OSed 5 (5 900

51030kt 5 ¥ 83 s 3 39 S35 3 05T omts S U1 30

DT Al plte suge o T Ay saal el (F g gari Lis,
R.Teimourey@gau.ac.ir . 5 b e 5 SIS sl ol (T i 5 ke 3 S (5,55 (g mtils
A.Dehghani@gau.ac.ir w5 b sl 5 3,58 pke oKl ol tign 5 5k 058 sl
Meftah@QaU.aC.iF i 5 b b 5 (535U e oSty T iige 5 ol 05,8 Ll

ol sl

Rk b

04

sdalin 5w i 03 pless 5 Gt Gble & GEF R 5 0 Clls G o g8 1 5 aala

A

UiJ:("é" )" 054».@_..«‘ ‘5)jj~é sQJL»S}l Q])L».; &Ll)')l ERESEYY 390 é]al.w &L.«L;.‘: ‘5‘}.1 J:‘"’ Cjé" ULA) BL u)’h:w g

.L'Jl};@ uwﬂ g‘)‘i‘ Sl u?&rﬂ dodgs 5 e bl 8}A4..3JL;:§: SR Ol ‘;.))k:.w Gﬂt;jlxs:bs:)LAJJw L;LAQ)JJJ
QL&)’)} .>).fv ‘:l:u‘ JL‘)J[} Q‘)L} u,l.hls lej..r C)Y QL&‘JB‘UM))]M.AJBJ}]MJ.S JLLJ QLSL..:JJ)LM CJLAULAL.!

{ Formatted: Font: 12 pt

| Formatted: Font: 12 pt, Complex
Script Font: Times New Roman,

| (Complex) Persian

( Formatted: Not Highlight

5 oble 4l (Ol 5 sl w55 (e Dleenal B AS 0 SS OY s G s G2 cladds il (oMo &Z

gfﬁ)éj_,b)i:& AL;{“J))J?G 6Lhd.h}a.l.§ rl:u\ 6‘:);‘;.'57 QLE,:E;.J J.:Msj\z‘:’m)bd./\n LS.J-.’ S st CLAJ.&:.,G;J

uLn) Bt J.}'yi;.ﬂ\sg.,\,a;)\jﬂr)j S ddxle Q@J tbu‘@%'?.‘ﬁ/\:-): NG| w;)‘}mﬂ)ﬁb)}ajﬂbl LSJLLJ'

Dile s Sdaigs o anw s 5 e sIS & Bl Gl ol s ‘-Uf)'-h; Sy s el ) OMew m e iy o £ 585

ol gdmss SVsles Fsas hgs Sy, 5leslaadl L OMw B s G s led e oot sliea, STE

Al ek s oS

Sl sletla 5o GUILS L5l an pMBISTE Sl5le jmsbermmtda 5o ise anw s b ot opl 02 tla g5 5 314
sl asltags 5o Ol m EZia SIS Sz 5o e slaasls UL Do P sman s Slaasd
Sl sl b S 51 oBT e (51 4 bl (Gt tl 53 ol 00k WLl 5 528 58 S (S il adlae 3 (S S
e T ledde 53 T QU5 sl 5 4Bl el SlaaSied 0 pa3l optire sl 5 a8 S pladl S5 it g 255801
SIS 5den Sl mmstla e Jie plasil 5l ool ol a5t 3 3 5e sl Sl (s34 o s b gl elie 4 OV
st o3l wodiragmgalllaes 5 o il 5y Cons VU (6 20 5oden o) (51 Wil 55287 pulidlon Colin 1 odd SOl os Jome
el
39don (sla ol 5y st i b s 1ol ae glaaSls Sl mbrbemma ol Cs i ol anlio (o aily
Olye b Uy 1y mteobm sl Jie oLl Cgor 23Y Oloj dops Vo 500 it 530 G308 51 68T e (sl el s 0L

C,J—)_mui.il)_'eld,_:«lgw_a;&_h.i.}:,a):Lqg:,i).’l&\yl.w:y&w&mjé)l,\ilij&:jlmj LG

A.Dehghani@gau.ac.ir J st ed 5 Joegl

| Formatted: Font: 12 pt, Complex
\ Script Font: Times New Roman,
‘ (Complex) Persian, Not Highlight

{ Formatted: Not Highlight

! /[ Formatted: Not Highlight

Formatted: (Complex) Persian, Not
Highlight

Formatted: Not Highlight

Font: Times New Roman, (Complex)

\ | Formatted: Font: Complex Script
\ .| Persian, Not Highlight

( Formatted: Not Highlight



mailto:A.Dehghani@gau.ac.ir
https://orcid.org/0009-0008-9187-1640
https://orcid.org/0000-0002-5237-8975
https://orcid.org/0000-0001-8109-5336
https://orcid.org/0009-0008-9187-1640
https://orcid.org/0000-0002-5237-8975
https://orcid.org/0000-0001-8109-5336
https://orcid.org/0009-0008-9187-1640
https://orcid.org/0000-0002-5237-8975
https://orcid.org/0000-0001-8109-5336
https://orcid.org/0009-0008-9187-1640
https://orcid.org/0000-0002-5237-8975
https://orcid.org/0000-0001-8109-5336

IFAR (1) o)l (YY) s SK g Of Cbilis g iy 4 puii

3 S Oy i 4 530 ey b 510 as sla a0l ol s EalS e )3 e sl s
Olas 8IS a5 it i by 5 PT35S s Sl SlaplS s bl st sttt Sladde (550 5 3
o Sl i e ) 5305 oty 5S35 5 gl 5 038 Dlaboms 3515 (5 S sl csbim Sl e pladl g o3V
Ol o bl ol a8 ails dal 2t ol o o coedeem: sl e plasl Oley S 28l Llie 5o 1) Pl 5 6 gl 1t
Ao a A lie odamy S5 5 olST eae sls 4K 5 iz aygmgalllans ) 5o dilive (g5 W dugr o b 2 S an
035 Jos J53 JB 235 L 53 0les Jsb 5> e gy 5 Ol G DS o5 Sl 03 ey S5 51 ST e sl
LS 5 Ol o e g ) Gl 5 OV gy T R L (et (OO e R L e 6Lz
Al ol Jow Sl

LS s Tt L Je s e (I e Gl 53 G s s G Sl s 16 S 4o
T ladie Sl omlia DIl WIS e 5 35 las 8 arlie 283 5l o suigy s TR Led e plesl g 03Y Ol
3 TR Bl o g 2550 Gble Sm s T e pasiis 4 aSd Gl Sl eliad 45 A3l OBl e
55 Al S Jle s Gl Sl RIS 5 st e 3 Gl el e 4o

Gt e oS ol DYalne ks (S5 51 0T s SLaaSid (B e R Lol (gl (oo

mr Sl s et Ol eipl s
Supde 4 gl cpl dles S sl 31 e
5k e 53 Gble Eamemd pa als Ol
(rlply S s Sb s S ol Al
Slp ay sbda S0 5wy
ﬁ:—tﬂ Ol o Sl ot sledde
a3 5 planl S sl B S
5 e slaplls Bl Ol e oS ol b
5Bl (:"‘)’.' by 5 el L= sl o5l
o g8 Oles 5o A s g St s o
S S Ll - ae (gadane YL 5 OIS
Ll Sz s s Bl sk cp e (S 400
el Sl Sllst 5y, caes 3l ok STy cls
KA Gy il el
5 A (O 4 Bl e S s
Lol 5 5 T @ 5L o O 585 Ol sla St
el GRS SOl ol Sl el 5ty s

STE il 5

EVRT
IS e me Seg s T L
Shlas Jalf 5 Sw)y Copte glalnl (e
PP T RO e e
ol s S ke dact b e
Dl 5 el i 4 a5 Ll il L)
Coenl (O glaslug, oals 5 Sl
Lokdy onl mm 5 G TRl
e R L s e s e S
G @bt e e e R

6\/.;&)1&3“0\ w‘;a“%%éjy)ﬁ;\ﬂwiébtn

Ol Olos 3 LS el (8 Slas sl
O, Ky s 3l polie sbcsloyy >k
G b slungy S G Bl Sl Sl b
e e > 8 ASe SWS ble oLl
s lony axg Lesls 5 Wl I3 gy
Sleesls (loylsale 5 olas dile ad iy (slacs,ld
S Gl s ledss sl S e



s Bl el els DL Gl il Llals
SVsles 5l webe A e [ =5 o
N s bes—j—retr et mE b s esle
Sl 5 trmmlo et 5 Sales
O S eS a5 ke las 5 Tl e ng
) sl 5m
Jm ol o e (VWY) a5 BLG
A b GRS Of OWslae ws g3de
Sl kb s Gl s ety s ol
tag Ll 3 Greaies S O DVl g3de -
ot Ll 5 48 813 Gemmeamme 22054 red

OF gy 5 bl cV¥slee ol sae J=
(V)wlwﬁ)l}w)j)mw:)y
DAl oy slheay (VYY) 0L 5 e

Ol S s e M w3540
iz 3 SsSes Ghls s Ly el daolal
e D3 Sl Sl BB S omen 5 Lg
355 Do m e R L e b oS S
ATl 5 i eststenll 5 ek e 2l &
d gady 5 FoE S e b oY bl bl
Slos S Slallas sl (ol sl 53 bl B3
(St gladde 5 sl bl
o 2250 9 WL 6ol e s S5
Sty 5 bdde o wE e 515 o
O gy I e el g S5 e
s oadls oS Slalee L oS 03y Sosda e
Loy S Slabwe oo ) @by Ol

mlan 5 0B S ey e b S

§ [Formatted: Not Highlight

o Bl (O bR led e g 03N 0L
ol o3 Liles S pile (5 8L Calise o iy oz
93 B aies,S Ol S¥slas aiws (S3ds o G
sl el Joe 8 S
Sl oedle 5L slaiys 5l cl B8 15
Spdoee Jols asy SWolee 3 sy oKL
sygmaslinals, s Sl iay 5 S il adS eslizad
B Faman ras SASD G ) s wstisd
e geas a5l ealinl Gudd ol 5ol
Sl b LaSes ol sl 0ls Jseme Ll L
5 dee S iRl 4 B e
Ormes Kl gl bR ledde 4 Ol s e

A 5l esliad cad esls Ol G opl @l

S oY Ol Wlse el 5L sl
(F) das als ) O s sled e

slaisy 3l eslazad L (YY) 0L 5 OLS

S A L gean as S G (5500
T T e
F_Qw(,S ;.j CVslae ats baw g (6,68 adkn

S Oy G ol bl Sl e atls G

J._‘..»: g .M‘}Idu E) abj,:;' )\J)‘,P.-ﬂ J}Uﬁd N

’ s & sl 0ly 3 s B LI, Ko 8
3 o alie 4 o3 (Y1) OLiSas 5
Salud) Greies,S g gs SVsles s 4
5 (e ol o ) G iSO (Jols
Gais ol s Klaztls a3 G S WAL T

Mﬁwﬁv\fﬁr‘ﬂ‘dv\iwﬁf«wuﬂd‘ﬂ

el ol et gl Bae S 0 Juke
Doy O3piss zye Jdo o Sl 0L Gkl ol s
s 3k e ladde pladl 6l 1 6 At Sl
G el B Je e 0
Slr Il o3 Goid cpl 53 e e S e
LS e e ol Ol il 3 S b0l -
SYsles 5 0350 oo JolS Solus Vsles >
G i ledle 4 0 wiwsbmaLiesle

Q) Wz gs Gl 558 0L~
s gl amlis 4 (V) iy KWL s
Lo ol 8 L Geeies S ol Dol
(oS Sanlys) Groiios oS ENsler o -

G oI o ARLLST gladis s

_ {Formatted: Not Highlight

_ [Formatted: Not Highlight

{ Formatted: Not Highlight




IFAR (1) o)l (YY) s SK g Of Cbilis g iy 4 puii

GaaSs 33 ey 4 (V) UL s 5 Ky

OB Tty e TR me A

Ol SVolee s = gl antpel Kb as
= S G iies oS
2 5l pel S e laaSd 5l 0L oS
5 dmea la, e ol o b aslie 5 VL Sl
e sl Sl FEFE S8 e LGS

W) 25 e Sy

DY s 0 O Gad Blpe w2

o @l sy e

szl | ilose clailiss, 5 sdate Slidd ol
Jlgle s s Ladn 5 (SIssder (o2 sla gt
s YL s b e g8 Ol e Ll S Je
e 5 O e Sty g il s
5 Slabes oy Jhaml glacanl 5 ol
laesls Sl eslinal b1, o3V sopstem s s sled e
el

SO o St il s s
Obr Dl 5 Ol S ke 53 a3 ol 4 5 o0l
ﬁ\pu{u_-):l{}uu;f,xs&“srvdu}
oo ol el glaaas ps e ;_j Ol s LS
bl P Tl st s e
b f g e IS pll GoeS ol 3 1A s
geE—yskhea STE il s gdnss i
Sheslinad b O w5 G5 ot ld s
ol Gauss SVl 5 e e gl iy,

o= el

R o

SVslae 5| (slas gazes &S Wlodd alid Greias oS
2 S L) i Dlide b s le Jedl i
0L a8 ol (23 o 35 88 0 )3 &y 50
ol S o 5 ) b S o SR Lo
53 0dd (S U1 Kl 8 gl s Nslas 5 ¥l

St Ghble 3 Jow Tt Gl S
33 230 el ol & el 033 DL S 5 03
0) das & O 3 28 e a1y oYL

SR T s (V21Y) O Kes 5 tale
b Ssd kS 4 plBl o ae ae slaeSis 2
e 03 e ot TR s el
03 S Cily S DVl betalal y Sley K
Segd s S (el G el s A
i SVslan s (5348 Jo b 3l ealinal L £t ol
3 el 03l OLES ls 5 sEpta A Se bl 3
I el S e e sl
S Sl s et Jpene pean s el
() dzes ol O o

SlasSs oD ey (YoTY) OLSes 5 (o ks
bowe S wtal Kb s e
Wsles atwd by s e L g land
B R L= S95 WVU KPP JURCI LRI
e slml G fl";" Shocas sl ailisg,
S T R I
Gl il 035 (35 Ole L3 pm ey ST o w
g5 o Gl b GleS el il G
Jm sl b bl sl Ol te lad e
sl s, 03 S0 el AL
V) 55 &) soirwskinorta Lo lizul

Ry B s 9 dge
Sl Ol e sl sk e
aS A_;T‘Yé\_au Toe T A 95 < B A...T_;j..p‘\.; f]a..—t

Lot S e 3 e i 2,
Vsl e 5l s L5 e JUNL S P
Sl o¥slan arws oL Ly 5 s oS gral szt U

) [Formatted: Not Highlight




oh  0q. 94, _ (

o Tay 0 Y)
04, ah+2) gntllgllg. (
ac TIh 5, P )
aq, a(h+2z) gnliqllg, (
T A T T/ ?)

g..lﬁb‘j.u—vSui OYslae @ws (gsde >

e 31 585 e (Bl ulde oS Jail 3 55 (e
PP SV (U EY VPR W P W G‘J,‘ig:\_,w‘ il (65 5as
S e sazma o ) s st maslitals ) e
S ol s TR A 53 G ies S o S¥sle

\ ot 5 .
Jm ol gt JolE S, 4 dowe sl

Al o VB Ve Ly o o

U ol p"ﬂ Gl 53 e dyse DY¥slee
el VIS e o (slae B 5 Lol 5 (suasld
dolss b IS8 Jlatee pladhe Sl ol s 550

J,i.dck_d)a,ﬂ)qu)!msﬁy?‘y,?‘x

tslws Jsho pSS1 53 (o0 Aty o (o e

o 99x %=0 M
at  ox 0dy
0q, | 0(uqy)  0(vqy) ah+z) ()
at T Tox Ty T9hT o
gntliqliq,
s 0
a (v a(u d(h+z
&+(qy)+(qy)+gh( ) ™
. | at dy 0x dy
- gn*liqllq, 0
h7/3 -

S
1—2,]

,,,,,,,,,,, | R
' 1
q q ;
-5 —> L -+ Tij+5 '
h;; .

,,,,,,,,,,, \
j [ g
i 1. :
5 q”?f i Ax

A . . .
SLas g o Jo 53 odd eslitul (eSS lea—\ Jse
A

UT Sesh b v 5 DLt Y B Y Ly, s &S

X S 5> oo A1y 5o 0L 3 QxS e

Y g s os Al s 0L = Ay«

] ‘1’)‘.’)‘ Jibu" Ls‘L“:’) dy 59x )'3;1 32 MUHQH

 — p —

g 2050 S5 51 o8T as
Figure 1. The staggered grid used in the numerical scheme
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Abstract

Background and objectives: Floods cause significant damage to urban and rural areas. Rapid

analysis and visualization of floodplains during a flood event are essential for identifying threatened
areas and assessing potential damages. One of the most critical aspects of rapid flood modeling is the
ability to accurately and promptly predict areas at risk. These predictions can warn authorities and
residents in vulnerable areas, allowing for timely measures to reduce casualties and financial losses.
During a flood, having precise and fast models helps officials make better decisions regarding rescue
operations, evacuation, and resource allocation. Extensive research has been conducted on flood
modeling, and numerous hydraulic, hydrological, and empirical models have been developed and
reviewed. Despite numerous studies, there is still no software or model capable of rapid flood
modeling during a flood event. Therefore, this research aims to develop the 2D module of the STE
software to achieve accurate and rapid flood modeling using artificial intelligence methods and 2D
shallow water equations.

Materials and methods: In this study, the 2D module of the STE software was developed to evaluate
the capabilities of two different architectures of Perceptron artificial neural networks, named physics-
aware neural networks, in rapid flood modeling in the Eudlo Creek, located in the Sunshine Coast
region of Queensland, Australia. The physics-aware neural networks were trained using a genetic
algorithm. To test the trained networks and evaluate their ability for rapid flood modeling, their results
were compared with those obtained from the finite difference numerical solution. The flood
hydrograph used for modeling was obtained from the Australian Bureau of Meteorology for the
upstream hydrometric station of the studied river.

Results: The comparison of results obtained from physics-aware neural networks (PANNS) with those
from the finite difference method showed that PANNS can reduce the time required for modeling by
50 to 70 percent while maintaining significant accuracy and stability. Increasing the beta parameter in
both neural networks enhanced the modeling speed but reduced accuracy. Complex PANNSs preserved
higher levels of accuracy and stability, especially with larger time steps and higher beta values,
resulting in less computational error and outcomes closer to the numerical solution. Increasing the beta
parameter significantly increased errors while slightly reducing the modeling completion time. Hence,
the optimal beta value for the study area and complex PANNs was determined to be 8. Complex
PANNSs also demonstrated acceptable accuracy in depicting changes in flow depth and floodplain over
time, making them suitable for rapid flood modeling, floodplain mapping, identifying threatened areas,
crisis management, and reducing flood damage.

Conclusion: The Al methods examined in this study demonstrated the ability to increase modeling
speed and reduce the time required for flood modeling and floodplain mapping while maintaining
adequate accuracy. These methods can serve as effective tools for rapid flood modeling, enabling
quicker identification of flood-prone areas, timely notifications, and evacuations of at-risk regions,
thereby helping to save lives and reduce financial losses.

Keywords: Rapid Flood Modeling, Physics-Aware Neural Networks, Shallow Water Equations, STE
Softwatre.
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