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ARTICLE INFO ABSTRACT
Article type: The present study was conducted to evaluate the performance of artificial neural
Research Paper networks, support vector machine models, and their hybrid mode with the wavelet

model in predicting the discharge of the Aladyzga and Arbabkandy hydrometric
stations located in the Qara Su watershed. Considering the correlation index, the
discharge of two months ago and the discharge of one month ago were considered as
the input of the runoff model at the Arbabkandy and Aladyzga hydrometric stations,
respectively. The optimal state in the artificial neural network and hybrid wavelet-
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Accepted: 31 July 2025 and the wavelet-support vector machine combination compared to the cases of using
Published online: 05 August 2025!the conventional artificial neural network and support vector machine. Thus, at
Arbabkandy station, hybridizing the single model of the artificial neural network with
the wavelet model increased the R parameter from 0.44 to 0.91 and also reduced the RE
and RMSE parameters from 41% and 2.03 m® s to 23 % and 1.33 m? s'1, respectively.
The NSE and GMER indices in the wavelet-artificial neural network and wavelet-
support vector machine models had better acceptance in both stations than in the other

Keywords: models, so that in Arbabkandy station, the values of these indices in the wavelet-
Artificial neural network, Support iartificial neural network model were 0.78 and 0.94, respectively. After the hybrid
vector machine, Wavelet wavelet-artificial neural network model, which had the best fit and consistency with the
transform, Time delay observational data, the hybrid wavelet-support vector machine model had good

accuracy and efficiency compared to other models used in both stations
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EXTENDED ABSTRACT

Introduction: Accurate prediction of river discharge in watersheds with limited hydrological data represents a
significant challenge in contemporary water resources management. This comprehensive study systematically
evaluated and compared the predictive capabilities of four advanced computational models: Artificial Neural
Networks (ANN), Support Vector Machines (SVM), and their enhanced hybrid versions incorporating Wavelet
Transform (W-ANN and W-SVM). The research focused on monthly discharge forecasting at two strategically
important hydrometric stations - Aladyzga and Arbabkandy - located in the Qara Su watershed of northwestern
Iran. The primary objectives included: (1) developing autocorrelated prediction models using lagged discharge
inputs, (2) quantifying the performance improvement achieved through wavelet-based hybrid modeling
approaches, (3) conducting rigorous uncertainty analysis to assess model reliability, and (4) establishing
practical guidelines for model selection based on specific watershed characteristics and data availability
scenarios.

Methodology: This study employed a comprehensive methodology combining advanced computational
techniques with rigorous statistical validation. Monthly discharge data (1999-2023) from both stations
underwent quality control, including outlier removal and gap-filling. Optimal time lags were determined through
autocorrelation analysis (1-month for Aladyzga, 2-month for Arbabkandy). Four modeling approaches were
implemented: ANN, SVM, and their wavelet-enhanced versions (W-ANN, W-SVM) using Daubechies-4
wavelet decomposition. The modeling process followed a 70-15-15 data split (training-validation-testing) with
early stopping to prevent overfitting. Performance was evaluated using six metrics (R, RMSE, NSE, RE,
GMER, MAE) and a statistical test (t-test). Wavelet processing included signal decomposition, noise reduction,
and coefficient reconstruction. Uncertainty was quantified through Monte Carlo simulations (1000 iterations),
95% prediction uncertainty bands (95PPU), and d-factor analysis. All analyses were conducted in MATLAB
with standardized hardware for consistent comparisons.

Results and Discussion: The comprehensive analysis yielded several significant findings with important
theoretical and practical implications. The W-ANN hybrid model demonstrated exceptional performance at
Arbabkandy station, achieving remarkable accuracy metrics (R=0.91, NSE=0.78, RMSE=1.33 m? s!) that
represented a 107% improvement in correlation coefficient and a 34% reduction in root mean square error
compared to the standalone ANN model. At Aladyzga station, while absolute performance metrics were slightly
lower due to data limitations, the W-ANN still showed superior results (R=0.50, RMSE=0.15 m? s*) with
particularly strong performance in predicting peak flows during flood seasons. The wavelet-based models
consistently outperformed their conventional counterparts across all evaluation criteria, with average
improvements of 62% in R values, 48% in RMSE reduction, and 53% enhancement in NSE scores. Uncertainty
quantification revealed that the hybrid models exhibited substantially narrower 95% prediction uncertainty
bands (95PPU) and significantly lower d-factor values (0.15-0.20 versus 0.25-0.35 for standalone models),
indicating more reliable and stable predictions. The enhanced performance of wavelet hybrids was attributed to
their superior ability to: (1) decompose complex discharge signals into interpretable subcomponents, (2)
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effectively separate stochastic noise from deterministic patterns, and (3) capture multi-scale temporal
dependencies in hydrological processes. Comparative analysis of computational efficiency showed that while
hybrid models required 15-20% more training time, their prediction phase was equally fast, making them
practical for operational forecasting.

Conclusion: This study demonstrates that wavelet-based hybrid models, particularly W-ANN, significantly
improve discharge prediction accuracy in data-scarce watersheds. The models effectively address key
hydrological modeling challenges, including non-stationarity and noise in time series data. The W-ANN showed
superior performance at Arbabkandy station, while maintaining computational efficiency for operational use.
The finding that optimal model structures differ between stations (W-ANN performing best at Arbabkandy
while W-SVM showed competitive results at Aladyzga) underscores the importance of site-specific model
selection. These findings provide water managers with reliable tools for flood forecasting and drought
monitoring in poorly gauged watersheds. The results highlight the importance of site-specific model selection
and suggest wavelet hybrids as a robust alternative to complex physical models in data-limited environments.

Ethical Considerations

Data availability statement: The datasets are available upon a reasonable request to the corresponding author.
Funding: This research has not received any financial support from any organization.

Authors’ contribution: Fariborz Ahmadzadeh Kaleybar, Ahad Molavi, and Bahman Mehrvarz Qoje Begloo, as
the authors of the paper, conducted all parts of the research and wrote the entire manuscript.

Conflicts of interest: The authors of this paper declared no conflict of interest regarding the authorship or
publication of this article.


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.6.8
http://jircsa.ir/article-1-586-fa.html

[ Downloaded from jircsa.ir on 2025-11-17 ]

[ DOR: 20.1001.1.24235970.1404.13.2.6.8 ]

SHS DUl 5 VT Glaolinl 03 (im0 dadp sladibe 25!

& 5 555580yt O 5 P g0 dt DS el ydent 5
f.ahmadzadeh@iau.ac.ir (ol sl 5 5 ¢ oDl 33T sl (33 55 Aol (Ol ndige 5 ke 03,8 Glsked )

ahad.molavi@iau.ac.ir ol !« 5 ¢ oDl 3131 oKl ¢ 15 Aol s (O nikige 5 p5ke 05 8 skl Y

Mehrvarz13581365@GMAil.com i 1 ¢ 5 « Dol 13T oltils 525 Aol g ol i 5 psle 03, il s S at gl 2l Y

i e SV 5 GASOL esdes sl oKl 3 (Soran 2l 55 ks Ll plil
Gladde 53 g Sl L a3 S a5 Cllsy Jde 63555 Olseas 3 ole K s 5 L3 ole 5
T 2 00 i SVl el 5 s sian s K2 S by h 5 S pean s S
o il 4 55 01 51 Sk @ L Jol 055 S5 VY L i SOl el s 5 055
39 s s A0S — S pe oS Sl eslanal s el o e OUlsy 5 OUl, Slaalise sl
o el 5 (e grae oS3 eslial Gladdl @ ol Olindy Ll il ~ S e S S
L o smae (a4 ke Jde 035 o S OL1 olal 53 aS(ghsbar 2 0Vb g e Lty
5l s 54 RMSE 5 RE (la eyl 2alS 55 5 /) & +/FF IR el il il o s Somge Je
Gl atls (ol ke il CaSa gt XY 5 doys TY a4 il cnSa e VAT 5 dsys ¥
S S g S 5 e 55 (GMER) las s 1 Kks s 5 (NSE) CadSSlm 55 oy
S8 S ladie ple g Cod ol s a 5s Olaiy by edleSorpe 5 e as
St S go dio 51 b pasls cpl nslie (SOl ol 3 oisa Ly 1o, 55 1 (5 5 shhas
Jae cpl VL Olebl Gl 5 35 edasOlis &5 el Cowdts t/AY 5 CVA LSS0 o gas e
slaesls L 1 Glpmen 5 Gl e 8 Freae as S0 —Srse L e Sl ey o
s bl 5 s oKl s ,a s Olsis Sl eile —Sm e A jes e cels Sldalis

g0l

e.,\:S.‘: e Slases
.L_m.nch;-}oLx:.‘;d_.)\;ﬂMu‘fwﬁﬁéudm;ﬁaxgb\qu{yb&b& dwty
0,5 4 3l kSl 5 &S 5oV (6 e s s slaelKansl o S pe Ja b Lagsl e
03 ad g3 w3l GASOLl 5 oS VI (g e 2 22 o 02 Sorse e L a0 s

Al 4z ;6
VEoF sl 0 Ficdl s

VECF sl e 0V i S50

VEOF sls e d i 50

VEY Sy e VF s L]

16 AS sl

eile (o sean as S
‘&_2-_,» JJ__X.J ‘Ql.:._.:.i._! J‘:J.g

%] J:"L’

DOR: 20.1001.1.24235970.1404.13.2.6.8

eKJ.....J”‘ & Lf.”:'-’diﬁjé .L.«...Q}A g_;k-“d-\-‘ &}"LLJJ‘ (\Y'Y)Ja.@_u)& 42-;5)'))*&‘5.1:-\ cd‘}}jﬁ c)ﬂjﬁ cﬂ:.ls o)b'.Jw:-‘ |
Fro¥a (TOY ‘abéﬁé/’cjaw slodilole . suS L 5 a5 53T sla

6}3}.& A Jj....a ok ¢ #

Qlﬁ( ‘Jg_JJ «@)&.w\ :bT cmb ‘J‘i_}": .,\>\j ‘UIJA.,LQ.AJ‘:}LO ejjf uJL:.S

VAVFETEAYO il

ahad.molavi@iau.ac.ir : S5 2| g



https://orcid.org/0000000151823128
https://orcid.org/0009-0008-5698-472X
https://orcid.org/0009-0009-2218-8052
https://orcid.org/0009-0009-2218-8052
mailto:f.ahmadzadeh@iau.ac.ir
mailto:ahad.molavi@iau.ac.ir
mailto:hrvarz13581365@Gmail.com
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.6.8
https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.6.8
http://jircsa.ir/article-1-586-fa.html

[ Downloaded from jircsair on 2025-11-17 ]

[ DOR: 20.1001.1.24235970.1404.13.2.6.8 ]

Y s VT (aalKisl (03 w5 diedigp badde ob 3

4o s
dibe G Sl eslinal b Uy, (6 02 ol s ols S s e LS e S Sis SUls, G S b0l
S8 eslial 550 dbta g, 0L (ilwand 3 gadaze o by, 5 dae (Kalteh, 2013) el 5551, 20lr 5 b
S 3l Baa 5y et 3 5 Y Glaesls wad o bl @ ans WO (S5 35050 5 3 Shes oS XS
G580 i B Sl 5 bl gl S pleass 3 bl (ileans g il e Ssline Sodes
355 ol sy g el ke Lob L g mhe SO dade 5 ldls b i 4 S S5 glade
S das e SIS 1 Jde & aall 0L aily b las wsoans slaesls LS 0T 3 oS aal sl 0L aneven

(Chongxun et al., 2023) Lil o baas o= &8 ol 5o LiSely slas s

—Sorse S S e e an ras GlaaSd Oliiy Lls  etle Osmman HSB15 sladis g5l ladle o
3 SSPssdes Dl 5 ey 2208 pas as S-S Gk Jbe 5 (3l 5 Okl Dbl
st ol 2 oesdle (Mugume et al., 2024) ol o3 Sl 3,105 34y WLOT (gl asiie eSS lset
Zhang etal., ) ol ol Hlay e 5 SVL Coeal 51 Sl Glac s 5 o8l Ol s 1o 4 baasles g, Clly, 535
Solward 53 1y Sloy (w5 Fire e 4SS b B, 5 Shee Jain and Kumar (2007) cawe cpeen 3 .(2025
b Sl e a3 oS sl OLE S sls L3 e sse S aw o sl IS ilis sy wlale Ol x slis
Ob s Ol swied Cuwd s s Misra et al. (2009) 55 i (AR) atwas o Jdo 5l eme a3 5,5
s ged ol ogims ae 4S5 Olxdy s cpdle ladie b s 5 0T 4 g wlale 5 Saia lys, gy
F s s aSh e & ol e 5L 58 5 Sl e 5 Ol Jlan pedile Jie sl DL G il
b Sy o bt Sa L1 Gk Gl s sl Sia (T18) 0L 5 2l ol 5 2SI
WMO 5,k 6,50 sls 0L sy e tisls 513 bl 5,50 olK25T 45 5= 53 SNYDER 5 CLARK SCS (sladte
on Sda b s (55 Jsd M6 e s> CLARK 5 SNYDER (sladute s Huff2nd s S0l 5 SCS Jus s
i Sl Sl gbas s 5 5l e RiST as i S 0l o (5 5 O B1S 558 (LSl (6,8 Dl s
Sheslizad b Vbl w55 wl Cdn B8 hasn 52 28 s (TOA) UL 5 Sl (506 JS 5 dlwse
Il ¥ b3 (555lS 5 SsSme (Bl il 5 Wle e 18l 5 Sl a3 Sobl Slas
=5 Sobwand 53 15, SVM 5 ANN (6365 5 sladie s Shee 5 LS Kisi et al. (2012) caslsl 55 35 (1740 L VYY)
SANN sladus OLal Shlbl Gollas sl )| 3 ) 2 3550 45 5 8 Jlad 53 @l (5 e sden oKal 53 53 wils)
il Laelang 55 6l3s) (o3 3loand 53 1 &35 0 5V O ey 3B 5

ot Oty 135 ale Juke a5l 03 w35, Ol 02 it Sl () O as 5 Sl Ssts
31 Sl G gl ol )13 aalllas 5550 1 MIKELTNA o sin S35 05508 Jto 5 (ANFIS) s — 536 zlnu
534 Sl 6 3 Shas Uas Sla o 5S0ls o 208 5 (Stmned 0 (i b Olty 3 opndle Joe oS 30 O
Fds U s gae s a5 Olandy Sls s opeiile ladde S 5 ims3 5o Kalteh et al. (2013) .ol s Jue
Sap eile dde 5 8 L1 oS Ll G amD pl w0 s eals I3 aadllae 550 Slale s (Gileand S S
= S 2 S dizs ANN 5 SVR (sladis 0 ol Sorge bd b oS5 5o (o 5ie mae a0 5 0Lty

Losasdebs sl ass s Bl oslio Lo wo i 5 50 Sl Goleand Gl (T0Y0) OLSes 5 el il


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.6.8
http://jircsa.ir/article-1-586-fa.html

[ Downloaded from jircsair on 2025-11-17 ]

[ DOR: 20.1001.1.24235970.1404.13.2.6.8 ]

O F Y s ¥ ole) 0L KT - glaw saasboln i

o p il Soemes 5 (RBF) Jlis plad b ae i dMLP) Vi O s nme a5 Jobo Sl a3lid
b L Ol ol oSl w1355 slaesls DLl dila; plnil & i (Linear SVR) Ll [3S wl 55 L Ol
Linear SVR5 Jue <o saie 5l 0lis OUT 2ays 2l slasl 3 eslinal 5, 5e OLESLEES 5 1TAD-YAY Solal 6593
Jslee o St ((Stomar u2) R 5 RMSE MAE (glas sla ol pslio b Olos oSasl Sy, o i @l
- oliy by edle e Jde 3 Sae i 53 (Y0VY) OLaa 5 Slias 55 +/APV 5 +/0YYQ (oYY L
53 e SV s 3l slaelSal Wil (5 s Ll elal 53 gl ad g wlbtss) 23 e S 1) S s
S L ped amlie Olatiy Llsp adle Je L, of S s esls LIE s 3 se \TAV-IYAY Gobl gl b
Sl Jde bl slasbe bl 5 03 Sl (s3ledde 53 (oS 5 lasbrle cdpde 51 Sl OUT oo
s Ol e 3 S5 S Sor g Oty s ol

sl o g ke | (LSSVM) 5 Sl o Bl Olzly s ndle oS 5 Jde S Kwon et al. (2020)
Ul b @sledde 53 1, SM) (gloylsale Sl Cosby slaesls 2 0Ll s S5 Sy, — 5L a3
Sl wbg o5 Gl 6550 Ll ESA CCISWI 3l el blizal SM oVl &S Ly a2t opl 40 5 035 )
s (L (’l’U‘ V:wjfdl L olris Ll 5 oeile) SVM-SSA S 5 Jde Samantaray et al. (2022) .S .« «I,) SM
L ds Liussh e Skl wbts sy as = 55 Cllsy sw i &l (ANN) o sims oae K 5 Jsens SVM sladie
bl p g ye G s b aemlie 3 1) (6 ot B3 oS 5 ke S sls 0L Osa3T s sls 13 s 3 s
&l Chongxun et al. (2023) .43l o LB Clls, s im 5 Sllsm 2oL Al 6l iledde 53 Ll e s
EWT-PSO-) oliziy Sl cpilem )b plsl (olatigr Sorpe b 025 (o8 5 e K i hy 235 ool 3
Gl a3 1 O il 5 enges slgdn bl awie Gl (GOlesbe et ) ke (SVM
Gluady parle L 5| EWT-PSO-SVM Jus oS 3500 aseie Gaiss gl Lala)l 3y p 3550 oS 4l
Je 3 Shas golb Aol 6l 0Ll el » ol S o Jos 2 SYM Jde 5 PSO-SVM Jke 53 ,a 5l oS 5
sl 3l3)0 3 s 350 1y Cilisee (53555 03l glajlitle cod SVM 5 PSO-SVM sladute U 5 assbian
Gl Ll e oS Sl 3o Jle S 5 035 6585 3 Shee 550 gLls EWT-PSO-SVM (s s Je S sls OLES
S5 Jlsl G )8 adleie Ol oo i

oslr VOV slaesls s MLP =Y om0 s e a5 Liadign sladde 5 2oe () axlllae ;3 Agheli et al. (2024)
bl sloesls ol s 4 (gl oalive (gla ol b akools 03538 o b 51 S Slesle o8 8 L3 p3 Ol u) o8 Jla o
Glaolr g sl 5 SIS 3 S0y cnl S eslial sls 0L s A3 slgiiy (Jde 53555 Olyea (EC) (S S
G ot 3l b el ann g Lt ga sladie 3 Sas 050 0 SO0 5 G834 e Gl T B A) gl
Mugume etal. .cils (s lsbas 3 g (635,55 BB ladde 4 o +/VY 1 o/OY 51 (NSE) oI5 5 o/VY I /0¥
SHEC-HMS 3l S5 &S spms gae a0 Jle SO 5l 050l o pasl 5 0L 6,8 80 L idss 53 (2024)
S35 15l 53 bmilile abeagy 5l adsm 55 SUlsy Ol loans lp s FENND Sty e a0
»RE0.99 U eslizsl 5 onls b 53 HEC-HMS-ANN (6 o it oS 315 0L aalllas il i3 yo e3liz
S >, Nes R?=056 LANN Jue 5 R?=0.42 L MIKE HYDRO ; R%=0.5 L HEC-HMS 3 i sladde b avslis
s iy alas K SVM LSTM Lls il (6,850 sladde S 5 L Zhang et al. (2025) .c.xls

<Ll e 33 e gp<.>.-),c s VMD EMD .l u:’J'bJ:!ui":i. Gl 5l eslazad LR 8 S g


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.6.8
http://jircsa.ir/article-1-586-fa.html

[ Downloaded from jircsair on 2025-11-17 ]

[ DOR: 20.1001.1.24235970.1404.13.2.6.8 ]

A" s 8 53YT laolKans| 93 Lawte 3 Ledisr sdus oU3 )

S 5 dde 5 anils (g e s Ses Lle SO gladae le b aglas 53 LSTM Jus o8 5l OLiS G ml Ll
bl 5l ars bl et Jue o 2p Olssa (NSE=0.9 RMSE=52.14) YL <35 L VMD-LSTM
el anllas oGT 28 S il Somge sy L O S 5 cpizeen 5 ANN 5 SVM la o5 (6,8 5w I3 LG
ol sle Ol SO SV s 6lsy, Uy w53 oS e gladie s Shes L5l o sas o
~* JA& 6)')_9\.:'5 6).;15 uja:é ;i.“: 9 aalee BE dj)_}l.is 6[.&@».:.“:!.9 owdw E) JJ\:ALJJ ui aJwaﬂ‘b 4@[.;?—
;,.:SJJ cd% )\bﬁ WQLA (S 5Rr oS GD/\MJ: dl.hd.l.a JJKW th.))l A_‘BML ﬂl}- L}:E;u" Sl onL:(sbu‘ s
Ul wlals Ol atean 3550 (luand 53 Oltdy Dby Gedlm S pe S5 5 (Fiae s S-Sy

A plndl w0 3w 53 WLy GUS L 5 oS VT (5 e s en slaolSan

G g, 9 3l e

andllas 3 4o ailate

S S e B adym 3 e 3y pl a3 @l SO 5 S VT ol SlaelSan) Al 3550 o
Ol L3l Ol 3 0 51 S sS ise 5 4 8515 Jussl Ol (655 0 Caand 53 & Sl ol 4 Slaas 3> 5
o2 A QY BTV e YV 5 5 os Jsb YAe VAL RV YYD LSl A slatie s 4 cpl Lol sld il B0
ANk 5 (e W) ad g ahadl o 5y Ll BBl ol i n e S WP il 0T s 5 a8 815 Jlacs
39de 3l 3 Sistaas 5 (Il ade 63 sdome 53 4 g 3B e 2 FONY (e FVAS) OBl oS 45 s O abads
Bl e BB Ol 53 Aoy Ve L b SWHL Olgee o 5eS das e S5 Sl Jead 53 4= (SWL Ao s FY
5 adls gy Jaulsl b il =) n o Jle Janlyl 51 G113 Gl SL g5 5 Olee 51 om0 Al 5
L oamlio 53 ol i Sla 2ok 5 Sliens G sd 51 0 el ol W b e 2SSkl sl B e
Sy i pd 3 e Sl 028 ol sk e las gy O 51 Ll Glagsls e i 30 5 Sl oS Sla bk
Esfandiari ) s s 51,55 1 age oSl 51 Jussl Ol O s sl a3 51 ad o sl B ok Corgo s 3 45 3
b Syl 5 a8 VT el laslKausl Sy, wlale glaesls 31 j2as% onl s .(@nd Qarachoorloo, 2023
Il 51y 5 0 2l Jussl Okl (slalaiasl Olasla 51 baosls cnl ol s o3lizal Y+ YVYVA (6 5ll o) 55
5 L gn sladde (6,8 50 b ateans 5 Oy o dlale Ol (gileand gl o LG Gl 5 a8 slad xS
WatS Jus s b L;LAQJ«)'T aesly Como 3l Olaabl (gl Ll S 513 eslital 3y40 (G b L sa
03 b OIS s s Waesls 5l s 3 0 55 oS VT o] 3 el R CpE RIS PLOVY Osa3l Jols
Glaosls ¢ blis 53 ad (5ladl sslme Glaelaml b Stemen 5 o slbiss glads, b &S Loy el
(V) IS5 55 gmo 3 adym 53 5580 glaolSinyl Condpn A3l gloddoS ahald s 5 0350 JolS (S OLl olSns


https://dor.isc.ac/dor/20.1001.1.24235970.1404.13.2.6.8
http://jircsa.ir/article-1-586-fa.html

[ Downloaded from jircsair on 2025-11-17 ]

[ DOR: 20.1001.1.24235970.1404.13.2.6.8 ]

O F Y s ¥ ole) 0L KT - glaw saasboln \2

47°300°E 4800°E 48"300°E
z el / P z
13 <X TE Al e
&1 : 3 f 8
8 o) / 8
N

) N TRy

e 71 T@

Legend PN At AN

@ iy N % >~ 1 4
Z i 52 N AT R =
21 I TR 7 T te
4T'300E 4800E 48°300°E

e ol ad g 53 adlllan 350 glaolinl Cundge - S
Figure 1- Location of the study stations in the Qara Su watershed
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Figure 2- Comparison of current runoff with one to three month delay times at Arbabkandy hydrometric station
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Table 1- R, NSE, RE, GMER and RMSE statistical indices values of ANN and W-ANN models at Aladyzga station
Note: ANN: Artificial Neural Networks, W-ANN: Wavelet-Artificial Neural Networks
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Table 2- R, NSE, RE, GMER and RMSE statistical indices values of ANN and W-ANN models at Arbabkandy

station
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Figure 4 - Comparison of observed and simulated runoff of Arbabkandy hydrometric station with a two-month
delay
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Figure 5- Comparison of observed and simulated runoff at the Aladyzga hydrometric station
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Table 3- Index values and statistical tests of the models used in Arbabkandy and Aladyzga stations

Method (le\glsle) GMER ('r\nAQ I_El) RE R NSE Mean Difference t Stat
ANN
LSOl 2.03 1.31 0.97 41 044 018 0.25 1.95%
“fjiﬂ” 0.18 1.41 0.17 44 0.36 0.12 -0.57 -2.26
mean 1.105 1.36 0.57 425 0.4 0.15 0.25
SVM
GASb| 211 1.47 1.24 48 042 019 0.77 -2.57
Afj-i;\ﬂ 0.20 1.51 0.16 51 0.22 0.05 -0.32 -2.22
mean 1.15 1.49 0.7 495 0.32 0.12 0.22
W-ANN
sLsob) 1.33 0.94 0.72 23 0.91 0.78 -0.08 0.23*
-@ﬁﬁT 0.15 1.08 0.15 24 0.50 0.45 0.01 0.023*
mean 0.74 1.01 0.435 235 0.705 0.62 -0.035
W- SVM
GaS bl 1.37 111 0.59 21 086 0.5 -0.04 0.08*
4§ﬂ>‘ﬂ 0.17 1.25 0.14 26 0.48 0.41 0.2 -0.25*
mean 0.77 1.18 0.365 235 0.67 0.53 0.08
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Figure 6- Calibration coefficients of W-ANN and W-SVM models of Arbabkandy hydrometric station
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Figure 7- Calibration coefficients of W-ANN and W-SVM models of Aladyzga hydrometric station
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Figure 8- RMSE and MAE error indices before and after applying calibration coefficients for Arbabkandy
hydrometric station
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Figure 9- RMSE and MAE error indices before and after applying calibration coefficients for the Aladyzga
hydrometric station
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Table 4- Results of uncertainty analysis of models used at Arbabkandy and Aladyzga stations
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