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Extended Abstract

Introduction and Objective: The correct estimation of flood flow in rivers is an important issue
and plays a significant role in the optimal use of water resources, operation of dam reservoirs, and
the design and planning of water projects.

Material and Methods: In this research, a simple and conceptual method based on Manning's
formula in real flow conditions is used to estimate the flood flow discharge. In this method, firstly,
for the combined effect of friction slope and Manning's roughness coefficient, the alpha parameter
(o)) was defined and calculated for 12 hydrometric stations located in three main rivers of Golestan
province (including Gorganrood, Atrak, and Qarasoo).

Results: The results showed that the value of this parameter decreases continuously with the
increase of the flow depth and finally asymptotically reaches a constant value. This behavior
shows that the value of a is nearly constant for the upper flow depths which indicate the
occurrence of floods, and hence using this constant value and the Manning formula, the river
flood discharge can be estimated. In the next step, we tried to provide a regression model between
the Alpha parameter and the flow depth. The regression modeling results showed that for most of
the hydrometric stations, the coefficients of determination (R?) of the presented equations are
smaller than 0.3 which demonstrates its low efficiency. For this reason, machine learning models
were used and the parameter was modeled by the Artificial Neural Networks (ANN), Decision
Tree (M5tree), and Support Vector Regression (SVR) models.

Conclusion: The modeling results showed that the decision tree model with a mean absolute error
of 0.35, determination coefficient of 0.88, and root mean square error of 0.86 has the best accuracy
in the test phase. After determining the parameter o, the amount of flood discharge was predicted.
The best performance among the models was the decision tree in predicting the flow rate in rivers.
After comparing the observed values, the decision tree model has an average absolute error of
1.32, a determination coefficient of 0.89, and an average square root error of 63. 3. It has the best
accuracy in the test phase.

Keywords: Flood Discharge, Manning Roughness Coefficient, Machine Learning Models,
Regression Model


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

WY VEY i) VA ojles /o2 las Jlo sl 09> o e doliiinghs W
S5l oo @i 5 (55,98 gl B>

1] 9)-’ 41&0"

o Sl oawlo (6550L Jse g ol SWg b w1 (S oy, A1)
Laildg, W 2

F iR donl el 5 76y dnbiod (55t LS Jlane ¢ (gl pend cabold

Ol )5 orebo glio 5 (558" pole olSily o ol slmojlus 48] sli IS (g5l -
(zahiri.areza@gmail.com :Jygue oaim95) )lyl (55 (o golio 5 (659l pole olKuils ] wdins 09,5 HLutils =Y
Ol ey oSty (T i 9,5 skl Y
Ol B Lok o 5 (55yoliS pole olRuzils ol pwdige 09,5 Sliel ¥
VEVINIY tGhpdy o, VNN :cdl s )b
WY B VY- cado

by 04,52

5 s (e Sl sl e ol qabie Sl Al o0litol 1> (295 bB B 5 0351 (soqe Egoge alEg) 10 M 2 (o e (o5 oo
S oo sl o (slaofg s00l 5 P 3

ol 04 olitwl by (8ly byl cou Kiile dolre (bl cogee g ool gy Sl coMwo (23 (ppo5d sl Guios ol :Lh"::s) 9 b',«o
csliol B39, s )3 aly (5 520940 o] VY (el g 0 iy po5 (1) W1 20y «Siilo (5 0) eyl 5 6551 s I8 5 (sl ol ¢ gy ol 2
b dualro (o) 9 S il e0955,5" Jold) ldS” il

5 el sy o s o (S, & L5 ilore 5 ygmty el 13 g 4Bl LS Sl ar Ll L st ol e oS ol L gl Hbaidly
oles i 5 ol 35 gl 5 oMl b g 00 o @ e cd Bl o M 585 Sl &S W3g, )3 ol 2j clbGas say &5 Wm0 Lt
il re s 25 @) S S sy Sl Bos 5 bl cal o 1D s gm0 3500 359050 1) gy s (9 e «Sisle
Orandy S p5Y DS Gl 5 039 /Y 5l S8 00 &l Laly) (R?) (ol s s R0y (sloolSinnal I (gl & 3 (LS g S
JANN) o 8 (slo o S5y @ sl pbiio () & s o3l yile (6,530 sl S 3 i <35 5 S L b5l cul e sl I
A5 (g Jde (SVR) (Sgmw)Sy oy il 5 (MSEree) puouas ¢y

2 IR Slaye yia Sk slas 5 /AN (s o s /YD Gllao gl ko b prenad 8 )3 Jde a8 3 (LS (gjl Jde s 106 S ASe
2 o £33 ) e o )3 3,Skes (e 038 i e (23 e @t el e 3l a Ao Lo 1y € it gl Al ye
5 M cpand o 15 MYY allao sllad 1SSl b paenad <850 o o Slialiio polio b duwlio jI s a5 g L)y ailidg, o bys (00 i
abe LI 1y B o g el Al yo )3 YIEY Glaype Hla 5k (sl

Odle 650l Je gm Sy o « Sisle (325 cupd M (25 36015 (s]lg

9 e slp Gerily 5 GaeobS ot lp abypdn
gl GRSl Gada (SKiderhes By S
e Sopde Oloj (gt (Jlo ol bl 48 )5 1,8 45T
lop g ol bbb bg conle Jd> @ ol g8y (S
Mow S ol sl Jso ¢l pls .l o2 Luslio!
Jols g 0390 Juw by (25 slaodly Laisee Bies jg el
(Lohani etal., 2014) uisb o alsee sads edlw s,
ol ‘“‘"9? ol L8, 5 (S50 Lgl.b.))gj)é SilwJde lp
se dalp gladie wile ol SiSS ) nJse
Yoleo 3l ozl b 1) 3ol adss Sy alsg, el )
S Gl Sl S S aes b S
(WS (o Siloand WpSie B3 1) (g
9 M o oy |y pite o Lallg)) e 031> la e
29 4 (Supd sl d 38> Sy e 1) baisdg)
Al Sawaf & Kawanisi, 2020;) sad . bls)l
(o2l o Bolal e < 025 {Bjerklie et al., 2003
(EL Bilali et al., 2020) 5 ;oo 38 (ox5 5 5 4iooss
9 Ol S il (S 0jlul 4l 4 295 L
o (g3ast0 cMSto b Inails gy cilises (glaojly ) lows
oy @lee sbadby (Yob gl (Sl ol

EVXER)
el (S boMw (b b ke
S5 4 0dyiS ol cel & Miwn oddl claony
oolazdl — eloin] piwaw g (65,liS il oyl
o 5 ol Sl oty 3 (o Jls )3 g o dnole
oS Kilods anlge (o3b; Olyuss b sl (oo S
Slsis g 5,0 o fuw ile (i dl.mbﬁ) 4 e
sl 5l gyloms ol s slaolyg) (ol £58 (Cuwl 0
Kisi et al., ) 545 0 5 (sdlail Sl3 o cel g ad)S 1,
Lol p 6lBgy gy (23 385 3y9lp (plply (2022
sl gygpe Sl opl (B 5 pSel sl (2w
Lulyd )3 oy 4 g 6lg) bz (23 by rored
(o8l eloinl Gldles Gl gl lp oM
—olal byl el ) b g (Soolgrien
Jlow I cblis (oMo glacuds )5 s sabaiyg
03B 3l sl e ol plie jl angy odlitwl dagilsog,

el Sl ol Sojn shyalp g 2Lk jo g e
Sl @b Coenl I O (2> e glae
it lygh W @by Copde g kS o))
s lagplil Sl 4 38 5 68 cliinuiy


https://creativecommons.org/licenses/by-nc/4.0/?ref=chooser-v1
https://www.openaccessjournals.com/
http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

S taslpel g (ym dustion (s Lo e ((g5lyu aobld

Wy aslidg; CMew (23 ot @l omdle 3k Jas 5 lr Sdgpd p e (b9 )]

(850l cud Hlase (0 s by cwl oljen Cuslad pae
79 S s by, gade dwsin )3 &5 Cunl (s
38l o B Gloj &) s o by (0

Lt Codo oyl ghls (jommoodly (gl Jis) pod dtwd
$xb @bly Gl (S e b oawlie oS
sl opl & ail e Wodly o csesily Jlej (sla Sl
Cosl 0dd w29y by (23 355 Slagnphn @ e
S guan omac baSus sl Jis (Yassinetal., 2021)
shiukhy &) (M5Tree) wuouas <i,0 (ANN)
o> 51 (SVR) s )S) sy ouiile 9 (Mousavi, 2019
@ 35 Sl Slglp 4 & il s yemendls (sla e
Srinivasan, ) xlais,5 1,8 oslatwl 5yg0 aslddg, b
VY clale b a8 cal odly ol @ldllas (2008
2 1y edlatwl oy i )8 3y50 OF L SVR Juo ¥+ 44
s ot 35 oe Joo il ol
Bjerklie ) Is» 5 I (g5l Jae (Tarpanelli et al., 2013)
etal., 2003; Hasanpour Kashani et al., 2015; Zahiri
Cook ) cunl awsly Ol pdaw 315 i o (et al., 2012
& Merwade, 2009; Demir & Kisi, 2016; Goel et
by 29 o e (Vo)) oK 5 4> .(al., 2005
S 3509y b 850 g il ©yg0 93 & latilhdg) )
o pd pSiles oS o ol il wiasl y adllas & was
2lo b dulio ) (egtan (ae sbbasSid o lad sl
Sahu et al., ) caol o5 pglie yobds jozme 03l (sla Juao
Iy hds ogy (VoY) ohlKen ¢ 485dS0s)] (2011
&9 5 2 omd Sy syt s 5 eVl pelul
Sl i Ll Lo &) ailog, » by Ce
o Sl Gos 3l (1 Glsisa [ Cambge 5 ol o pu
Olsh® 2,18 Jdsar (9,51 (bg) 45 2 (LS gl 0,8
SxSoilul sbahey lp (wlie (230l ly) 5)bre 5
Ardiclioglu et al., ) cwl by (Sdoyad syl )l
i jl sslizal b (YoVV) o Kor 5 Losel, (2012
P LSSl G cerd (Sdorem (s
015 )| gl 51 (S ypgeai Nidges i QUly) (gilodend
L ade SO gaw ) by dnsbre glp &5 0 ol
GV polie 4 ( Suoludgylun (go0e sla Jue jl oolanl
ol L3 3550 Jgene polie 4y s Sisle (6 32j o o ]
(Sanz-Ramos et al., 2021)

dlms (ogas 385 Sl Sla S & 5
2 385 cnl ) )l 3529 Laling) 1> M b (2
g ol yiehl o (V) ()lKen 5 938 ol ol
sl Jie 0 2550 slacusbhd pae yuals 4l () ogpie
ailesg) 53 OMow ol (2 e b badpe (S5
2 &ly Syegan oSl VY 53 ol )8y g oad byea
Corato et al., ) cuwl 48,5 )13 cwyp dyg0 lewdS ol
SBhaol b (655l cud Cond g0 iel)hy () (2014
(EP A g 0D iy Wl2g) Sisle (o) cupd 4 ol
@ 2 Wl 3155 9 (Sg)ied wae it 93 (nl Colad pae
B e yially S 53 1) OV 589 ploj ) kg, (b
sito b 0 yiell odomy LUl plo g (ololid bloioe

sy Kaly 51wl sl daslge o gy Sojlul 135 dlsay
590 odlil bailedg, oMuw (23 3y5lp (slp pakiane put
Owed 4 (Mosavi et al., 2018; Rokoni et al., 2022)
ol @ ot ol (it sl ol U
315 3529 (M 585 (o ) o) (Bly loj 5> WSy,
awd 93 & ol e |y o e oyl [(Bashirgonbad, 2022)
oo 35 s Typmeodls g Vygmert] 3 cloJus
2 W39y Ol (o calins Su5d e b ypmasia] B
oS Sopbdas b Sojd Yol jl oslizal L1y ades
WpS o o 3 1y (Slgyin Sy il sl
Wlgs o yezeoly (sla Jdo aS Sl 3 S o (gl
280 Sy e |y Iy 649 5 15,50 0L 1, lb)tilnoﬁ{agb)
Al Sawaf & ) 1z bls)l (e 4 (Sojud slosial 3 51
obe I (Kawanisi, 2020; Bjerklie et al., 2003
Sl )5 518 odlatul 3)90 (9iSL A jemesily (sla b,
Braca, ) Jib- e 5l boge () slaghy)
2008; Hasanpour Kashani et al., 2015; Zahiri et al.,
M 1 e B39, ye glaie () paiis (o (2012
Cook & ) Sile Jgoyd SaS" 4y Jow (02 duolro o
Merwade, 2009; Demir & Kisi, 2016; Goel et al.,
POk e cs po el sl ) 5l eslazal (g (2005
Al Sawaf & Kawanisi, 2020;) Jw b;
2955 695 jl eslizwl (> (Moramarco & Singh, 2008
Abril & Knight, 2004; Choo et al., 2012; Huai et )
G\ g dagd by sla Jso 5l eslatul (o (al., 2009
o Ll b8 ... o (Abril & Knight, 2004; Hu etal., 2010)
2 eyl glagby)) bbsy cul jl (pan 5 s
S0 Bk 1wl aslge Jlgld slacodgise b Jos
Sojls (o U gz slagsbyy) yomedinld sladie il dnngs
9 Sdotd lagel)l 3)90 )3 Bres eSS 5 U
Cul o (0135 55l (ille A8y 9 0392 (SuTgglgyn
b Jse cpl el yuizen (Lee & Georgakakos, 1996)
silisee slacuslad pac b aaildg) M (05 duwls
$lg) ghate dwtin (f 5l cod « Sislo (60 upd Jo
Ol adaw 5l e Clogue 4 dogi b diius aslge L g
P gl i pae (23 Ly O loj > By,
3 (L uabad pas ) g o0 Wilhsg) (o2 glade JSU3
5 glacuadss pie bl b gas aich o glais dwiin
O3S 53 5 035 e 55l ced 9 Sile (625 s ]
Sile (6p5 cupd A HIE 50 Aoy, w20
2 Olyes ol sl Sl 5 Slej clyuss gl alsag,
O] s dsoloxa 5 039 455 b Vgano 15 s loj
29 (b 3 el (SmnppE Mae Mo 489 (b )3 o
ol S s 5 O o 15 Gl o oM
Oielyd 9 ()Kguy b aAlgy (o) iy (p U5 5
@ a2 b (romen WS (0 i (S upd g 0k d2lge
 alagy SLbl glacids & (Moo gl o35 o)y
S NS oo g Sl ) cups W g5y (o)
S 385 3Pl o (sl Al o )lgdd S nl e
b g 5lgdd Wl s o8 28l o (38T OMew £989 (lej 5

1-Noncontact techniques

2-Process-Based 3- Data driven


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

VY

Sl sanlyel 5 (£ dpdiox (6l Lo e (gl acbls

VeV liaej /YA 0)loss /o2 )lo> Jlo ),.>u| 0jg> Cu ypdo doliiangly

oS OL’;.....»‘ J)|9 uJLo.w OLJ)& Ot’w] 5! &g, ‘_'):{‘ Ll
iglsS S ol Sl el it ST w09, 09
el oYU 35 5 S 5 Jlod a3 (slag ]
G 35 w35y ol sl (S o 5 JSLT (JSYI)
4 (A2 P JB Ohlud Mo gy )3 5 Conl (2w 1255
S)lg QlwieS 5 g olnl )9S 93y SLEI (slaojl 5 ()
w5 ol glie o ptere Sl (o 35 gwo ) W) 9 00
olle glgl iS5 oses JS1e ) g 0392 (55 gl oS
@l scunl JUS g )98 quas b cdolS” julis Sl
398 slacwe; )bl 9 05 e (Saeldl O (peals
alisl Gy, copl ol sl I (S g5y 0 565 S
2 Jold) (Sdgyan slaosly 3l adlles pl 55 sl onis
W (8l (poye ghis dwsin  Ges oy by
s Slp B39y ¥l prne 53 &Bly (s pteg)ded ol
Camdae VS5 0 Cuol oad oolatwl (olids b
Gl 3 olial )90 (gteg)hn slaoliul g baailis,
dy90 (& ypogydad (ol .l oud odly i Budzs
o3 (S ST alag)  Bly) g p il 9 Ol Jols adllas
OWLo £l g pSedgiun (I3 S Sl aS (L3 2>
o (295 9 b8 dale)S 3955, wlsag; 2 Bly)

bl (guo)8 Wl2g) 2 &Bly) Jogi

Atrak River

Wl3gy, oM 5 b Lules 5 o pdaw 5 Jte csloolus
Sl pgate ol & el inghy cpl (o 308 5 )9l
Sl 555 Sa)S) sladse jl olB) oby ole

Lol 045 ooliwl Omile (6550

W sbg, 9 dlge

& Wiko adlaio
2 iy yiogS YY v v dodn nluo b liadS il
B> A g ax D YAL addo Ve g p V2 Ll oy
5 40 OF U addd AV 5 a3 OV plélss Job 5  Jloid
w0 el bl pl sl oad &8ly b adds VY
2955w wlagy ¥l oyl Gl &S cunl slaslsas,
.)9!.)‘5; 43‘.5.)9) Cw) Lg).\.m.u u:.,o.ml ‘_5‘)‘.) 9490).6 9 kS)S]
ol gl s )d V¥ dgis ¢yl s 5l as ) ¥V g0 L
daw ¥ gl 095 e 0 ailBdg) cpl WS o el 1y Ll
Sl 013)0liS” 1 sl S (30l e 9 0392 w0 (S50
ol 136 ehlus g DM Jlate ) ailisgy ol il e
S8 slaerMow 2583 Al Ly 5 035 g ot
)y il & (g2 B Cllud @by, ul )3 S5 g
L Syt jyo 9 L Jdoas 35 Sl albog, g oo
d)L.,m.g Caod dl)b 9 00y Lsu‘*”&)"’ 4515)5) ¢OLL...J.QS)3

Number Station

1

Chat

2

Dashliborun /

Gorganrood River

Number Station
3 Tamer

. 4 Hajighooshan
Oaresoo River [] Gonbad

Number Station 6 Arazkooseh

10 r 7 Qazagli

11 Qarnabad 3 Gorgan Dam

12 Nomal Dam 9 Bagh Salian

adllas 5)50 (5 yiog)dun aolin] g Laeilsng) Cupndge =) S
Figure 1. Location of studied rivers and hydrometric stations

g jl5 o9 pslae b g 03 Ol a5 b (Sdgyae
L g (G5 gied) g olKiwd SSa) Jow oo o
o 3 o) il o sl B S5kt (s el >
2 e g8y Al 3N 5 St el 93 (e &
2 Culasd pie i olyer (glossie EMSU b ailsdg,
el bl 59 ol sl el B 3 ol o S,
OYolee el 35 g Jgeyd opl 38 &S canl e
e Sl bl (gm0 5 (s S (Sgyi
dalgn Cudgime b (Culi—gigud 5 Coly o &Yolee o)

Do

St 9 (0
bily) cpyere J o () dal) Sisle Jge b
5 Gy Ao )d (glod S 2yl &S sl (S
D) asliagy o U by o0
\/g 23

5 Sakp glad « Sle () copd Nl colus
ol bl 53 el (S80cl i b (5551 b5 s S
ged g by Colue (398 Jge)f > 2pd e odlitul


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

S e lpel § (6ym duddion (s Lo e (gl dabld

W loailedg) Mo (23 o sl mile 6253k Jaa g b Sdg)den (e (b9 )

3 Lol g god 013 by Ges il blie > Wl o ps
@ ol W coys Olpss K9y b yis b o] o)
Amont des Gorges oKiws| )d .ol sy ol Hlade
Ly 5 0395 odalie B (355 ) 015 o)Ll W9, (S jobosy
adl )l gy (b Bes o Wl cuyo n gy &2
pis & ol cpl )3 Cilre g2y i &S o0 Hlaiay
st D950 bgye (2 (Vb Goe (slaodls & oy
905 bl ylg o olSius! ) ung Olyss gy g S
Sgred (sl el )l Sgls b b po Ylets] Ol poss oyl o8

Lol 43[&)9) 33 ULU\O}J‘)} L ]4»;).0 ol Uyguods g
b il o bl e b Gee pLIE L
Cawl 32855yl Juol a0l s ol 8l p 8 ol Sl
695 g o 55 . Cauwl 48,5 )18 Ly y D50 daldl jo &S
Gos S1aS canl oyl canl cdlyy LBY JS5 5l a8 6,50
Candg jSl) 29) yl 6 (pasuie jlide S jl &g, (b >
0l S5 ol Hlade S s Lo, o yiel )l o] o o Muse
b (v S5 b gl Ges) (Bl e @ Cuns
SeS 4y Gl Mo bulpd @ ol gl el oy
ged 5 Ol colue (g poles b 1o 5 (V) i,

Febly g St pel)ly 93 3L L (YY) () g 551,98
W50 Oymo ¥ odlaly Cjsods |, O
Q=a(h)AR™ (v)
plg <dls sl ah) el b oo (§gb by
wldio g o 435 5lai)s Sisle 605 cupd 9 (55l o
g 315 3 b Slsiea (Syyien gled 5 cle
D9 5808 dayly pl 38 Cocdl sl odid (820 O
SaSay s 5145 gy gbay sl Kl Jgo b ay o ]
L>L.J)1 ¢)L'ﬁ>)9o d[mddl&bg) )'l u_,bwo dhd)ﬁfo)‘]x’l
2 ot 6By Ol s Sl g 0 bl o el
23 pd cnl sl oSl 505 by O £989 (o
@ Ol @4 g 035 pue (Soludy el O aw I
2 el 0,50y BB ilize o ) Gy by
Wlog) ¥ ) by Bes o Copnd O el Slpis ¥ S5
&S a3 o ol Jlainyge IS5 Ll ol 0aly lis calises
oy Ol gl ove walllas 350 oKl ¥ 51 Ly a8
5 Fera Chavel) oKl Y (sl by ges Jolie ,o W]
Ges LBl b S cul gug, lyls (Ponte Nuovo
@ baled 5 a8l el uguoe o Wl oy ol
Roscian0 olKiw] (gly dwy o ol boydr lide S
Al g 0395 39290 (L o5 Bes 4 by slaodls

6 o T T L S —
(a) +  Rosciano
=gt Ponte Nuovo i
g;“” *  Amont des Gorges
E Fer a Cheval
—_— 2 | Tk * |
8 *
e
§§3; PR R S SR |
i & ST T N E
0 1 2 3 4 5 6

b [m]

(YN (ohlSan g 931)8) Wl ,guiS” 3 cilisee aildg, sl (sl 0N oo -¥ S5
Figure 2. a-h Curves for four different rivers in Italy (Corato et al., 2014)

sobay load (b (Sigden (mas Johe Clogas
plaS o aS” Wigds o 03y J olae3gyg 3l (glewd (I
039 % (89939 P s (63503 (swas Jobo (293 Bpn
oo 93980 0 p6 Cal Jlail 0538 Sl o8 bl
g B 2335 (oo zer ;030 50055 slsdg)g (ol 4en
ol 1y (Joo ¥ S8 aled ome |y (emas Jol S48
E95 ) de Cuwl 0l 03> drwgy il pl b &S dad o
Ly psle ol Gobol o Ll don Loy aSd clasSl 5o
0oy ol oS Jalye plas Ry ool o leads salgs

85 Oygo e ljdle 5

Omile (6 53L (s ]e

@ S @ bl Olpsi (2L )8 gl ol
g5 b unl o3 Sguw)Sy sloJae jleslil )b > 3o
Ol omile (650L (sla Jae cunlio cullls g L) @
Jae ¥ 5l Gudios opl )3 el (slapuite (ol S,
o) 05 03lesw] ML" d)ﬁfblg.
(ANN) (£ guan (mas 5BaSud

ol (pible (6353L slabg) 5l (SO (mas slaaSid
b pd g (S lpell e 5 il ]ae lp &S
s jglateds aSid ol 2pS e )8 edlitul )50


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

VO

—yk
n=2=y Wiy + 6

SlBY donl ol 5 (6 Ao 5y Lo e (g3l acbls

VeV liaej /YA 0)loss /o2 )lo> Jlo ),.>u| 059> Cu e dolidiangy

Y1=ga=g(2;(=1 WX + 9()

Wi
X1 B
Wy /" \\
x2 . ‘\ z //”
Wi
0

>
>

L)
)

:C‘)

Souas ac bl jl e S -V S
Figure 3. An example of artificial neural networks

as o 93 ¢ B350 Jde S il ( (MSgS Jla sl i
:(Pham et al., 2018) &S o (b 1) ) ol

(DT S sbw) wisy als o —call

bl dlsye cpl )3 id ) (35 e depe o
L;Lmbusl.\ﬁu:;alflisuo)mqMsamdlﬂ)lm}
Sl golsl p 0)S pa p3 s 9 o (6 menad ()]
ol dpolee JB ¥ dayly & ygods a5L5 o (SDR) jhre

T,
SDR=sd(T)—Z‘|T—'||Sd(Ti) ()

LngJ‘.i‘.a Maws T ‘f“ 09‘)] )’l dld“?“’.“)ﬂ} Ti Y
o 2wl lalie jlxe Cilyoul S g 0,8 4 ol
e Bl 3 hey (nl (S Jolye pled (3aioS
LSS O)ge
oS ) 10 lagmile
olbsiiy by owdle 3 (SVR) "ol Jhp oseS)
JS) 33550 o3zl igensSy Jeua J> sl (SVM)
Sl 53 hey cul o5 Wdges 1S GSes 9 ol (¥
@ o) Slp ) @l Sy (el 0p Olube
15 (Lin etal., 2006) 15 o S 5 o275 Sangy il
7S Sy Giloflas b gyl Sy Shals o)
sl o > et sl oo | ol prast b
bl 40,5 (Pham et al., 2018) 595 o ol 5540
S lad S 4 4yl claodh ks c3lSs SVR
2 b g5y plsl sl (b s ol SYL LI
Maity et al., 2010; Piri et al., ) cwl She slad
5 bt cellarais Wl itz o S 4> ,31.(2015
Teles al 2 Ll oy 54 SVR )5 lsie |y aigeSes
S5 3 e 555l b (b seita (5 jltsn > (RBF)
adlas > cylyly (LiN et al., 2006) &S o Jos 55
1 olizal S ol 5l sl

(M5tree) paowad C& > Jow
YDT) Lol paonas <& y3 ssiiz Mool a5ws MBtree Jso
» (Quinlan, 1992) wi sl (MiueS lawgs a8 Cuwl
2) s gy s Jluo S gl DT Jaa
Joe i ooy (S 1 5 By (515 6,5 £55 duw ol

Gpao (dmiiem Jio Alise Olegsge gl MbStree
&ilw e (Afsarian et al., 2018) b \loid ke )> (55!

‘_,»Luwuw {Garcia Nieto et al., 2018) lsa cuas
2 Gl a5 ke o (Deo etal., 2017) (gud o>
Je .l ond oolawwl (Pham et al., 2018) laasls,
oj9el slmodls ()] 13 a8 el ygmw )3y Jde S By
PSS Sbdsseran) 4 S S Cle b
Jie S ezl G lns 1 o3liul b g Sigd o s
dgdige didls dogedman o (gl 234 pade (g )S)
ol ws asdle cép oS LK (Quinlan, 1992)
@ ol (pyig & WS (o I g 35800 ST D)0l
—all 1w ploul by g3 4 a5 L]y calises (slade gosroy
aegermon; o gl ol ks cd > Sy slaoys
Comd )0 (25 B 2o & Sboj U (gilwhe — i
oleo K flg5 00,5 N (gl md oS T Deuis odnliie 054y
ool SYolao Sl dsgoros o 4 390 iy pa5 (glunel

sl ol BB Y dally Golol p ad Jae S &gy
A+ Ay X if X<Z)

Agp + A X if x<Z,

ﬂOn—l + ﬂln—l Xr If X S Zk
Aon + 2n %o i X Z,

3959 it X (O pieb) divse (29)3 pite Y &S
syl (i=1:nt) Ay, A (e drwgs (gl oas Sl
S LB plin 7, 5 Sy shaai N e ol Jao

1-Decision tree


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

hf'li.m) .\olx,als Sy oz “5/._1.@‘]5 Lé)jl.x‘,c ‘d}‘).‘:“" aobld

\Alg Baildg) Mo (023 (it lp omdle 6500 Jde 5 ol Sgpae (e (o5 4l

Polarization

Out put layer

Inner Produ
Input layer Kernel Layer %,

(a)

&-insensitive
loss function

(b)

S90S 1y bl ()lase Sl glaiges ¥ JSS
Figure 4. An example of regression vector machine architecture

s98 blod ¥ alaly )3 £ g 7 0ia8 (slapiito (Bpne
ltle glad gloaes Jol wlul p coly o
9 usl]a.a \s c\]a;l) PN d)‘.ww alio c\l:mgd.) L5 03950

:(Eslami & Hasanlou, 2019) »3,5 o 4l

N
Minimize:%(w.w)+CZ(§i*+g’i’) (v)
i=1
wx +b-y <e+¢  i=123..,N
Constraints:qy, —(wx +b)<e+¢, i=123..,N
>0, ¢ 20 i=1,2,3..,N

Ut &y Cans |y Jdo (5] o 00ga5w € (598 dlaly )
WS yebds sl Cuso Cull cu s S C g 00500 duwlre
9 Bl e BT 0yxay (Jad 0gud 4 Waodld (635 (ygeS)
2 el oty ©jgoh osly (6558 05 Jes
ool g3 g e odlatwl SVR las e g, 5l & yguopl
1o oo CeblS5 gty sl b ol 4y (6399 (gl
b Oygon plgie adl cllS glad ) &S sbu
» BS el 4 by cllS Bl 25 6pS g S
9 OomsS) sl Jluwe 1 bl diajls el ol
ol gyl Gllas Mo izman

p5 & gl asgorme Jl apin sl SVR Jae
29 g0 0dlatwl O alayl,
f(x,w):zm:WI.gl(x)+b (a)

sl jl s geome S a4y o)Ll G(X) Jlap 59 W &S
Eslami & Hasanlou, ) uib o bl p5 0 555l las
59 b dgd o JBlus s gel wlol p & abail, (2019
S o She ol 5l eolatwl b cplpls 20,8 Jols cuslio
Eslami & Hasanlou, ) caol syl b € ol e
:(2019; Maity et al., 2010; Piri et al., 2015

L(y, f(x,w)) = f(x)

0, ly-f(xw)e %)

|y - f(x,w)| < &, otherwise

Jae o SVR .l 3llas )15 o a8 Biaie € o

o3l b n Sy (sLd 5l oYL slel 31y s Sgas S
2

gy Bl oo altime cpl amd inlS [y cpyzeS L1,

(Willmott & Matsuura, 2005; Yassin et al., 2021) LS axlgs oy et =) Jodo

Table 1. The most important kernel functions

Formula Kernels
0N} k(Ui,Vj) :ui'Vj Linear
) k(Ui ,V-) = (1+ u,.v )d Polynomial
() k(u,v.)=exp| - " " L _ RBF

o ' 26

L ol oy omile bgy Como g <8 g0 0 g
Sl ilsel

5 labox wx B el @l 3)Shes d (i) ik &S
A sl oyl ool pubass bl 3)5ikts] Jlne Bl il &


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

VY

RMSE = f(%ief) (VY)

dgas N )Ao‘l>J‘.> 5 &S ol 0dis u”)B ‘Lg)'lwo.)lw dl)f
20los Aol 3D Cygods &S )b S (slallas |
(&=(e,—¢€) i=12..n)

LAl g, Sdgyu sodld g bl Juo
L;ldeBJg) ub/o & d‘.ﬁobl) Lg)LoT JAbu @Lu
Jolis AA-A¥ Lg)LoT sl (gl aws,d o Syl 0g,6 8
> i SaS g Syr ol Sl ks

sl 005 B ¥ LY Jghas

B danl el 5 (6 Ao 5y Lo lle (g3l acbls

VeV liaej /YA 0)loss /o2 )lo> Jlo ),.>u| 059> Cu e dolidiangy

g (il jl a5 ke b Jue (slasdgyg ol o )
Adlee (Slgyien glad g oo
) Sl Jadosi sy Jo

5 Vsane opile 250l el Jie cds sy ol
1 Clapyo (S0l g3 e 3 (MAE) s llos (53l
Lowile 5 Cogeliy 43,31 sd e odlizul (RMSE)
RMSE « wsly ol (Willmott & Matsuura, 2005)
OSes 9 0395 by Jio bawgile 3 Slos ol sl (293 o3
Sy 4 dogi b bl il eaiS ol yeS padli
S Jse duslis gl pols Baios 10 lxo opl ) eolasiwl
Llg) ©)ygods jlne 93 cpl b odliial S U393 lne 93 yo
] Ao JB VY g V)

MAE =~ 3 Je| )
i-1

G 0)3 9 d).,l ‘.)B)Jlf)f le.mdab.)a) dl.tbblib.m‘ )0 UL,P ‘_5.:.) d)Lﬁj Slaswin =Y J?b
Table 2. Statistical characteristics of flow in Gorganrud, Etrak and Qarasoo rivers stations

M(e%rﬁ)/s) M&(‘ng) M(IS;IT:;S) (Ns>) Skewness (S 9xi8) Kurtosis Hydrometric Station ¢ yiog,ds ol
1.066 8.123 0.005 3.155 13.111 Tamer ,o5
8.247 72.825 0.053 2.800 8.675 Arezkooseh awS'jl,)|
2.960 2.025 0.002 6.917 0.942 Hajighooshan ;,Ligs >
2.925 19.047 0.039 2.916 9.385 Qazaghli 3l;3
6.879 45.610 0.135 2.139 4.862 Gonbad 1.5
0.480 15.609 0.006 6.828 47.006 Bagh Salian Ll ¢l
0.407 1.941 0.096 2.088 3.982 Voshmgir Dam ,,Saubg du
6.159 36.605 0.013 2.393 6.392 Dashliborun g, 31>
1.625 22.506 0.006 4.710 23.729 Chat >
0.138 1.144 0.011 4.201 20.733 Garmabdasht cusile,s
0.123 0.302 0.038 1.193 1.894 Qarnabad :ljwé
0.454 1.262 0.064 0.762 -1.305 Nomal Dam Jeg5 suw

JS8) Wl slalezg, (sl (V+1F) oo g 53158 ol
Gy cibre 4l oy b Hlade > Slgsean MalS" (¥

Gl odal Cawds + /Y=Y 3ga5 (¢ a9 yhun (slolSius] oles
Cosl <[5+ [A 3935 45 (Vo VF) o) Kan 5 531,58 lis L S
P okgh g obyz Bes La gl ol )8, )l il
Ao > (eolie (Slod,yl8 Wilgi oo b YL lages
Corato et al., ) ul palyd Laliag) CMew (23 (o5

(2014

o (mll3s-1)

0L o8 LA Jolyly Ol pud (o5
P ol Bos & S @ el Ol £ SS
ol o3ld u‘“““" adllao dy90 (S yog )l oK L;alm“

i3 ULP &b as ella D9 0 sdalin 45 )910‘_')[9.2» Ll
Gl x50 VO U+ 02gd0m0 pd yal)ly oyl Hlade cyio V 20>
(ol Bes Ll b &S cul asuine 59:43543 JERCINS
Oyt ol 3 pialS (ol g 4Bl Gials b yw @ yiel)l
bty (ol sy oo ol dae S a4 (88 oo b ilre

A Dashliborun
A Garmabadesht
W Chat
¢ QarnAbad
OArazkooseh
ONomel dam
X Qazagli
+ Gonbad
@ Bagh Salian
A Hajighooshan
@ Tamer

mil i no .

6 7 8

[8;]

h (m)
axlllas 350 (¢ yiogydut (laolKinn] olod (slp by Bes A Cad A ol )l Ol sy =5 IS
Figure 6. The changes of parameter a in relation to the flow depth for all studied hydrometric stations.

SV S5 53 Gges olsieay (0,8 ldg,) Cubilo s

2 ok Bes g 0l (2l gl gl el

& Cand A yol)l lpss 3yl i pwyp sy
S oyt oSl (oled (gl Iime g0ty by (Bes
Srngyiad ol ¥ L g e sla e a5 Wb dpuloe

5 (S5l leog)) Gapislils (29555 bag)) awgsl)l


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

Sy A»I)ﬁﬁ\ 5 Sy o> (Sl Lé)ﬂ.x.,.: ‘6}‘)#5 aobld

HA laildag) O (23 (i lp omdle 6353k Jaa g by Sdg)den (i (obg )

zlyseinl lp S Cpeddy el Cawddy <Y gl Soum S
sladse Sl by Gee g @ bl o FEd L)
b Aled oolatwl yuile (g8l

> 09y haloy = 0.752x0243
R2=0.2509
20| ®
[ ]
° | &
X
0.0
0.0 10 h (m) 2.0 30
o]
. “Nbu;
6 g
4
2
0

A5 odlatl  Jeme,S, il laly, 5 daelSiw! o)
SolSiu] L&l )3 255 o0 odmlie ¥ S 43 &S jobo jlon
@YU (R?) (s o s > (a8 sl (5 yiog,um
J_\,o YR b Lezoml u;l ).5] dl)g Oy w)..p s

2.0 .
awgS il y=1.0219¢019x

2 =
s, R2 = 0.2733

1.0 8o

0.0

0 2 4h(m) 6 8

_ y=-1.447In(x) + 0.0389
R2=0.7288

L
0 0.1 0.2 ho(l?h) 0.4 0.5 0.6

S gyt ol iz (sl Gl oo Capms A el Sy -V S
Figure 7. Changes of parameter o in relation to flow depth for several hydrometric stations

bl (2 Slghd yida &5 W)l ol Jlo Jsbo )5 eSSl
e kel by ok adl e 4l oo yie S dga>
daailsg, L};.I oMo &5 cul O,;.I Sl Jlexs &9
amd oo LS JSb cpl s o £ Ggy K> 50 g 039 (Juad
ooy Sl e (Mg @ il g by Ges ylp &S

Al

5 bl gl gl
@ Sl @555 0ol bl 4 bgye olie b
Zﬂa ul.u.«.lol c‘am ).) 9,»0)3 9 J)J‘ c.)9)31§)§ dLhA.;B.)9)
ol o @) A S5 5 ¥ s > ol ol 3 plel
> e dw o ly Jloy Sg @je & A pasule
S8 @l ol @i e & el g by Bee by
Sliwo b adlllas 5y50 3 (sladiling, &S dad o oyl A

Oyl g o > sodl> g1y (2555 (igal oslel 4 bguye polie =Y Jouo
Table 3. Values related to goodness-of-fit test statistic for discharge, depth and o parameter data

Anderson-Darling KiJ,ls— g )l

Probability Distribution sYlaisl #3565

Parameter yzol)l,

3.33 Lognormal 0
123.58 Normal
5.62 Lognormal h
26.77 Normal
7.12 Lognormal
76.52 Normal @
Probabilty Density Function Probabiiity Density Function Probability Density Function
. 08:
| " 064

24
10 Matogram — Lognormal O Hstogram — Lognormal

h
a el g by Bes @lbdgy (00 sbodly Jlais! cud 4 bayye jhaged —A S

- oosdf { [
ol 008 o
o 004 { o
0.0¢ 002 I 0.08- h
ok [hrren a B ol e =

) 10 2 EJ 40 £ 60 70

Q

Figure 8. The diagram related to the probability intensity of river flow data, flow depth and o parameter

1-Support Vector Regression

2-Radial Basis Function


http://dx.doi.org/10.61186/jwmr.14.28.110
http://jwmr.sanru.ac.ir/article-1-1211-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-12-06 ]

[ DOI: 10.61186/jwmr.14.28.110

4

2 o3l 5 Digel abye 53 g sl g lme g0ty Juo
2 Jde dw ya mls gll Jdoo cal snd @l 4SS
29900 03 (53 Je 65 5l S @l Cunl 02l ¥ Jga
Coypd g IV d90 Jo opl llas sllas ol O by
ol ool Cowdty +/AA dga> s
ol 4 vl (sgian (ac aSd Jao (5)lors
olitel (Jad @b 5l (295 dlaye )3 g (e 95 AL
gl e geSaw @b 1 Jde ol sl2l )3 (e 38
Jio syl (gl b odlial gl Be v v g 68 slo 5 i)
=¥eee lie g s gt BS @l (Sar Sy )l
Jhe > bus 485 Ly A=VxVe—A 4 € =+/) C
5V 90 Cuipga sy 5 LSy ol Bl 55 3
B8 sl o /o) s lade Jslis

SR senlyel 5 (£ dpdor (5o Lo Jlae (g3lied dabld

VeV liaej /YA 0)loss /o2 )lo> Jlo ),.>u| 059> Cu e dolidiangy

Omile (6550 sla o SaSay A yiol)ly ppesd guls
Sl 00035 3 g5y oty 2l pis 4 arg L
Jade a8 )3 1,8 eolatuwl 3)90 Omile (65300 sl Juo
I debs @l b Ghjeel is 3 aldg, (HBly (03
&S (a) i cwd ggiie polas I eolatwl b (g5lw Jao
239l (Slgyied glad g glafio gaw ol s 515 (ll
..\;.3“)3 g.i: L)"L"])J Sx) w).«o L] 045 Mhu ”;u"
Silodae 13 535500 03] (3T (Fgiuan [h9n (ilo e
09y 9 (swas S (353 lagdy, jl edlatul b (2
DS o )18 okl 3)90 Glestiy )13
oilesl 5 sl (i 93 4 (Bl O g0y laodl
dw Ot’.‘ ol . odlil la Jso u...sLo)i dl)-.‘ odilo Bl o

(903! dlya) @ yially 3,91 5 cpmiile (6500 sl Jaa (b)) (slajhns =F Jga>
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