildie ansls (ganaSed (Kigfx lagille (n i onl!
S 25880 30 e omg (3l sl o
L il a5 glo sl o5l i ol o3 Sas
b oosl adlate (SIS 995 4t (6w, R slasbo
Sl (35 8755 L il syl Ll b 4 4z g5
B ibadoe 5yl Lai jolane 4 aSd sla ol

1. Local Inertial Approximation (LIA)

Journal of Hydraulics

20(4),2026
4



\F-¥ OM} ¥ c)l.o.{;') AR 099

Sy yuad

4 S oy (595 1) Cd Gl 50 0l Ges a5 o0
B m ol o) gildas oS Selns Jow
L oaslys go ool ool sl Juw cawl ool jlid Gadod
) 830 @l eS )l Slewlre 6351 5 ooy Sy
e &l felS Sl Joo b dslas o

o 3 ol b Dl 55t 5 e Sl 1 5
oas Jo g lably o 0590 DYoles 4o (gouc
4, Tanaka & Yoshioka (2017) ,skais oyl (gly 0—ib o
L Gee o8 ol S¥olas aius 000 J> ()b (o)
bl Guiod (pl po izl (Joxe (ool )i
o o 0 Bes oS O S¥olas goae J> s5laby
aloles (pl (gode Jo cous Sl 500l canyp god
ol 00 gy 5 2 5 O slacs i g o)
JPIESw 5 8l 25 g0 e o i) ogs
Sibdin o il 5wl azy M byt
sl 5 SUSl sonl cavsts i Liales g o
!y ((Jamali et al. 2021) wwo &l 1, goube laws
S3be paede § Gl S g Bos o digy Sl
i DleMbl dlolus ¢ o S04 0,90 sloadlais
Gl canlin s 5 00,5 dbol 1) peslie Lo
90 65,5 & e (Sinnakaudan et al. 2003)
Slgiee Sgaee ildoe g 599 5l o (&8
oly O ol rals g o5 jlosl slapladl plxl (5l
0$S b 14 (Namazi Rad et al, 2022) il Ll
b e iladoe s slp 63k Jloms slaow]
lalBle 5 g 0ad (s p (S350 5 SSESS 5l ool
plil .(Safari & Mahdavi, 2001) cul oals &51)| alises
P Sy Do w g plpes Sjge 4 Slale
Slaghy, 5l (S aslllae 990 adhaie alide la iz
pll oz 50 a5 ol s (g5lede g s )0 oo
4 Artichowicz & Gagsiorowski (2019)lawg oo
Oigied gge Wolas S J> 50 Sge slagty; (o)
ooy 3l G pl yo ewl cald aiSley (gamg
oolaiwl (g3ludan bl sl p3Y ley Lials sl (s5lse
G5 ol 50 ool Cawsds SV slae o ools i mlis
> )3 g (Gl g0 4 S9aze (el b 5l eslaal b

S oy d JolS Salns @Volae 5l ool Cowsay =L
B 51 jeS 39,8 sae sl e 5 Sl pj slapl >
Owezes (De Almeida & Bates, 2013) o,ls 34>
ools Lis (5eatnd Zoe OYolas diws go0e J> gy
21y e Glil Hieeins zae OYolae ax ST ol
2 ST wlg e Jy S e bl Sl
zoe Vol S Gildae (95 4 ) (Db loaige
> g ehl Glogss ly 1) Gids @b (s
L_SL&C?.A 30 g g eols &l as ws el 1yl slaast
Gl 0y atwlS Q] C.:L.: R )l lm‘;m—lf S r&EM
dslie g i Cono jglaie 4y .(Gasiorowski, 2014)
oslaiwl g (JolS Sl ) (Bos o5 ol &¥oles plie yo
Sl lnl axngs a4 pladl S¥oles aiws (pl 5l o8
00 (gl emags 4ol b sl eolainl b b (g5Ludase
oS ol O¥olae goue > a5l ools oyl b cwl
st Sgaome LSS g, 42 s (gl e b s
Gos oS ol OYolee J> sl mls &l o YU
Bl Jow olasg, (giladas jo g anils (oS Swliys)
aS D Ay 330 (g5le Lasrine jo 1) 055 (Sl
osly lad c0dgr apli 050 1 o slaglejle lawgs
S5yl gwy ka4 (Courty etal., 2017) ool
Martins et al.  _=hw o (b, o 9o 5ldoe
Sealind) Gos oS ©f Jow dw duslie 4 pladl (2017)
590 T30 5 (e syl B Gos o5 Sl (oS
Slasg, o gl Joe 5l sanel Cawsd ol g asls
Sbyz 9929 B o el oolo (lid gudow ol jo A8l
Sloreed csllas 5)50 slayg, 10 odory [l dwain 4
ot 050 Joe s 5 il el Cessdy mll (e (29>
odalive Jow dige Sy 9 Gl (23 9 Gos dis) 5o
L}o& A 0)5...9.,0 Ty J..Lo d,..a.?u uJ‘ 5O NG WA
S FS (051 Jow 09 2y T30 5 55,50 Sl
Bos o ol Jow .l 05,5 giludon ;500 Jow 90 @
0 phn Too (oo5 &Sl s 4 (oo (oo il )
Gildane a5 Swlos Jow 4 cad 1) o

Journal of Hydraulics

20(4),2026
5



\f.¥ 6&')&0.5 9 ‘S)W'

v ilizio LS9y 9 G390 )10y s oy

pladl Gadiz onl 50 cplply 098 oo wlu (5,)138 Cgm,
yokaie & STE jl38ls 5 (gumgo i dxugi g (smsgiaS &
oA § s (B S (G99 9 Sy (g5ledoe
o5 ol gamgs o¥alee 5l eolinul b e 4ty (sl

o 595 g olgo =¥
om0 D30 4 (b O by gildas pslate o
OR)S S5o b S ge )8 oy 9550 45T (SYolee
S Wloos Al Gee o5 ol OVolae aiwo ol @
R GRS S S )3 Dy 3 Syer— L) S5
oy |y Jhwo SO o jlid cou b > 4 cnl (73
oS gwla g Yolas 5l Laadolae ol 0sS oo
28l elido a5 oyl b 30 (Ges (0 0ud (5,8 1Sl
Ao zlyZwl (il gogee wbide 3l 35S, 5 b
3l Slacgoome Budzs cpl jo colaiwl 090 (Jol dlolas
gl G slaiie b selgldn Juilians slaaloles
p sl as Sl (gA2s 90 Gos pfg_’i SYolao 5l oo
Sl )3 S (oo g |y B o5 ST by pyiiese s
G (V) ojla—is gloalayl) & oo 4y Y olro opl (gam 90

Oh 0q, 0q,

—_ = 1
at  oJx dy 0 M

0q,  0(uqy)  0(vqy) d(h +z)
ot T Ty TN

2
grllalla: _ @
h7/3 -
0 a(v o(u a(h +
9y  00vay) (qy)+gh( 2)
at dy 0x dy 3)
gn’liqllq, 0
h7/3 -

2 Qx ool Gos b Loyt (M) () sloalal, o af
P ol @Gy X Sy oy dxly yo oL
5 Gy 50x op s0 anlpligll <y caz y5 oye 02ls
Sz 0 Ol S VX Sz )0l Ce

Sy o Mg (yoy G5 Qb g oS 515z

Sl p3¥ oley 2ol po 1) 530 yidan s5lse 3105

Syl ol er a4y (g3l sl
s g5l sl 5L 0590 lrosls (s et 5 (S0
Dbl oo adllas 590 ddlaie awiin 5 (SBI)5 e g8 4Ll
sloolgale 5l ool wl b dlize 31,5965 sloa s
slsds o 500 6)9T 3,5 ey 0, IS slp e

KTy uL?r.».s‘ \ B oy o R

&l pe sl 5l M g5ladoe 6l 31555
Sdlge D (gildae jo Z8s 0 VL 4 ol
4, Khojeh et al. (2022) lawgi ouls plowl gandoed ;o 1
SBs s alide (Sl S g slea—ad U oL
;0 HEC-RAS 15310 5 31 oli ol b Slas (g3cie
5 g 42315, VFAA olo 133058 e 5 sliealS ol
aigy 5l ead o glapigai L) Jl38la 0 Sl oaal covsy
lod S (guy p g Al ) Jiitiw o)l9ale Loy Jo
SRTM-30 81,5 g 95 aias ols yLis udoss oyl ol
Gyt 6yt alilsi 5 cis ALOS-12.5m 4 m
dilaio (pl 50 Jow e iluatine g Jow g5ladae

KUK
Siladie aio; y0 Wm0 o LS Buiod iy (o0
Sy Jom sy 9 D (Slgyaen g gamgs
B olie samgo sloalolas g onts plowl gzgs L5
5565 et 5l S SRS s 5l s sl
Gongd Sildae S g 8 )0 baaliase (5,08
Sl o aials (aiaSed 5 (s3le wnnS (S Jooo
gy 3l esliinl o)ls Budo g (owyn Slr jee &S
S ) siledae S p 2B b (pad Wl oo el
Gy «siledoe plosl sl @Y olej 5 ools il
50 a0 mals ) waed 0,00 sradlhaie Sloliss g e
GonaSed @bz sla by (o) n 9 Sl 4 Godod
Sslye B3l Sloys (Jeke (59)0 Slis 5 S
[KVIRGI WG ES VI3 W R VIYLISUt ] [1- RN SO
Sby, 5l gop)ls eolitul 5 gile eoly Holaie 4
L1Ble 5 S kS B (nl (omin 9590 5 o0l
Do @y Gildae @it g iy )5 e
5 obeyd g Doy Gamed iladde (e gomany

Journal of Hydraulics

20(4),2026
6



\F-¥ OM} ¥ c)l.o.{;') AR 099

Sy yuad

olod U sl oy orw dig3dl (pl anwgy oS o
SR 938 10 5 (o giaS lasTa 215 5k 0 )90 sla)l
sladedos 5 lagsladae sl oloy jo )5 6 005
slalBle s 4 65l 0pe 5 (Soisly e (Sguee
HEC-HMS HEC-RAS Arcmap QGIS aiils 43,250
115 aled b sl o0 s 1) 5l ALENGS 0,
Bz 5 6ol gy B L sl 5l o)
( Sy ol g Slle plxil (izen
S s o a8l cnl o (BT ns8 5 (Suislyne
o i Sl sl esliiad LB o], 4 5 ooy

Sl ool &1l www.ste. hwstr.ir cole

Gl sl g
SYolrs 5l Basiod cpl Ho oo osls dx gy j138le 53 5o
RS IS CE] PPN+ SN E P W 5] BV W
e i (55l aseiie g s (1S (55l
gy 3l eolaiwl b OYolre ol aS cl ouds oolai !
(S Ao g gomd Sl 90 4y g Sguze slo Jola
Tanaka & Yoshioka, ) cwl ooi —wsgiaS ¢ J>
LIS e olo Jolw VS sllae 2017
Ly 0 Ol Ges Jlake a5 oo 5l Ay g Ax slaal_ols
Jslo @21 )3 (250 92ly )3 (25 ke 5 Jobw has
Y oS Sl 2 538 50 e sl jshate
BB slaJsls b plp s gla ol o3lail b ol
Ladl )y ail ddlaie 81565 a il i,
> Sl slaslw Jlod (199 Vb &y 4z g5
bogas, Y )l 003lo (59, 3 Dlmlme g (35105
oS ol O¥olee ains oue o (5 lub Ll ph 4 4z g
s pl5 1S5 lbos (sla sl b (glde 3o
el sl o3 ey 1AL 3l 5L (52555 lolins
s sl olul Liali8l b .ccul GYeb [l g5lidan
Gl ol |, slawlrs glo Jolas slass o)lg5 oo 4
Iy Slmwle px (Slle Gy pl8 iol38l pos
5 olisS (gil—udos plasl sl oY Gloj g ool rals

2. Raster

Db oo Sile
oyl o 85 9o 4y DY olee ol (g5l ool oIS
S JEBI QLD 05 (5392 526 (22 el (e
Oelpls ail co () 5 (V) doles g0 50 oo slap 5 4
—iz Ol Sl i sleolz 50 555 oy )
oy ol b oo (g5l ool SVolrs g 00,5 g
Clgs () B (F) slealal) ©jgo a1y (love (oo ]

(De Almeida & Bates, 2013)

oh dq, dq,

- v _ 4
Jat  oJx Oy 0 @
09, dh+2) gn®liqllqy

Tx = 5
o + gh o + 773 0 Q)

(6)

aq, dth+z) gn®lqlig,
ot TIh T, ws 0

STEGIS &g 33! g STE4i8ly dnwgi 41381 0 5 —)-¥
Nadilsg, 55 g9 Lk 505500 5l58l0 5 sam S 25
A 00y daswgs Teimourey & Dehghani. (2021) lawgs
Y 5l el ey Ll 05500 calisee (slabs, 38 ey ol
009 9 Sigraed hlie o by, ( Ses sl b,
g aslllas S )b g Bleo cyin )b o500 s diaiion sla
lise sloby, il cnl 5 sl 0dd g oS
<5 o ailil (phip A8 DS boghu Citpus drlore
FB g oy jo (Sgyee byl ;Koo 5 OIS
Sl a0 g aliie o by, Cuizrad g diis oolazul
3 2 Bl g (ealy il wedign (sl ange

ol 00 001> drsgl g, Jb 050
el alels 5 laKdjloy sl aSnl 4 azg L
Ul wilgs oo 5 atils o9 Cdyin oLl
el 5 giladas sl o 1) o8 4 paxis
sldd= by Sy (D slaay,
ssbite (et 4 i )] Oy 0591 5 (Sl yn
GI29d 5 (omsidS g drwgs 4 pladl Godod nl o
ailsg a5 ool 0 STEGIS aigiil ol L STE 581 p
sl @l oz Dldee ala plnil 5 oLl a (sla Julos

9 Sl gl 9 a5 oage 1) sum 93 Slwle

1. Sediment Transport Estimator (STE)

Journal of Hydraulics

20(4),2026
7


http://www.ste.hwstr.ir/

\f.¥ ‘C)')ls.o.b 9 ‘5)3,0.93’

e ilizio LS9y 9 G390 W3I0y U oy

Sade Glowbre sl Jobow 9 J> aisls jo b oS el
&l 0,8 )18 solaiwl 050 Slwlxe 4o 9 aziie QT
sbaids 5l glawlre Jobaw o 50yl cpl arle
P2l Gk gl a o b ooliiul ey ibig
Ome) Gy A2 ;0 39z ge Slaganaiws | Sy
b e 9 oS Siile (6525 a2 (lsie 4 (5 )loke
Ol by saiaiws (ol G CoalSin 4z g
S50 (GALASL by, 4 Az g b (6 ) b g i
axgi bla iy, ol )0 0sd co s g dsle coslii]
3l gatas | S aS] 4
25 8 Sl Jobo G5 ) o il
o9k 4 Slbre Jobow 12 sl Siile (555 o 2

Py ee Al Jobo IS sl Lavgte

S I -

65
——Hybrid 200m  ----- Hybrid 50m
50 ——Min 200m ——q1200m
——DEM 10m
- 55
g
Y
2 s0
§ hﬁ ‘ —
‘g s =1 : 7
o \ ; NN\
40 \ i
35

° % % % % % %

g oo Gials 4 e aSil sla sl olal (al8l ogl
Sl 5L W o9 o0 Jom aie 9 (55ledie 5o L olx
Olyets slahs, b s SemedS slabs, 5l ool LG
Sl Gl 4 cos ) il 285 sl (990

el pylie 4 sla sl

S5 (guisasoly sla g

IS slp e gl IS e Dbl e
JBles 509 (b il slaghy) @b sla gl
a5 wibige )5 bawgs QBGl B 5 oul pwngias

GBS (pl cwyp dy5e (oSS 5 JBlam sl s,
il e

o e sl el 5 s (SO Sl (625w po

%% %% %% %% %% %% %% %% % %Y

Distance [Meter]

Fig. 1 The bed elevation is selected by classical meshing methods compared to the digital elevation map
uﬁ‘;}'}; LRI O c.’a...u )‘)J J.'La.n 5 S 6.&44&.&' le.lbuu5) .‘04.45.1 ouls ol O c.]a.w )‘)J ) J&Q

-dele.u,-n

Jol SHlz e,
Jobos 58 o) s 515 lgre 4 (g lade (o) ol 5o
3y lade ao )0 YO a5 05d oo ol Sl
VO 5w o 51 5268 Jshoos 0090500 15 (e b

50) s gollas axiwa o] 5l i sl Jlade as o

Sl g,
03gazme ;0 (o gelaws Sl jlaGe o 1SS Ghsy ()
ol ln e gl 515 Olsre 4 (Slwlne sl
) S @l S9-d oo Bld Slwle 4o 5 Sl
s e Sllre sladslow slal Sl L cd

Olidl Uas g ools cws 1) (o iy el | Ols s>

Journal of Hydraulics

20(4),2026
8



\F-¥ OM} ¥ c)l.o.{;') AR 099

Sy yuad

3 eiired S dlgs a wlse Cadly 5l S
Sy g 0dd Sl s 55 b2 poitiege Sl
Ol o 6l g o dsle Cually Sl a8 (b >
Sorge Sty 5 (S (olod (285 Sl 55 5 £9udge
Slabs) 5l os-bee (Flwlxe Jolow Sl 1 5
S ooliiad U oo (g3l sl ok 5,5 Sy
E9 nl 00,5 eolai il Bes oS ol SYoles 4z o
S5l sl e S (85 58 sl 4 Slwle
S 55 Symyn sl e gad 3] Flelme ol
(Siladane £9,0 51 s Sl ol jo 0l salgs oolail
9 485,18 JolS (o2 9y90 (Slmilne Sl yo
20575 ol g Ol s 1kl ¥ S il
5 dbre o Sl sla ol 51 S 2 sl Jobo
10 00 )il abas 5l eolitol L 1A) o salys o
T pr 41 T s 15 1 oslial b 5y eyl o
o ol 518 0T o szl by 5 s, s 518

ey @S Sl g g5l o 50 Ol mhans 51

Cell Elevation - Volume Relation
51

49
47
45
43
41
39
37

Elevation [m]

Volume [m3]

Fig. 2 The relationship between water surface elevation
and the volume of water in the cell, extracted for a
computational cell before starting the simulation.

sk 39 35750 ol 2 5 Ol s 15 abal, ¥ S
Siledoe £9,5 51 Gty Joko SO (sl 00l 25l

Sl bl o Lacaa o 555l W 51 S

poege Slwbre ploxl (Jskow (9,0 Sl Sl s,
P ok @00y 9x Capx o by (99 0y Jlade
ol 5o ey 89 dolw (490 Slyess Ll 0y

ROWHIPUEI g Jt BUSSUIRPRAP -2

9y Ol silmlre sl sl slal aldl b el ol
S adi 4§ S5 |y (e s 5l el o8
Setl 5l a8 Sonly o)l ol (Jy S pdass
PRATSSRSTE ST S S_—" ol Ok sildae o YL
542,55 5l o o ve ol (6lme an bgyye L
029y (! sy 5 I8 sales ol a4 as

O PRCINENE JF I N

=S¥ oP9)

slade Jsl Sla gy 9 oz by oS5 b g
WS oo At (Glawle Jobow j0 1) e e 515
aslllac )90 laddlaie ;3 () (nl i LB Sl
IS e lp ey b g Wl cn b g0 alise
ol <l Ll 5 gl Sz 5 B> sl jba,
W) o 1, by, 51 plaS o 5l eslitwl oo ol
P28 5 5 gy Bwgl (e a5l 2l e
15l ol 31 S s 5 e e
ST 53 (e il ot S
iloy FS3335 b e o 515 @ 2l (5

Sl 0950 Ol GuaaSel s b
Jober S 50 ey b 515 Olge o G Q]
45 2lge )0 05 4y (gl slatlly b Glulos
9 98k (e gebaes 15 0k Sl s b sladlase jo Joboo
Ygars .l ol porr a il ails 55 ol Jolow b
e oo & S 550wl 5l 0 2l 6l
oo Blod aSul ay azgi b aiylo J13 Koo gladalais g
sl 10555 5 YL Coal 5l g5ladin yo o (5l
53 35750 £li)] 513 slo Jlade pteS ol o3y
18 095 Sl oo T sl b Jobos oS5 5
Ao e wasl sezg o il iete 5l
A5 ailsag, 3 o b g laanl ] o azs S
Wil oo giladae jo wiyls Jolow olal 5l S o ye
Oly Jo aials 4 by 5l (e o> oS (G900
P 5 i Jodd 4 Jsbes 5o Ol s Sl g
i i 5 00 dmslono oS coaly 4 Cod dnl

Journal of Hydraulics

20(4),2026
9



v ilizio LS9y 9 G390 )10y s oy

P ke nl 1S4 50 Sl priege Dlulxe
g S, laghaie 5l plas o gl 5,155 Jolw ols
Obey 5o 2,0 ghaile lp (B 02y )3 Gl (@9
b oS 05 oo drulone 4l 2 mye yio o (G0
ol S g —ose hafle o5l 3 Jlade cpl 0 ) s
tl 50 9290 ()0 laghale (ooled (61 Slulos
20 QPR ludie ool oty sla ke gz g Jolow
Pz g Jobw s S 6l g ooy 0 0l
P9y Gl (7 JS=8) o sl aulons 4l » S
IR gsludas plesl gl p3Y Gloj (o037 Canl (e
Sloolaiwl (b 20 5385 dslxe pogdle Jg amo
8 b llae 5 380 Vb Sl b Sble (605 w0
Sl e 1) Conlly 4 5035 g (S S g5 4t
Ol peiege 538 drulxe sl 093 o5 el
29— Sy50 by ol 51 65 G @l I b alys

HEC-RAS |38l o 5 -Y-Y
5 Soideyee Jlod g giladae slp e ol
‘51 slaabls g bailog, o ol b, Saluog o
sazie OYLI (251 (gielg 0 qwdige S e Lawg
)‘)‘5|'=)3 O‘i‘ ).:.>‘ Lngu,‘b)LiS o Lol 00l ool dxwgl
o 90 Giladan jslate 4 (60,15 5 Bz slac LB
g Olidoy alol gl g oal adls s ‘_J oby=
o}w‘sa oolaw! 039> QL@.@M’ = ‘h“"}’ et ‘_gLa:o')"j)..g.
5leslatuwl b (samgs (giludas ploxil a4y jol8 jl381e 5 oyl
s 1y (oIS Sealiyd) Boe o8 o 5 (lone (omt!
QP J S £5]9L"' Qﬁ)é ol (5‘_\‘_,4:-&0 w g}"s)
B Joke 90 Ol oSl by, bl e
NS iy, 35 L HEC-RAS I3l i )5 o a8,
23S g Bkl )0 A0 00 Jelus (550 Dy
Awd )| M g)"‘ ) ol UBLQ...A STE )‘)S‘P)J L) ol

Jo (e (o yinl o ,5) (Gamgd Gos oS ol O¥olas

2. Discretized Face (DF)

Elevation—Volume
WSE = 43m —2% _ volume = 65728.83 m?

Fig. 3 The computational cell with subgrid variability,
including the positioning of flow discharges in the x-
direction for both CF and DF methods.

oo Jobo 19,0 Slpts Sloslrs Jsbo ¥ IS
ghio mhaw (g, 90 sl X Cuz 50 (b slags bl
P 53 0 il denS 5 S

'Jols” aaito el bg

bz &S Jslew ald )z 51 G y0 sl ) cnl 5o
ol paio o S wah anles o ls b g )5 gl 5o
gl (nl 4 4295 b Ollone g 095 g0 i3 S 15 50
G oley 5o Gl (20 QFFPE Jladie 5 plosl abais
b 4l oS e s Jolow @5 6
JB o palyl 51 (SO (g cnl po (Y JS) 0d salgs
ail pgiiege Slowlbre 10 (b, Goe Wy o oL
Boe (S50 Bos (( Sy e gl b s &S
STE J|3le 5 slp ahiiie gl ae (n s 5 Lagie
o2l 6l 5o el 3 45 ol 0 530S g iy 25
8,5 )8 (omy 2 50 9 00l QLN gle Bee o
959959 Ol (@20 Sl azg b oy (pl jo .l
59 0d—b iy glaghite w0 Jow 5l (29>
Soile (6 2 oo Wy o dwlone Jolw eD2
b dalyt dcule ahate mhav gl Lawgie

TP 2e 30 0o (6 5lw A (9
b (699,5 aatie o) Job—w o2 2 g, (pl 5o
asd cdo ojlail 4 S> o8 slaahaio 4 (G2 29,5
u)‘).:l.u 7 M‘? M oolaz ! 3,90 63‘)'?9"53

1. Full Cross-Sectional Face (CF)

Journal of Hydraulics

20(4), 2026
10



\F-¥ Om} g c)l.o.{;') AL 099

Sy yuad

3 Sllbore plasl 5l Gy g 00l (g3l 0,33 095 4

JES! goer Sl o5 s il doat o oles

b oo

In a time step

YA
Nt

\
1[4

JULLCRLSRRRT T CTERTATCLCTTRLTEY
(DOERTRIDIOREORRRRRRERAARRRRRAY

> TNy

>

. ; : +
1 = [ i+l M ¥

Fig. 4 Parallelization scheme for a time step in numerical
solution of shallow water equations.

Slr Sy o8 Se 5o slae Sibon sl (SSa F S
TR dA.C ‘1,5 u—‘ Yol J? 6‘)" GsLMulZA LngoJf

axjllao o g0 adlaio -F-Y

slaailssg) (nipte 5l (e 29,085 L oS 5,
O O e g Sl Qw QLI.,.J 6Q‘ﬁ‘ dJ.AJJLM
ogSaids, 3l og, ol .oyl b > Q] 30 obads Ll ol
g o2 4l 5 4T etz s 39 5 Y]
AN s o (B Jlah o 9lio 3 g 9l sl
S —v) J?!.c B uLcsl 9 éjb s;ﬁ_,.i:oj.é 6[.@ 4.3[.503) .oﬁ)‘;a
Ol ladS o 5l e a5 B ailBog, g oyl dS
5 Jlo oloy sloailssy, izes WSossn oo
IS L eglS S b Crx o sl ex
oo ails0g, ool ds dgS 51l (6 ying o (ool ]
Ol Saled )3 090 3)ly ey s &y s 9 000
Ol e 5l hgme 5l G g 00l GBS s )l wlssg)
e oS i ($Sa0 40 e azrlss U 51 ]
slass guaos ol dalllas 9590 03l ;0 05 5 0 3 sl
R85 S 50 e aS 0ls 1B ailBg) jene 3 LY
1 el 00 ool o5 ldis 1581 053 g0 o 4o o]
JBles 98 52 slp oy (Brme b cdls Wil 095 o0
Gl 3l g0 o s

5 b sl Swb Sl p WAV el Y8 & )bl
5 ok gQL';_,....lf alo> ‘Q‘ﬁl ‘_,’JL,_M; (_;Lmdl:_w‘
u;L:inL~A$ 90 9 03 Ls)t? bkdu‘LgLo‘z‘JLani

oolaiwl HEC-RAS l53le 5 ogaome pox> (b9, 4 0ads
a8l anwgs 5810 5 G e aalie jslaie 4y el ony
HEC- |l33l0 5 ;o (a4 HEC-RAS l38l6 5 s STE
90 Jo aials alod ;o C31giSy g om0 Ojse 4 RAS
5 Olae (soled U Cawl onls orw g oud bl (gu
Pl Jl8le 5 55 52 sl pli s QLS & 50 4 Dloglass
JUCIPS PR PRV FCWRYY S e sy anlio b ogd

V-1 é)

Silge pojlop -Y-Y
(5my 33511 5 s (B e (3l jolate 4y
03lyy 5 (oS (oS Loali e (p floge 5 (S0
e ol 50 1 il e S¥oles o (gla by, 55l
o bsy 63w 00les 5 s 05 b Easl b0 xs
Sl gy dp2 0 Bogd plodl (slaigS 4 it
31 e VBINET )L 5l Gadios ol )0 oo 75 Sew
S8lorg Solo Lawgi ol i) (cumgi 4ol @ slag)l
ol oo ookl (gl b5l s Curbld ol o 4y
e plapen szl Gl (—235 S5los 3l
(X310 aa) 0o 32y (pizr Sy 32 Sllona
S alaailly o 5039 3 Sele e (AlEN jolare 4
oolaiwl Bl s lais v sleonsls y a jpome
99 05 Sewd G ) S e g ol Jal 5o o
Doy 4 Ges oS ol O¥olee J> 0wl snijlo g 5,
Jdo a loy sl jo Ollre dgame slo J—olas
G D30 s b L K00S54 slo jladie Sl
Sy P Sy 5o Slalone (g widly oo o ciy
@ Nlg oo (Y5%) B 2 bgrye (Slslre slao 5 (512
I 355 ploxil o 551 (029,57 5 0,5 1 (sl lyome & j90
slp Ol ¥ US—2 Glhas Gslae (B3l n b,
slail sl Y ooy LS g Slslone ey a3l

3,5 solaiwl (g5le acs
5 sl alad! 51 g a1 o 0 F S5 gollas
sloo 5 oles o q:g 5 qif]ff%t b o g3l 653
Sl Gee la jlaie S8 Billas loazes ( Sl—ale

t+At

Journal of Hydraulics

11

20(4), 2026



\f.¥ 6&‘)&@ 9 ‘5)9.0.!4’

v ilizio LS9y 9 G390 )10y s oy

el Al )50 ool
aLb 5o @bl adhie ol slacde Gle Jou
@ Sszolw ailsog; 5 Slao B Albsg) lapl 4 92
Slarof asld g b oo Jilie 09, 55 wlBoy)
el e 4w )3 (2l e b Bl S by
o ez w55 o e sl 5 (S S oS 0,8
g (| (20 il g dalllng 550 ddlaio il 34>
L g sl 5zl Ly 09,05 5 w0y, o0 4 Cad
Sl 5 e (nl 6055 Gloazm o Aol 4 4z g
Jw A wile 5 Gladew 3 5 035 SGL
o 55905 i yoan 5 00 3 Leow Sliges, L VFAA
B8 5 00,5 e ailsog, an |y g0l ol 005 o
2550 Sgzr (g jldie o |, ol 1 el [l 5,0
a1y 05 oz (Ko L al 50 sl gens ]
oy S Cewsd Gl 4 (65500 5 Oloedisis ol
S Cmwd by A 5 (emolw A0y, il oo
Ol 9 99— n Bxbe 295 5 ails0g) 4 g e
s aslllas 5 g0 dilate e 13 6586 0T Db

|

Input of Voshmgir Dam

Sl QLS plil ) el ot ()b Sl g
st 33 45 pldaS g a8 5yt DB Gl gslSusS
Sl axals 513 99,85 5 9w 03 slaailsoy,

il (b5 g el 5 0 (K28 ST
Ol (29 ead Eud gbvools jloslanl b s ol yo
VE 5l awssS 3l g ugglianiS (g yeg e ol )
58 St gollae VWRA 09,8 VA B AYAY axi
30 ey S (635,99 dxlllas 5,50 dilaie SVl
G r—eS sildae 4 pladl asdllas 3550 05k Sl
dnsgi I8l 55 5l oalii ol b s gatsaigy 5 Dl
wigy b gl 4ylie g HEC-RAS lj3la 5 5 STE azil,
52098 Vg, b oV s o lsale lagy ot oo
13 00 o digy sl 00 s Ve 4 el VYA
o w55 s NDWI a3 5l oalitaal b g o
4 5 g2l STE audly dnwgs )l3dle 3 50 00l qunginS
10 ISt Blhae So g jho syub il Sy
1,3 oslit_l 3,50 STE 3 HEC-RAS e mli ;)|
51 odel Cwods angy Cl (555100 4 oY Ll a8 )T
g b ¥ Jiiw olsale g ook EuS g

Zo,l oogazs ;0 Vi ojlgale la gl oa i oo

iz (b)

.-ArazKoose Hydro Station

i

Fig. 5 Flood extent observed and registered by Sentinel-2 satellite (a) Sentinel 2 satellite RGB image (b) Detected flood
extent from Sentinel 2 image

g O Y Jociw olsale lawgs 0als S RGB pgad @) ¥ Jiitiw o)lsnle Jawgs ool g onls cowlive Jww aig & S0
Y J—‘*‘-‘-‘*‘ °)‘91°L4 .L:....\y 0l Cod pygeal )1 R Cl)ée;..,;l

Journal of Hydraulics

20(4), 2026
12



\F-¥ Om} g c)l.o.{;') AL 099

L

o d v % o VTG Ar
Ll R !
M liie g

-

“\Voshmgir Damj R L lt £
2 3 31 -'Araz Koose Sta(ionf
‘* et 2 Laaly Legend
e A <55 [l Tree cover
- - %y [ shrubland
| e Ask  Grassland
Sl 4 #1354 [ Cropland
¢ W ; saz s [l Builtup 5§
e N “meer |
Y~ \A <7 Il Water
b ) L Y e s [l Herbaceous |
i aw =3 > sager ll Mangroves
A= Z sy \Aaxf/b(henj

Fig. 8 The land cover map of study area

o 51 sl ol g -0
4igy) oo osalino slo 03ld (09 S g Hho i axgi L
i)l sl (Gl o)lgale pgad 5l ea s gl ol Jou
5l odel oy s slo aigy b el p3Y o Jow o
Bl 5| S, g 5 HEC-RAS 3 STE (la o
I S g a0 o Jlade 4 STE aidly assgs 3800 53
i)l ppgate sl yell Lawg o Jus 280 5 0t

855 18 oy g Lou 090 (5 b sbaosls

Y’OJAJ‘
Ay Cyd y5lp 50 Jo ol e yiel)l ol
oS lil a8 (92 4 AS e aseiie |y (M
50..\_{;) soal_iw )‘M)J'—‘“A“'QAL;LQJ}L‘“ C,_.u)é
Sl g e (60505 ST (Awd ) 90 42 00 duwlre
i) wloads asedes ms digy obizil 4y a5 ola Jskus
S (Gl + oald saalin jlade Jg ) oot 4wl
. ‘~."’ o).‘o-;?)g'és_‘i,tsa w;)ﬁ;)o ., 60),@)'

el e s S8s saiws lad auil

To yod duo yd
gy sla oo JS ot ol Gt 05 i
shilo oad cnnlin slo Jlade oled) Sloslie Jow
Aolez Cawdds 0 0 duo 0 Jlade Ve o s () lake
Joo s ool Ve 5oy Jlade opl az e ol

3. Point
4. Point Percentage (Point%)

600
---Araz Koose Station
500 ——Gonbad Kavus Station
----- Input Voshmgir Dam
400

Flow Discharge m*/s

Fig. 6 The hydrographs observed for the flood
occurring in study area

50 dslllae 5,90 ddlaie (glp oo cud U1 T g 000 £ SCH
WA Jle e

cools 5l ikt ) Bl Ty ands el (glp
yo VY S <ds L Copernicus DEM SRTM-30m
S e aids -l cewl oo solaiwl lds liwl jo
STE ,l38ls 5 31,5 5:95 aiias sgbils colbld 5l oolail LY
3l oael Cawods slaosls aSul 4 axgi b g oo by
oolaiwl LI casjlo yie Ve SlSe 80 ¥ i o lsale
STE il anwgs jl8ley (JuSy (boygy® <okl
@ Gl By g (S S e aidi olsgys 4 pladl
ol 00l ¥ oaSCogo ol ys g, sl eslawl b yie Y
3> LESA WorldCover v200 (ye) (i—digy 4l
L aalllan 350 aibie (sl A JSC5 Blao i Ve S
bl 5ISTE I381e 55 (cam g8 S Sl Sodild 51 oolasl
Slde oot gl i onl 5y 28l ye easl &) JS6S
oas oslaiwl g jludan ;o Sile (505 cu o o

i

oy

‘with the

Fig. 7 Digital elevation map of study area élong
location of hydrometric stations

ol b ol e asllae 8,50 abbate 31 555 ks ¥ JSoib
Sy ied sollinsl (5,5 ,1,3

1. Digital Elevation Map (DEM)
2. Bicubic Interpolation

Journal of Hydraulics

20(4), 2026
13



\f.¥ 6&')&0.5 9 ‘S)W'

v ilizio LS9y 9 G390 )10y s oy

solXiws 6)‘}51?)3 9 6)‘}5“""-"“-“ Slasein JS"\’.
LR E RN W oslazwl

Table 1 The hardware and software information of the
computer systems used in the study
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Int i7-
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Table 4 The point percentage acquired by each model

Model STE
HEC Subgrid ,
Ax,Ay  RAS Variaiility Classic
CF DF Hybrid  Min
50m 7393 7368 7479 7509 7511
100m 7372 73.67 7423 7413 7028
150m 7349 73.06 73.84 7356 6479
250m 726 7238 7328 67.02 4572
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Table 2 The total time required to complete simulation

[Minutes]

Model STE
HEC Subgrid .

Ax,Ay RAS Variagbility Classic

CF DF Hybrid  Min
50m 356.45 4732 516 18.4 19.13
100m 51.33 897 13.15 2.9 3.28
150m 14.88 4 5.76 1.02 1.32
250m 3.81 143 255 0.305 0.42
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Table 3 The total number of computation cells and the
average/base simulation time step [Seconds]

Model STE
HEC Subgrid .
Ax, Ay M Ras Variaiility Classic
CF DF Hybrid Min
50m 10583 4 39 3.88 4.21 3.96
100m 3119 8 7.73 7.63 8.8 8.1
150m 1565 12 11.64 11.53 14.65 12.37
250m 663 20 19.11 18.64 26.71 21.12
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Table 5 The efficiency percentage of the models

Model STE
HEC S i
ll'bgl:l(.i Classic
Ax,Ay RAS Variability
CF DF Hybrid Min
50m -179.93 32.66 29.39 58.84 58.21
100m 37.27 659 62.75 71.6 67.57
150m 6296 69.62 68.84 72.68 63.78
250m 6994 71.16 71.08 66.88 4549
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Fig. 12 The efficiency percentage of the methods against
variations in cell size.
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Fig. 14 The parallel processing impact factor in rapid
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Table 6 The time required to complete the simulation in
minutes using different processors and STE software

Parallel Sequential Parallel Sequential
6700HQ 6700HQ 14700KF 14700KF
27m 8572  241.73 28.61 83.17 27472
50m 18.4 51.84 9.95 18.73 10583

Ax, Ay Cells

100m 2.9 7.87 1.23 2.14 3119
150m  1.02 2.48 0.47 0.65 1565
250m  0.305 0.67 0.13 0.16 663
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