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Abstract

Estimation of basin outflow under the influence of various
parameters is a complex process and in case of basin
information lack, the analytical models are not applicable. On
the other hand, Artificial Intelligence models do not require
basin information, and some, such as the convolutional neural
network (CNN), have recently been widely used in hydrology.
The purpose of this study was to investigate the performance
of CNN in estimating the outflow in terms of temperature,
precipitation and inflow to the basin. In this study, CNN,
combination of CNN with wavelet analysis (WCNN), and
perceptron neural network (MLP) were used to evaluate the
effect of temperature on the outflow within the Ghaleh
Shahrokh Chelgard basin from 1992 to 2015. Each model was
run 20 times and the mean values of correlation coefficient
(R), root mean square error (RMSE) and Nash Sutcliffe
coefficient (NS) were calculated. Lags of one, two and three-
month of temperature and rainfall data are also included as
input data. Wavelet analysis was used for noise reduction and
the results showed that CNN with a lag of three months had
RMSE, R and NS equal to 14.20 (m?¥s), 0.922 and 0.772,
respectively. In contrast, the WCNNT3 method with
Daubechies wavelet, which is a combination of CNN and
wavelet analysis, with level four performance and resolution
two (WCNNT3-db42) had indices respectively equal to 9.45
(m?%/s), 0.945 and 0.863. Accordingly, CNN performed better
than MLP, and the WCNN method with wavelet analysis
showed better performance than CNN.
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Fig. 1- Geographical location of the study area of Ghaleh Shahrokh Chelgard basin
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Xmax 'Xmin
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& (o) -0
by bawg ads> jl (295 Ol (eSS @I (S (ol
dlyo 1> sl 458,53 sy 5550 WCNN 4 CNN MLP
Ol gl 3 Lod yially y5b g MLP (29, 5 Slae () 42 Jsl
Ol @l & (Y35l (S g8 wd by g cnl by (295
Sogy o el Ll Yo 5 oslil sl e lipebs] L6 1, 3o
S 2 3 byl slapadls ke Sl eslitel ol (gjlo e
o1 lin] gl el Sl 1 &S 395 0 el Sl 3,50
S ilodde bl 3 Sdes (b)) 3 12l Ve zls 4o
JBY Jgao ;5 a8 NS 9 RMSE R polis a dogi b g 28lg
Gilodie 13 MLPT3 Lig, )5 4 olgise ebiiud oanlie
shls ad9> 4 (039)9 Ol g o3 Bk cans g (295 Ol
NS o R jyolio 05l o MLP (claclls glgil o 3,Skas o502
5 b3 )l s (295 Ol 0505 Caa MLPT3 3, 5
b9y Otl 3 dliee WY 9 /AR L ply ciiay (93959 Ly
o pa 2byl G padls 610 SD jlade (5 yieS g RMSE 0o
by 3yglp 3 bed s aidl e +/+YF 9 VF/YY. (MYS) Iy
NS 4R RMSE ,ylis oy 05 MLP g, &5 05 ccly 2gys
gy plos opm pd 1y /DA g «/AY AANOA (MS) Cs 5 &
U5 4 MLP by, Giens ol ol el gl ol 4l azils
B 5 g 455 Ll 50 e ol csjbode 5 bod s

Table 1- Types of outflow estimation methods with
their inputs

olyod & (29,5 ol ya 35905 GBS, Eleil - g

kel 539,9
Input-1

Type of Method
CNN
CNNT1
CNNT2

CNNT3
MLP
MLPT1
MLPT2
MLPT3
WCNN
WCNNT1
WCNNT2
WCNNT3

Input-2

P, T

max’Tmin’ P.Q

Sl Il o gl g oad plonl ilisee 2 Ve (g 2
R &)ygo 4 bopadls (Sl L@l 53 5 005 drslre 25)]
Cand & ol  SaSly e s sl Gadod aob] > (sl odd
Saro Bl (a3ls Sl 298 Gl dln pogad 3 ol
ol oi0 doosld Dl N i Yolre ] ol o3liiu]
9 NS Jluie oy itn 00 (5551 (slmodls O g o 391
3905 50 1y gy Fdd g e bl Wbl G 4 S5 R
& b —o0 wm u‘).u.’d 03945t A3 o bl (g b
Ll 005 yauo 4 doyb Jlxe Bl ol g RMSE polie .aib 0
dmdee ol iledde 3 1) gl e 3Skes 5 (2

.(Mehrparvar and Asghari, 2018)
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30 Ui 1y 3855 cnl silwdde slagbyy Sl on e
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soyeito & 48 ol glalluns 5515 (298 b 2591 sy,
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byl paLs Ll Gaios cpl )3 3905 (ol (65l (g o
sl 5 g,y wiwily R A1 dls o 5 g RMSE ux (NS
Sl jghaiea 1) (298 b iledie laghyy S Slas

i LS () o e

39y 5 lad yiel)lb 8ls L CNNT 5 CNN (cla g, ol
2 i)l sgadls (cwyp bl 038 Iy S35 95 ol
390y Lod s a8 il > ol .o CNNTL gCNN (el 59,
sl 3 NS b3yl pasld o 1y b cp e (295 Sl
5 <ai iy CNNTL ,CNN (cla b9y )0 NS jiolde dod jguis L
Lo yayly &8 oyl b ) G o> i g o 9 S g Ao g0
Slayasls ol 4Bl il oud Bls 95 by 359l 50
» e g gilw e <oz CNN 3g, 55 s ls LR b))
Loyd Cuiid g olian dga> ;> RMSE 5 LialS doys cutin 390
Coads RMSE 4 LialS asys 425 RCNNTL 34, )3 9 (iuljél
295 ol dyglp o by Bls Jg ilatily (iol38l woyd 93 4
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b e
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sl & wleie Pl CNN- g, b (295 0l silo]e
2k (298 Ol @iledse ;3 CNN bg) <85 5 o)l 38
wop (BlSny 9 S ez e ( Sk ale (alaodld 398
byl glgsl g CNN i, 51 35 Vanetal. (2020) 53,5 )by
ol ol Wlodgas edlitial (Bl s 2 (295 Ol 2l
Gedod > WS By fhe (295 ol ln 21y Ut
0L 29l 2 539y (slaodls dass Il o 53T 55 ol
Mol Lo yal)ly (8,5 )iy g 005 sl slaypd b s 4 295
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(53979 (2 9 Mndir 9 4 (Slod (( SNk ($39)9 s 2 (29>
o) 9 ol S0 glgil LWCNN 5 CNN jig) bawgs ddgs 4
P 2ep ol gl @B Y el a8 e 30
2 Sl oy yips a3 o lis |y WCNN 3 CNN gl i,
Lg)g‘).g RMSE .- /#Y- L»).»‘).:m o /AVY L: ).3‘).3{_{ Ld)L»J.\A
WCNN- o9y 1093).4 of+¥ »lpSD L)’)“"59 /oy (mS/S)

il e db42

4 G WONN-db42 35, 5 NS 5 R obj)) sbaasls
g 4wl Liuli8l woys 033l ¢ doyd gy 29> 1> i 4y CNN
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il cdl d9gn NS [asls (390 U lod Gls b > 3L
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e 1y Gle Y Sl lgi o ks MLP o .coul g5
sbay ol s Kl Sle Y 3 CNN s, 0 Jg ob
&l 5l oolatwl Sl 5 Y o 50 b ild dlal g slaay ( Subggls
s Gl il ] (g5l Jae s [inli8l cas 4V p0 pleal
OSee JolS Jlasl saa¥ slol g slas s CNN- 3o,
5 bodly Slads o min 55y g daxie ladY 355 bl o
Siledde 3 gy crl B @b 5 e 3,8hes e, CNN i,

D50 (29 ol

S b el paskds BB Slebxe sep 0 by b
3 syl pae 4 043 Clidss 4 4> L Van et al. (2020)
dliseo i Aiwd Maixe (295 b 3)91)4 cdy il
g Uhl sy b (298 b dygln 50 2l ol
Anctil et al., 2004; Nourani, 2017; ) 3505 &)l 1, L a8> gols
Uesad 43 35 iss 4> Song (2022) Ll .(Van et al., 2020

Table 2- Results obtained from CNN and MLP methods used to estimate outflow
2955 0Ly 355152 S MLP 9 CNN (glagyig, 5l ool Cowd & gl =Y Jgoe

Input-1 Input-2
PT T ..Q P.Q
max™ min
Type of — —
Method RMSE RMSE SD
R SD for SD — SD for R for SD SD for — for
for R m? RMSE NS NS R m? RMSE NS
(—) (—) NS
S S
MLP 0.819 0.069 18810 3560 0437 0350 0.802 0.045 19.185 2.630  0.508 0.118
MLPT1  0.874 0.029 16.540 2395 0615 0233 0850 0.052 18220 2915 0599 0.194
MLPT2  0.897 0.031 15.480 2390 0755 0.095 0.861 0.032 17.314 2792 0500 0.347
MLPT3 0909 0.035 14.210 2610 0770 0.106 0.908 0.034 13.826 2500 0.764 0.117
CNN 0870 0.026 16.770 2480 0579 0.128 0.803 0.029 29710 3.610 -53.08 30.95
CNNT1 0.880 0.030 16.100 2570 0670 0.104 0.830 0.042 26.020 6.610 -10.20 14.62
CNNT2 0908 0.027 14350  3.090 0746 0.147 0.861 0032 17310 2810 0500 0.347
CNNT3 0922 0.018 14.200 2310 0772 0090 0.888 0.022 15230 2060 0.707 0.094
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w3905 @) (295 ol 0500 0 |y 4o e WENN 3,
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¥ s @l @ s b (298 ol oyly 0 0Sles (e
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NS+ g +/A¥D A/FD (MYS) ply cwiga NS R ,RMSE

Cas WENNT3-0042 g, b5yl slopaslis duglio b .cul
4 NS 5 R oS 398 0 Jols 4 o] WCNN-0b42 s, &
RMSE 5 il 03 & g Conn g o 9 4w 290> )0 iy

SlALE o yd e g 0ded dgds > didlS

SFr p e b))l slpasls polie Sl oyl
NS 4R ) sl sl sl WCNNT3-0b42 b, 5,Slec

3935 ;3 o iy CNN (b9, 4 s WCNNT3-dD42 5, 5

Sl (iol38l doyd & g Jos g doyd &

5 okis WONN-0DA2 3g, 5 obsy) elomsls 3oms olsse
2R Slghyy 4 Cund gy cnl S LB g s 3Sles
3fes pwyp 3 drg BB A o)l (295 pha ile e
R 1,55 03l CNNT3 g, 4 s WCNN-dD42 56,
Joyd 03jg cyinlil dopd S dgds ;3 iy NS o RMSE
099y 99 2 » R asls mlawsly ioli8l ao ) odjw 9 ialS
@S 5 ) QL RMSE sl o8 Jlo 53 sl (gglns Lo i
s NS asls o 5,5 CNNT3 4y s WCNN-db42 s,
15 sl WCNN-0D42 & ¢eres CNNT3 g, 3,Shas (55 5
U9y e Sl pegad ) gkl clls (o Sl S e
OleSe g alio 93 )Sdas L 1) gy 95 2 ol oo silu e
Sogo o a5 5l b WONN-0DA2 g, ;5 3905 o pee
Pl Sege b QL) .85 00 silode cuz CNN i)
FVsb cel Jolpe (nl &5 2l oo lad g (o i)l 395 55
235 e iledde 3 lad Gildl el 5 (silo e jae ()05
5 699y9 sodly ;5 p b sl b Lais CNNT3 g, 45 Jls 5
ol ol adlg CNN g, caslio 5 o clsls 51 onlizal |

ol Bl (295 by siledie 2 1) Fhe 3 Sles

By Gl el Soge Judoo a8 dind o s Baios opl oo
i 9500 CNN 39, sy (295 0l 2500 @l 5
Jedow 3 a8 Wlod S oylisl S ol @ 098 Cladss > il
Foo @l 290 3 ple Sage &b 9y 9 gaw SRl Sose
Mosavi et al., 2018; Nourani and Komasi, 2013; ) ¢!
ol »» (Nourani and Molajou, 2017; Sharghi et al., 2019

Table 3- Results obtained from CNN and WCNN methods used to estimate outflow
WCNN 5 CNN (gl g, 3! ool Cuwd 4 gl Y Jouio

RMSE

Type Mother ) for SD _ SD for
of Method Wavelets R SDfork (ni) RMSE NS NS
s
CNN 0.870 0.026 16.770 2480 0579 0.128
Haarl 0.876 0.028 15.393 2.72 0.527 0.041
Haar2 0.877 0.044 15.110 2.760  4.050 6.06
WCNN db42 0.914 0.020 11.570 1.720 0.670 0.180
db43 0.875 0.036 7.670 0.850 0.603 0.172
db44 0.891 0.037 5.625 1.150 0.633 0.310
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Table 4- Results obtained from WCNNT methods used to estimate outflow
WCNNT (g yigy 5l ol Cowd &y gl -F Joua

RMSE

- SD for — SD for
Type of Method R SD for R me RMSE NS
(?)
WCNN-db42 0.914 0.020 11.570 1.720 0.670 0.180
WCNNT1-db42 0.924 0.015 10.673 1.454 0.798 0.059
WCNNT2-db42 0.931 0.013 10.392 1.010 0.830 0.036
WCNNT3-dh42 0.945 0.012 9.450 1.160 0.863 0.037

sui CNN 5oy Slbe slaasY .caol CNN gy (6 )lomo ¢ Jole
by 9l cdd il el Jlsle cpl a5 asb o MLP I
Y ;5 laodly a8 cuwl (slassS 4 CNN sl b 0 (9,5
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Olg Woaly ey dlsye )0 WS 0SB B30y )50 3l 293
b9 2 29 O siledie g Wgd e JelS JLail claeY
Jo8 Jlail sl ¥ (150 900 JeaSS (295 Y > CNN
b9y Sl saY alie gldle gLl 35 CNN- i) )
Or09d Cawl 00 Byme JolS Jlasl slaaY loie b aS col
losly ddg yialS el aS cul Soge Julow I oolatwl ¢ Jole
295 Ol 29l 2 )8es (it 0 S Jele (ppoge il o
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4 Cund 459 | (295 Sl 25900 2550 sl (WCNNT)
9y Cyyiae bl o abl (gyde <8y 4lyls MLP 4 CNN
gl el 0392 JIS 3L ora Jole ds (295 (L 209l 2

IFe) Hlo o) o ylowd cedazed Jlu oyl ml O ol ol
Volume 18, No. 1, Spring 2022 (IR-WRR)

YA



1- Artificial Neural Network

2- Combined Methods of Wavelet Analysis and Artificial
Neural Network

3- Convolutional Neural Network

4- Multi-Layer Perceptron

5- Partial Mutual Information

6- Co-Active Neuro Fuzzy Inference System
7- Generalized Feed Forward Neural Network
8- Modular Neural Network

9- Recurrent Neural Network

10- Time Lagged Recurrent Neural Network
11- Gene Expression Programming

12- Surface Flow Features

13- Base Flow Features

14- Pooling Layer

15- Fully Connected Layers

16- ReLLU Activation Function

17- Max Pooling Layer

18- Continuous Wavelet Transform

19- Discrete Wavelet Transform

20- Back-Propagation

21- MLP by Time Delay

22- CNN by Time Delay

23- WCNN by Time Delay

24- Root-Mean-Square Deviation

25- Nash-Sutcliffe Coefficient
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