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Since the increase in the depth of groundwater and its intensification can indicate
serious limitations in the exploitation of these resources, predicting the changes of
this parameter plays an important role in managing these resources and preventing
possible damage to them. For this purpose, the use of smart methods has been
strongly recommended by researchers. In this research, the methods of multilayer
perceptron neural network (MLP), fuzzy inference system (fis), adaptive neural
fuzzy inference system (ANFIS), and the combined method of fuzzy neural
inference system and particle swarm optimization (ANFIS-PSO) were used for
simulation of groundwater Fluctuations depth in Haji Abad area between March
1995 to October 2022 on a monthly scale. The training and testing phases were
done with 75 and 25 percent of data, respectively. To measure the accuracy of the
models, root mean square error (RMSE), mean absolute percentage error (MAPE)
and mean absolute value of error (MAE) indices were used. The best results in the
training phase are related to ANFIS-PSO, ANFIS, and MLP models, respectively.
Simultaneously with the training of the mentioned models, the testing stage of said
models was also implemented. Finally, the best results in this stage belonged to the
neural network model with time delay [1 3 5], the ANFIS-PSO model with time
delay [1 2 3], and the neural network model with time delay [1 2], respectively. The
accuracy indices in the test stage for the best models are (0.1871, 0.1865, 0.1857)
for RMSE, (0.7402, 0.6715, 0.6684) for MAPE, and (0.1326, 0.1238, 0.1198) for
MAE, respectively. These values show that all three models have an error of less
than 20 cm, an error percentage of less than 0.75%, and an absolute error of less
than 14 cm, which indicates the acceptable accuracy of these models. Also, the
coefficient of determination obtained from the regression relationship of the
calculated and measured values of the groundwater depth in the test phase for all
three models is around 0.82, which indicates a relatively high linear relationship
between these two parameters.
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EXTENDED ABSTRACT

Introduction: Over the past years, with the progress of mathematical and engineering science, intelligent
methods have taken the place of classical ones in the simulation of phenomena. In this regard, many researchers
have compared intelligent methods including neural networks, fuzzy systems, etc., with methods such as
ARIMA and SARIMA in the analysis of time series. As a result, intelligent methods were evaluated as more
accurate methods than the classical ones, and the use of these methods was recommended. Therefore, we are
now extensively witnessing the usage of these methods in different branches of sciences such as natural
resources, agriculture and meteorology, etc. One of the applications of intelligent methods is in the field of
groundwater management. The concept of water table fluctuations is one of the important and basic issues in
agricultural planning, water resource management, and determining crop water requirements. Moreover, the
excessive extraction of groundwater causes a sharp drop in the groundwater level, which will increase the risk of
land subsidence. So, an accurate prediction of the groundwater depth and its fluctuations is important for the
management of these resources and the prevention of some destructive risks.

Methodology: In this research, the simulation of groundwater depth fluctuations has been done in Haji Abad
aquifer using some artificial intelligence models. The aquifer is located in the southeast of Darab city in Fars
province. The applied models consist of a Multilayer Perceptron Neural Network (MLP), Fuzzy Inference System
(FIS), Adaptive Neural Fuzzy Inference System (ANFIS), and the combined method of Fuzzy Neural Inference
System and Particle Swarm Optimization method (ANFIS-PSO). First, to create the input data file, the time series
data related to the piezometric wells have been collected in the period of March 1995 to October 2022 and the
average depth of groundwater depth in this time period has been calculated based on the k-Means clustering
method. In the present study, considering that the prediction of the groundwater depth in the present time will be
done based on the time delays of this variable in the past, the input data of the models has been created in the form
of a time delay matrix. After that, the training step of the models has been done by adjusting the most important
parameters of each model based on an iterative algorithm. This algorithm provides the best values for the
parameters, which will lead to the most accurate results in the test step. To measure the accuracy of the models, the
indices of root mean square error (RMSE), mean absolute percentage error (MAPE), and mean absolute value of
error (MAE) were used. After running the models based on different time delay matrices, the obtained results were
compared with each other and as a result, the most efficient models in the prediction of groundwater fluctuations in
the mentioned area were introduced. The superior models generally had their best efficiency in a certain time delay
matrix. The purpose of this research is to know the pattern of groundwater depth changes in the aquifer of this
region and then predict the future changes in the mentioned aquifer.

Results and Discussion: The results (Table 1) showed that in the training step, the first rank belongs to the
combined method of fuzzy-neural inference system and particle swarm optimization method with time delay [1 2
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3] and the error indices 0.1994 for RMSE, 0.9366 for MAPE and 0.1397 for MAE. The second rank has been
assigned to the adaptive neural fuzzy inference system with time delay [1], in which the values of the error indices
are 0.2162, 0.9622, and 0.1431 for RMSE, MAPE, and MAE, respectively. Finally, the third rank is the multi-layer
perceptron artificial neural network model with time delay [1 2] with RMSE of 0.2750, MAPE of 1.1752, and an
absolute average error of 0.1721. In the testing step, the best results were for the MLP model with time delay [1 3
5], the ANFIS-PSO model with time delay [1 2 3], and the MLP model with time delay [1 2], as the first three
ranks, respectively. For the mentioned superior models, the error indices are (0.1871, 0.1865, 0.1857) for RMSE,
(0.7402, 0.6715, 0.6684) for MAPE, and (0.1326, 0.1238, 0.1198) for MAE, respectively.

Table 1- The Model’s ranking and model’s accuracy in the training and testing steps for each delay

Row  Delay  Superior Model Train step Test step
MAPE MAE Ra RMSE MAPE MAE Rank
1 [1] ANFIS 0.2162 0.9622 0.1431 2 0.1907 0.7792 0.1389 4
2 [2] MLP 25939 11871 19761 10 0.2829 1.1272 0.2103 7
3 [3] MLP 0.6653 3.3401 0.495%6 8 0.3353 1.2959 0.8050 10
4 [1 2] MLP 0.2750 11752 0.1721 3 0.1871 0.7402 0.1326 3
5 [2 3] MLP 24849 11580 19111 9 0.2728 1.0665 0.1909 6
6 [3 4] MLP 0.5674 25792 0.3898 5 0.3137 1.2342 0.2202 8
7 [1 2 3] ANFIS-PSO 0.1994 09366 0.1397 1 0.1865 0.6715 0.1238 2
8 [2 34] MLP 0.5848 2.6900 0.4128 6 0.2708 0.953 0.1964 5
9 [3 4 5] MLP 0.6146 3.0526 0.4597 7 0.3263 1.1969 0.2148 9
10 [1 3 5] MLP 0.2831 13033 0.1909 4 0.1857 0.6684 0.1198 1

Conclusion: The best results in the training step are related to ANFIS-PSO, ANFIS, and MLP models,
respectively. Simultaneously with the training of the models, the testing step was also implemented. Finally, the
best results for the testing step were MLP, ANFIS-PSO, and MLP, respectively. The accuracy indices in the
testing step for the best models are (0.1871, 0.1865, 0.1857) for RMSE, (0.7402, 0.6715, 0.6684) for MAPE,
and (0.1326, 0.1238, 0.1198) for MAE, respectively. These values show that all three models have an error of
less than 20 cm, an error percentage of less than 0.75%, and an absolute error of less than 14 cm, which
indicates the acceptable accuracy of these models. Besides, the coefficient of determination obtained from the
regression analysis between calculated and measured values of the groundwater depth for all three models is
around 0.82, which indicates a relatively strong linear relationship between these two variables. Moreover, the
results showed that more than 80% of the data had an error of less than 20 cm in the prediction.
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Figure 1- Isopotential Contour map and Geographical location of the research site in Fars province
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Figure 2- The average variation of groundwater depth in the case study region
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Table 1- The test results of MLP Model for different delay

Row Delay Number of Neuron in Hidden Layer Epoch Number RMSE MAPE MAE
1 [1] [6 4] 2510 0.1978 0.7663 0.1363
2 [2] [5 8] 759 0.2829 1.1272 0.2103
3 [3] [7 7] 2134 0.3353 1.2959 0.8050
4 [T 2] [7 7] 3764 0.1871 0.7441 0.1308
5 [2 3] [7 4] 52 0.2728 1.0665 0.1909
6 [3 4] [7 5] 2146 0.3137 1.2342 0.2202
7 [1 2 3] [6 4] 481 0.1865 0.6756 0.1251
8 [2 3 4] [7 4] 162 0.2708 0.9534 0.1964
9 [3 4 5] [4 8] 3643 0.3263 1.1969 0.2148
10 [1 3 5] [3 4] 660 0.1857 0.7802 0.1198
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Table 2- The results of FIS model for different delays

Number of Membership

Row Delay Function [Inputs Output] Epoch Number RMSE MAPE MAE
1 [1] [2 7] 22 0.2090 0.7945 0.1365
2 [2] [2 9] 24 0.3106 1.1255 0.2023
3 [3] [2 9] 35 0.3780 1.3834 0.2483
4 [1 2] [4 3 4] 709 0.2251 0.8523 0.1537
5 [2 3] [4 3 4] 709 0.3308 1.2309 0.2214
6 [3 4] [2 3 6] 261 0.3910 1.3801 0.2488
7 [1 2 3] [6 8 5 4] 1639 0.4386 1.8732 0.3353
8 [2 3 4] [6 7 4 3] 1398 0.4375 1.9184 0.3427
9 [3 4 5] [6 8 5 1] 1636 0.4375 1.9207 0.3431
10 [1 3 5] [6 2 4 3] 1249 0.4385 1.9612 0.3498
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Table 3- The test results of ANFIS model for different delay

Row Delay Number of Clusters Epoch Number RMSE MAPE MAE
1 [1] 9 37892 0.1907 0.7792 0.1389
2 [2] 8 14282 0.2901 1.1672 0.2073
3 [3] 10 38997 0.3509 1.4348 0.2545
4 [1 2] 10 10470 0.2025 0.8685 0.1567
5 [2 3] 10 1280 0.3002 1.6870 0.3051
6 [3 4] 4 15612 0.3588 1.4038 0.2491
7 [1 2 3] 7 35263 0.1977 0.7955 0.1418
8 [2 3 4] 10 9690 0.3040 1.5730 0.2840
9 [3 4 5] 5 28155 0.3625 1.4857 0.2643

10 [1 3 5] 3 5819 0.2097 0.7919 0.1414
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Table 4- The test results of ANFIS-PSO model for different delays

Row Delay Epoch Number RMSE MAPE MAE
1 [1] 12345 0.1941 0.6917 0.1242
2 [2] 6842 0.2845 1.0964 0.1957
3 [3] 21523 0.3436 1.3451 0.2399
4 [1 2] 11362 0.1849 0.6959 0.1241
5 [2 3] 14804 0.2893 1.0895 0.1958
6 [3 4] 17618 0.3602 1.3891 0.2481
7 [1 2 3] 5223 0.1886 0.6712 0.1213
8 [2 3 4] 19652 0.2942 1.1492 0.2055
9 [3 4 5] 25161 0.3595 1.4071 0.2513

10 [1 3 5] 13284 0.1923 0.6796 0.1224
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Table 5- The best results of each model in the test step

Row Model Delay RMSE MAPE MAE
1 MLP [1 3 5] 0.1857 0.7802 0.1198
2 ANFIS [1] 0.1907 0.7792 0.1389
3 FIS [1] 0.2090 0.7945 0.1365
4 ANFIS - PSO [1 2 3] 0.1886 0.6712 0.1213
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Table 6- The Model’s ranking and model’s accuracy in testing step for each delay

Row Delay Superior Model RMSE MAPE MAE Test_Rank
1 [1] ANFIS 0.1907 0.7792 0.1389 4
2 [2] MLP 0.2829 1.1272 0.2103 7
3 [3] MLP 0.3353 1.2959 0.8050 10
4 [1 2] MLP 0.1871 0.7402 0.1326 3
5 [2 3] MLP 0.2728 1.0665 0.1909 6
6 [3 4] MLP 0.3137 1.2342 0.2202 8
7 [1 2 3] ANFIS-PSO 0.1865 0.6715 0.1238 2
8 [2 3 4] MLP 0.2708 0.953 0.1964 5
9 [3 4 5] MLP 0.3263 1.1969 0.2148 9
10 [1 3 5] MLP 0.1857 0.6684 0.1198 1
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Table 7- The Ranked Models’ prediction accuracy in Training step

Row Delay Superior Model RMSE MAPE MAE Train_Rank
1 [1] ANFIS 0.2162 0.9622 0.1431 2
2 [2] MLP 2.5939 11.8713 1.9761 10
3 [3] MLP 0.6653 3.3401 0.4956 8
4 [1 2] MLP 0.2750 1.1752 0.1721 3
5 [2 3] MLP 2.4849 11.5801 1.9111 9
6 [3 4] MLP 0.5674 2.5792 0.3898 5
7 [1 2 3] ANFIS-PSO 0.1994 0.9366 0.1397 1
8 [2 3 4] MLP 0.5848 2.6900 0.4128 6
9 [3 4 5] MLP 0.6146 3.0526 0.4597 7
10 [1 3 5] MLP 0.2831 1.3033 0.1909 4
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Figure 5- Temporal variation between measured and computed groundwater depth (a) and linear regression
relationship between measured and computed groundwater depth (b) and distribution curve of the prediction error
(c) by MLP model for delays [1 3 5]
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Figure 6- Temporal variation between measured and computed groundwater depth (a) and linear regression
relationship between measured and computed groundwater depth (b) and distribution curve of the prediction error
(c) by ANFIS - PSO model for delays [1 2 3]
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Figure 7- Temporal variation between measured and computed groundwater depth (a) and linear regression
relationship between measured and computed groundwater depth (b) and distribution curve of the prediction error
(c) by MLP model for delay [1 2]

oly Lo g Cawl Bl ialS coud 4 bl opl 0 (rdaw o Blo 4 (wyiwd oS bl i 0 b SW,b el Jlse
ool o 5 o Sl 1500 Bl sl e e o lie Sl bl oy ) Byo scilise ol Sl 3,90 O el
O 3 e SS9 bles il dtgy yobds ey O adaw 45 sl oad el lio oyl 5l cuily dBlSl g Baes g Bues dow
ol 3 25 e ol Jsol 4 il 5 Ol @lio 0j9> 53 (e e w)le Ko @l g |y U oy o Wk sl
Orda i) b JLSiis 8l cou aS )b bl (B0 i 50 s () Gl S bl b s3game gl adlllas
ot W sl 4S8 IS g sy 2090 bl 428 |y g BB o5 89y o] 0 ol s g 03 Lt cow
ot 5 Medsn sl ie L dwlie Lol Bun sy o] Sl @S @SS g iein o Gas Sllug nte
i (MLP) 0¥ s g 5imp (omas 45w sla g, 5l addllas opl 5 ol odgs 4a5 do pgd B lgicds ey o Gos
Silwdinte (09 9 (sras— ) gl s (55 gy 5 (ANFIS) ok (a6 glutul piuge (FIS) (556 gluza
Sl b b oS i (gl Jae a5 51 ol 00 o0litl ineipj o Bos Gllwg (sjlwand <l (ANFIS-PSO) )3 alss;l
dloye > 85 oyt b Jhe o cdgyie Sloj 38V (el oad plsl (sa45, b Loles a8 @dly (biael 290 glite Sloj

iS5 Ol 390 9]
0595 w09 olgicds ANFIS-PSO (sla 39, 4 (3laio 45 3590 93 3l uf 3)lge ooled 3 MLP 39, 4 sly )Lis sdel cawday zuls
3 300 sl Jie 4 Cans (gpicwlio ol o LI a5l conl atly cliius 385 (bo) yeeyles leicas ANFIS o 3.8
51 oolaiwl Byl 2l &S Cuwl Caumdly cpl (sboS Clae pl bl ALBlS deng Lzao] o2 sty BB ols cuwl (Sae Ly DS
L «oJl Navale and Mhaske (2023) Lawg doecs (pe bl il p 3 1) (65385 gls Slg o (gl 5 godlw sba i,


https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.3.5
http://jircsa.ir/article-1-511-fa.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1402.11.4.3.5]

Y e Sowigd (S Je I 03wl b due 515 ST Gos ©llwed (gt vl

Slallas 5l Sy 0 &S ol S5 @ p5Y cawl oas Jols ANFIS o MLP (cla Juo (cly odel Camnddts B>y dng bl alols
ol Jae o] Gins abai lgieas ( bige] (sl Sloj (gm0 5D 5 SYsb (laodls 4 la Jae ;L5 (Pablo Péliz Larrea et al., 2021)
b ogyepl 5yl (g5 ools & 5Ls a8 5,5 0 8 Cuglsl o e ‘ub&»l.w» hH L Je 93 duslio ;0 (bl pl p .l oni
o> 353 e Sl 5555 005 b & 5 Jg1 6 pgm Jao 31 e o el cpl )3 005 By i Jao A gl
a3 e ol 35 S g8 slafogel oy S oo ) o (26 4l 9) oS 85 Gy &5 0,5 o )8 VL Case )3 pges Juo
A (Y g ) Ad)) odd SO uas aSid Jde 93 )0 40 sbds )by J1E Y eSS oS Cumdy o il lacuns b Jde dw &S
4 Gl H8 0 edls wopd FY (gl alyd pbajl uac (5B 0S5 Jde slp g odld Mo > FO 4 Bl Candy opl iy
i S plbs edls woyd Ar 5l i oS b L ol cpines Caol S5 wyly uesd i oS blas gly les ojlul le
MLP ) ouis odlatwl o Jdo sl bt Glapo nSke Hio (asls alls Zarafshan (2023) .lawsly cw e ) e Slo Ve
& yeb len Casl $5 5 il pils dalllas b duslio (> &S 353905 pMel +/A—+/AF o3gu5t0 ;5 |) 395 adlllas ;> (and ANFIS
sl Jsb o Jo s sla ol 5l S o5 380 2ol Jaas Can U Cul odd xw dalllao () jo s o)ldl ot (slayico o
Clsx e 4 e o5 1) yell oS 5 e LSS w)sNl o (b Wlgn Jae B g (Byme el Opsodr da i
Gr Sy Jhe sl ploj SSpsba o) (g LB cadgizs e sl (loj slai Sl paly cul les el 3550
2 giie O ygods (65 i sbyialb ST g amd o il celo ¥+ b Intel® Core ™ 17 — 4700 MQ CPU @ 2.4 GHz 5
gl 5 n Jao o oo Sl e 5 39 o Slaisiy 1) o G ey S iy £ o b Il oo g 8,5 5
g el ) g3 ol ke (B @y b e s sl sl S (S 5o 5l ke 53505 syl Bl it
25 oxlj gaw & by 35 9 555 w2 pogadar g Ol dapd ()b dal ol jiehly (Sloj (g SleMbl Sl 45 395 e
5 o o,Lil oy 0y93 1 lesel st wlul Jalge 51 (SO olgied ((Jon] canliiol oS (o65] 4 dv g5 L) &V guae S
e S5 sl (080 g D) ol loj @lpsl bld b g dges oslitwl oSk (sla o 4 (63959 Can oo oyl

D903 e e @GS 3 ) el )l ol (618,50

M1 Ol Yo

8,8 algs L5 LA 5 Jstie sdiu g b aslSe )b 5l imgd cpl 50 o edlatul ol 5 laools (L0315 4y o yiawd

<8l Jlo el )l 5 Jlomalog il (65,5l Slea glojles jl 5 0ad ploxl (ol (Slados ofgn B ) (iagg cnl i Jle Colos
Gl 03903

Lyd pgd odiwng 0ygliie j dCuand I (B ) g wsb i dlie ol lagise pld )5 sl e ube 10 Num gl &5 L
Gl o o0\l (£,

55 g ol gl 5 s i) g 5l ogas )3 i S 43S um 45 Bfs o pel s 1yl S bt 105 Shanns g @ilio 3L
o 00555 1 ccoansl 0ib 031> )3 lie 0555 b 3 g (g ylaen Lud (o s Sl o3 bauwgs llio yl (5,55 e s 3)90 leMbl 26 4135wl

Slas J0)8 oaad pl 0GB ao wline 5 (gdudien edige ublﬁl Slosj 31 b Wy o p5Y 295 5

&l

Sl Sage Jdd L ANFIS oS5 (b)) (IYAY) jus o )l5 5 3L (Ko ol b guly 0ljyald le agpuisial
doi:10.29252/jwmr.9.18.56 05— (VAR «1su/ 0> Cupito doliiing s . uoip O pdaw (w9 (55luddo

iy ol e npte 0 Sage as 4SS Jlo 2y (V1 0) Lol 5 g e aflpai e 03y 5 Y
d0i:10.22034/HYDRO.2021.9403 A-\Y (M «sialbiipmted (sl coliany) sliasl 6350 alllne)

Oedle sl s 1 odlitl b (gsej s Of o lblogs (3lodend (WAR) dodma gl g o lilogl ((sape o ey Y

doi: A¥Y-0F (V)Y )/ iSe) L;)ég[.(A.él)o Cubd 163y50 Adlllas) Ldnlel uac— 3 plitel piaww 5 olaids by
20.1001.1.20087942.1399.14.3.18.5

1 Underestimation


http://dx.doi.org/10.29252/jwmr.9.18.56
https://doi.org/10.22034/hydro.2021.9403
https://dorl.net/dor/20.1001.1.20087942.1399.14.3.18.5
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.3.5
http://jircsa.ir/article-1-511-fa.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1402.11.4.3.5]

(VEY Y sl o o)les) 3yb 5] Zgbaw gLadilolus

A

doi: 10.22059/1JSWR 2021.323558.668970 Y\ V\-Y\YY (AY . /! ST 5 ] colisdiog pudily s LS5, oo

Oas swodigo oin; O o (0639 (ndle 650k g8 sdymn Jao (VFer) yuol (bl g dgrd g
http://mcej.modares.ac.ir/article-16-48068-fa.ntml .Vo-AA (FIVY ¢t

doi: 20.1001.1.17352347.1399.16.3.17.5 .Y¥0 — Y&F (Y)\#

b @lie s)lbjl 5 @0 dpag)l (b e > el ras — 658 izl Slobo Sl odlisl b osd g g 5,8 Ll
doi: 10.22059/jrwm.2022.342436.1658 AF-FV\ (¥) V2 .o

5 oslitil b og)8 s e 53 Joosler szl (ejs of el o oty (VF0)) o csny ol g el ¢ Saglls

doi: NSY-WO (VIS (oom)l8 wlid o) el (slodisl L olaidy by bl 5 Ssuas uas 4SS
10.22084/NFAG.2021.23954.1461

o oortige Ol oyl B 9 Od e Glsl bosg 2> OIS wbe o sty (silusisre 2 (GA) oSl o ilo slad e,
YN VY (V)Y Dl 5] ot 5

Tl s 9 (a8 o Jloj sy sade 3,8os (b5 (VWAF) 3l )3 s c(sgmge 5 o (o) (uaye cololo

=VA (Y)¥Y cd}ég/’w.l«:e,o;f}[c sliows St g o8] 16090 dalllas) wlidlen JWSis dw i 50 B — oouas
doi: 10.22055/JI1SE.2017.17729.1283 .\

@ b hwgie 5 09 Sl lgie Ol Sloj g silodde (W) Lo cnjy )i 9 @l (B g (o
syl paiidi 58 5 pale (o)) a5 GPS Lol oK) 1 ol adllles) j 5l (g5 uae glitol piwws (o33 g, (655,
M=) (A)F

YWY (YWY o] podigo 5 Cangs oo (S 5951 Job5 b )b s i < (ANFIS-HHO) o yn cpalis s y9 S
doi: 10.22034/jewe.2021.254271.1447 ¥ ¥ —

ol )l asb bl (lhen—Kinl 348 cuds (6390 anlllan) uejy; O 15 Sl gy awyy (VF)) Lo yten ¢ wgglS
Ao AR L le&?‘f oKisls .\_u.s)l

039 {ANFIS) (il s 53 glial (slo gy duslie (M) Jbsthol 95005 (ol 5 ey cisbogs «500 )5
‘(\)5' « 839555 .(Ol':.wa)f Ol o Mad Cubd 16390 A:JUa.n) ol Taw (pess ) Jol o 5 Alold weSo (2
doi: 10.22059/1JE.2018.264081.937 .0\-5¥

o3> sj9al ANFIS S 5 (sla o j odliwl b 4iljgy (o, omess (Vo) e S50 9 «oSL3 «(659,8l chasro w0dljins

doi:  YOO-YEY (Y cof pwdkigo 5 Cuw) Lo . JolSS (slapin ;68 9 (65 C (cla pnSibe (cavadss bg, b o
10.22034/jewe.2021.237529.1376

References

)

Y

AY

NY

N

1. Azimi, H., Bonakdari H., Ebtehaj, 1., & Michelson, D.G. (2018). A combined adaptive neuro-fuzzy
inference system-firefly algorithm model for predicting the roller length of a hydraulic jump on a rough

channel bed. Neural Computing and Applications, 29(6), 249-258. doi: 10.1007/s00521-016-2560-9.

2. Bazrafshan, O., Ehteram, M., Dashti Latif, S., Feng Huang, Y., Yenn Teo, F., Najah Ahmed, A., & EI-
Shafie, A. (2022). Predicting crop yields using a new robust Bayesian averaging model based on multiple
hybrid ANFIS and MLP models, Ain Shams Engineering Journal, 101724(13), 1-21.

doi:10.1016/j.asej.2022.101724.

3. Ehteram, M., Yenn Teo, F., Najah Ahmed, A., Dashti Latif, S., Feng Huang, Y., Abozweita O., Al-Ansari,
N., & El-Shafie, A. (2021). Performance improvement for infiltration rate prediction using hybridized
adaptive neuro-fuzzy inferences system (ANFIS) with optimization algorithms. Ain Shams Engineering

Journal, 12, 1665 — 1676. doi:10.1016/j.asej.2020.08.019.


https://doi.org/10.22059/ijswr.2021.323558.668970
http://mcej.modares.ac.ir/article-16-48068-fa.html
https://dorl.net/dor/20.1001.1.17352347.1399.16.3.17.5
https://doi.org/10.22084/nfag.2021.23954.1461
https://doi.org/10.22055/jise.2017.17729.1283
https://doi.org/10.22034/jewe.2021.254271.1447
https://lib.basu.ac.ir/faces/search/bibliographic/biblioFullView.jspx?_afPfm=1bg9eq55eh
https://doi.org/10.22059/ije.2018.264081.937
https://doi.org/10.22034/jewe.2021.237529.1376
https://doi.org/10.22034/jewe.2021.237529.1376
https://link.springer.com/article/10.1007/s00521-016-2560-9
https://doi.org/10.1016/j.asej.2022.101724
https://doi.org/10.1016/j.asej.2020.08.019
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.3.5
http://jircsa.ir/article-1-511-fa.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1402.11.4.3.5]

£4

e Sowigd (S Je I 03wl b due 515 ST Gos ©llwed (gt vl

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Eskandari, A., Faramarzyan yasuj, F., Solgi, A., & Zarei, H. (2019). Evaluation of Combined ANFIS with
Wavelet Transform to Modeling and Forecasting Groundwater Level. Journal of Watershed Management
Research, 9(18), 56-69. doi: 10.29252/jwmr.9.18.56 [In Persian]

Fadhil, N. S. (2022). Using ARIMA model and neuro-fuzzy approach to forecast the climatic temperature
in Mosul-Irag. International Journal of Nonlinear Analysis and Applications, 13(1), 2911-2920. doi:
10.22075/1INAA.2022.6023

Faizi, R., Vosoughi, B. & Ghaffari Zarin, M. (2019). Modeling the time series of changes in the total
electron content of the ionosphere using the numerical method of adaptive neural-fuzzy inference system
(Case study: Permanent Station of Tehran GPS). Journal of Geomatics Science and Technology, 4(8),109-
119. [In Persian]

Ghafoor, H., Umer, R., Muhammad, J., Rauf, Z., Ali, F. & Shahwani, M. N. (2023). Predicting groundwater
levels at Colorado State of USA using ARIMA and ANN models. Preprints, doi: 10.20944/Preprints2-
02306.0085.v1

Ghordoyee Milan, S., Bahmani, S., Salimi, H., & Gorbani, M. A. (2020). Development of a hybrid adaptive neuro
fuzzy inference system-Harris Hawks optimizer (ANFIS-HHO) Model to predict soil cation exchange capacity.
Environment and Water Engineering, 7(2), 304-317. doi: 10.22034/jewe.2021.254271.1447. [In Persian]

Haghighi Fashi, F., Sharifi, F., & Kheirkhah M. (2019). Adaptive neuro fuzzy inference system approach
for developing soil water retention pedotransfer functions in flood spreading areas. Journal of Soil and
Water Conservation, 74 (2), 180-187. doi:10.2489/jswc.74.2.180.

Howard, C.C., Etuk, E.H., & Howard, I. C. (2022). Evaluation of auto regressive integrated moving average
(ARIMA) and artificial neural networks (ANN) in the prediction of effluent quality of a wastewater
treatment system. Global Journal of Pure and Applied Sciences, 28(1), 83-90. doi:10.4314/gjpas.v28i1.10.
Jafari, M.M., Ojaghlou, H., & Zare, M. (2020). Groundwater level fluctuation simulation using support
vector machines and adaptive neuro fuzzy inference system (Case study: Maragheh Plain). Iranian Journal
of Irrigation and Drainage, 3(14), 942-956. doi: 20.1001.1.20087942.1399.14.3.18.5 [In Persian]
Jalalkamali, A., & Sheykhbahaei, A. (2022). Modeling of groundwater salinity on the Persian Gulf coastal
plain by using linear moments and ANFIS-PSO. International Journal of Coastal, Offshore and
Environmental Engineering, 7(3), 43-49. doi: 10.22034/ijcoe.2022.155143.

Jamalvandi, A., Yaghoubi, B., Izadbakhsh, M.A., & Shabanlou, S. (2021). Optimization of ANFIS Network
to Simulate Long Term Rainfall in Babolsar City. Iranian Journal of Soil and Water Research, 52(8), 2111-
2123. doi:10.22059/1JSWR.2021.323558.668970. [In Persian]

Jang, J-SR. (1993). ANFIS: adaptive-network-based fuzzy inference system. IEEE Transactions on Systems
Man and Cybernetics, 23: 665-685. doi: 10.1109/21.256541.

Kaur, J., Singh, S., Parmar, K. S., & Soni, K. (2023). Development of a mathematical model to forecast
black carbon concentration using ARIMA and soft computing. Arabian Journal of Geosciences, 16(4), 258.
doi:10.1007/s12517-023-11321-4.

Kavousi, A.R. (2022). Investigating the trend of groundwater level changes (Case study: Kabudar Ahang
plain, Hamadan Province). Master thesis of Bu- Ali Sina University, 99 pages. [In Persian]

Robati, A. (2021). Hybrid Learning Machine Metaheuristic Model for Estimating Groundwater Level
Level. Modares Civil Engineering journal, 21(4), 75-88. http://mcej.modares.ac.ir/article-16-48068-fa.html
[In Persian]

Kisi, O. (2009). Evolutionary fuzzy models for river suspended sediment concentration estimation. Journal
of Hydrology, 372(1-4), 68-79. doi:10.1016/j.jhydrol.2009.03.036.

Kord, M., Yuosefi, N., & Novinpour, E.A. (2019). Comparison of adaptive Neuro-Fuzzy inference system
(ANFIS), inverse distance weighting and geostatistics methods for estimating the water table (Case Study:
Dehgolan Plain, Kurdistan Province). Iranian Journal of Ecohydrology, 6(1), 51-64. doi:
10.22059/1JE.2018.264081.937 [In Persian]

Meenakshi, P., & Ambig, K. (2022). Prediction of the water quality index using ANFIS modelling. Journal
of Pharmaceutical Negative Results, 13(3), 1289-1298. doi:10.47750/pnr.2022.13.503.202.

Najafzadeh, M., Afroozi, D., & Barzkar, A. (2021) Daily rainfall estimation using ANFIS combination
models trained by clustering of fuzzy c-means and evolutionary algorithms. Environment and Water
Engineering, 7(2), 255-267. doi:10.22034/jewe.2021.237529.1376 [In Persian]

Navale, V., & Mhaske, S. (2023). Artificial neural network (ANN) and adaptive neuro-fuzzy inference
system (ANFIS) model for Forecasting groundwater level in the Pravara River Basin, India. Modeling
Earth Systems and Environment, 9(2), 2663-2676. doi: 10.1007/s40808-022-01639-5.

Nayak, P.C., Sudheer, K.P., Rangan, D.M., & Ramasastri, K.S. (2004) A neuro-fuzzy computing technique for
modeling hydrological time series. Journal of Hydrology, 291(1-2), 52-66. doi: 10.1016/j.jhydrol.2003.12.010.
Paliz Larrea, P., Zapata-Rios, X., & Campozano Parra, L. (2021). Application of neural network models
and ANFIS for water level forecasting of the Salve Faccha Dam in the Andean Zone in Northern Ecuador.
Water, 2-17, 13, 2011. doi: 10.3390/w13152011.


https://doi.org/10.29252/jwmr.9.18.56
https://doi.org/10.22075/ijnaa.2022.6023
https://doi.org/10.20944/Preprints2-
https://doi.org/10.22034/jewe.2021.254271.1447
https://dorl.net/dor/20.1001.1.20087942.1399.14.3.18.5
https://doi.org/10.22059/ijswr.2021.323558.668970
https://doi.org/10.1109/21.256541
https://doi.org/10.1007/s12517-023-11321-4
http://mcej.modares.ac.ir/article-16-48068-fa.html
https://ui.adsabs.harvard.edu/link_gateway/2009JHyd..372...68K/doi:10.1016/j.jhydrol.2009.03.036
https://doi.org/10.22059/ije.2018.264081.937
https://doi.org/10.47750/pnr.2022.13.S03.202
https://www.jewe.ir/?_action=article&au=821409&_au=Mohammad++Najafzadeh&lang=en
https://www.jewe.ir/?_action=article&au=762798&_au=Diako++Afroozi&lang=en
https://www.jewe.ir/?_action=article&au=851569&_au=Ali++Barzkar&lang=en
https://www.jewe.ir/article_122860_d5a7bae44b35b5b23ba39822eb3c3747.pdf?lang=en
https://www.jewe.ir/article_122860_d5a7bae44b35b5b23ba39822eb3c3747.pdf?lang=en
https://doi.org/10.22034/jewe.2021.237529.1376
http://dx.doi.org/10.1007/s40808-022-01639-5
https://doi.org/10.1016/j.jhydrol.2003.12.010
https://doi.org/10.3390/w13152011
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.3.5
http://jircsa.ir/article-1-511-fa.html

[ Downloaded from jircsair on 2026-01-30 ]

[ DOR: 20.1001.1.24235970.1402.11.4.3.5]

(VEY Y sl o o)les) 3yb 5] Zgbaw gLadilolus 0.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

R. Kaloop, M., M.M. Yousry, O., Samui, P., M. Y. Elshikh, M. & Wan Hu, J. (2021) Hybrid-ANFIS
approaches for compressive strength prediction of cementitious mortar and paste employing magnetic
water. Smart Structures and Systems, 27(4), 651-666. doi: 10.12989/ss5.2021.27.4.651.

Sadeghian, M., Karami, H., & Mousavi, S.F. (2020). Evaluating the performance of time-series, neural
network and neuro-fuzzy models in prediction of meteorological drought (Case study: Semnan Synoptic
Station). Journal of Irrigation Sciences and Engineering, 43(2), 1-18. doi:10.22055/JISE.2017.17729.1283.
[In Persian]

Sarkar, J., Prottoy, Z.H., Bari, T., & Al Faruque, M.A. (2021). Comparison of ANFIS and ANN modeling
for predicting the water absorption behavior of polyurethane treated polyester fabric. Heliyon, 7: 121-134.
doi: 10.1016/j.heliyon.2021.e08000.

Shalodegi, A. & Byzedi, M. (2022). Predicting the groundwater level of Chahardoli aquifer in Qorveh city
using artificial neural network and support vector machine. New Findings in Applied Geology, 16(21), 163-
175. doi:10.22084/NFAG.2021.23954.1461 [In Persian]

Sheidaei Narmigi, A., Rahnama roodposhti, F. & Radfar, R. (2022). Adaptive neural inference system
(ANFIS) and grid matrix (GA) Strategies Approach in Optimizing the Investment Portfolio in Tehran Stock
Exchange and OTC Iran. Financial Engineering and Portfolio Management, 52(3), 121-142. [In Persian]
Slieman, A.A., & Kozlov, D. (2023). Verification of MIKE 11-NAM Model for runoff modeling using
ANN, FIS, and ARIMA methods in poorly studied basin. In E3S Web of Conferences (401:01035). EDP
Sciences.

Souri, M., Eftekhari, A., Ghorbani, Z., & Kamali, N. (2022). Prediction of some chemical properties of
rangeland soils under exclosure and grazed conditions using adaptive fuzzy-neural inference system in
Ghoshchi rangelands of Urmia. Journal of Range and Watershed Management. 75(3), 471- 484.
d0i:10.22059/jrwm.2022.342436.1658. [In Persian]

Suparta, W., & Abu Samah, A. (2020). Rainfall prediction by using ANFIS times series technique in South
Tangerang, Indonesia. Geodesy and Geodynamics, 11, 411 —417. doi:10.1016/j.ge0og.2020.08.001.

Torabi Podeh, H., Nasrolahi, A., & Dehghani, R. (2021). Application of wavelet neural network model in
prediction of groundwater resources (Case Study, Lorestan Province, Iran). Hydrogeology, 6(1), 1-12.
d0i:10.22034/HYDRO0.2021.9403 [In Persian]

Zarafshan, P., Etezadi, H., Javadi, S., Roozbahani, A., Hashemy, S.M., & Zarafshan, P. (2023). Comparison
of machine learning models for predicting groundwater level, case study: Najafabad region. Acta
Geophysica, 71(4), 1817-1830. doi: 10.1007/s11600-022-00948-8.

Zeinalie, M., Ansari Ghojghar, M., Mehri, Y., & Hosseini, S.M. (2020). Evaluation of the combination of
optimization algorithms and adaptive fuzzy-neural inference system compared to time series models in
groundwater level estimation. Iran-Water Resources Research, 16(3), 245-256. doi: 20.1001 .1.17352347
.13 99.16.3.17.5 [In Persian]


https://doi.org/10.22055/jise.2017.17729.1283
https://doi.org/10.1016/j.heliyon.2021.e08000
https://doi.org/10.22084/nfag.2021.23954.1461
https://doi.org/10.1016/j.geog.2020.08.001
https://doi.org/10.22034/hydro.2021.9403
https://dorl.net/dor/20.1001.1.17352347.1399.16.3.17.5
https://dorl.net/dor/20.1001.1.17352347.1399.16.3.17.5
https://dor.isc.ac/dor/20.1001.1.24235970.1402.11.4.3.5
http://jircsa.ir/article-1-511-fa.html
http://www.tcpdf.org

