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1- SARIMA

2- Ensemble Empirical Mode Decomposition (EEMD)
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Table 1. Hydrological characteristics of Rasht Station
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Figure 1. Geographical location of study area
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2- Autocorrelation function
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Figure 9. Statistical indices for precipitation results simulated by different WANFIS models


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

bl domao g aasns S92 ¢ Sarjliged panl ]

Y.y Cudy e e 3Ly )b (ilwand gl Soge i 3l eslitwl L ANFIS aSis (g jlwaigs
400 e o« Observed . S L 7
w—Prodicted § = . . :.
300 X o o/s
g ' . *
= B0 b7,
Zo00 |, § : ki | ¢ 1t
: [» . ’ .« - 4
= h ¢ ; :lxu ../3::0 .
8 I " B . | 0
100 H 313 : : | o3
3 . 2 R ., .
. : il N 2 "
0 e LY s . ]
0
0 50 1040 150 200 250 0 90 M0 360 450

Experiment number (month)

180 2
Ramfall- Observed (aw)

$p WANFIS Jao sly osis (gilwans b Slalie i)l dwslis =V IS5
Figure 10. Comparison of observed precipitation with values simulated by superior WANFIS model

WANFIS 8 o 505 b o 55 b yd s 355550 5 5
caB by )l polie wd slelis yyp Jde lasay oS
cops plie (Jlie lysdr 2ged (gilwdnd wle
i S5 Fp S slp 0Shes adld 5 (Sten
S s U cpioren el Cowday AY/YVY 5 +/A8Y (s5luo
Sl Lydb (n s plgisa (t12) 5 (3) (t-2) (t-1)
WANFIS Juo lawgi cudy jaud Sde jhd (Sa)b eess
LA Byxe

Sli o gloodly giluand (gl & 390 oy
Se)osl plo b Sage fad oS5 5l G5k Ggren
Caplo wydd bad cpl 1y o6 oolaiwl cgume oo
WS oo Jebos g 35 oy 0l Jleg ol Sloj oy
ol Mo LB JSSa g 1) gileand <85
Y

P GOl ileand & 39 ol b Ll
ool 03 plol 35 ino ) )l Loy ola cilisis
> Slej el S cudy b G5k ey sile e L
68,55 plol egine igh S5 Jo Sy g o
iwo)b slodly oy (s Cunle 4 d g b Yool Ll
2 ok 0> drwgl couas yign Jho dSles dunlio
Esman ghen i b awlie LB ok ddles
500 (e lp bt ple lwg ok edlatsl
ROWREVRUEN LY

5P Jhe cB b dasde o5 bl il pl
sudw ANFIS Juo 5l pay BB IS5 & (WANFIS)
Sw sodly swyda Soge g 500 Ojledy Ll
03905 Jobod g o Iy cudy o e Sl Bk Sl
ol 08y 3900 0 1y ANFIS Jue 8 4 sl
RESOLE N

Cool 5l ol @M 53 G5k Glise (055 5 (Silodned
Sloj s glaoaly slllas oyl > sl oyt ol
Jlo 1 dle Y ol SO 0 ey pd oo s Gk
S 9 ANFIS Juo bwg dilale & ygods \YAZ B AYYY
s ANFIS Jio uS'35) WANFIS adlaigy oS 5 Jdo
¥Y) ui';)’}a] Awd 93 &y odly . (gjlwand (Sogo Jis
5 o Ny S b dad eped (Jlo V) o903l 9 (Sl
A5 3 93 b ply el Jae Cogas @l dingg ol Las
P COO-S PES S L R PRV OV S W R
AW G:L.:L.w u’l") S ol dl.m)»b prPee
Sage o3l slacl 4lS qwyp b & sl D4 )Y
Ly doldl 13 a5 Byre diy jole Soge leicay demy
sl gy 51 S gl Gl Jde cud s Ul
e auglie 13,5 Gy WANFIS 5 ANFIS
&b jolis LS5 Jae o b Lis WANFIS 5 ANFIS
0,80as Sogo Jdd 505 wesd (e B L 1) Cua
b disy dge w2y JB S35 4 | ANFIS Ja
oo egion igp sl Jie &S @l Lo 5 40

&l

. Baba Ali, H. and R. Dehghani. 2017. Comparison of intelligent models in estimating monthly

precipitation of Kaka Reza. Ecology, 4(1): 1-11.

. Khalili, N., S.R. Khodashenas, K. Davary, M.M. Baygi and F. Karimaldini. 2016. Prediction of

rainfall using artificial neural networks for synoptic station of Mashhad: a case study. Arabian Journal
of Geosciences, 9(13): 624.

. Ghorbani, M., A. Azani and S. Mahmoudi Vanolya. 2015. Rainfall-Runoff Modeling Using Hybrid

Intelligent Models. Iran-Water Resources Research, 11(2): 146-150 (In Persian).

. Akrami, S.A., V. Nourani and S.J.S. Hakim. 2014. Development of nonlinear model based on

wavelet-ANFIS for rainfall forecasting at Klang Gates Dam. Water resources management, 28(10):
2999-3018.

. Azad, A., M. Manoochehri, H. Kashi, S. Farzin, H. Karami, V. Nourani and J. Shiri. 2019.

Comparative evaluation of intelligent algorithms to improve adaptive neuro-fuzzy inference system
performance in precipitation modeling. Journal of Hydrology, 571: 214-224.

. Chang, T.K,, A. Talei, C. Quek and V.R. Pauwels. 2018. Rainfall-runoff modelling using a self-reliant

fuzzy inference network with flexible structure. Journal of hydrology, 564: 1179-1193.


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

Blad demo 5 (298 9,00 (Snjlited el
Y.y Voo hamej g b IV o)l /om3jlgs Jlo 50l 0j9> o pte dolidmgts

7. Danladi, A., M. Stephen, B.M. Aliyu, G.K. Gaya, N.W. Silikwa and Y. Machael. 2018. Assessing the
influence of weather parameters on rainfall to forecast river discharge based on short-term. Alexandria
Engineering Journal, 57(2): 1157-1162.

8. Dabral, P.P. and M.Z. Murry. 2017. Modelling and forecasting of rainfall time series using SARIMA.
Environmental Processes, 4(2): 399-419.

9. Jang, J.S 1993. ANFIS: adaptive-network-based fuzzy inference system. IEEE transactions on
systems, man, and cybernetics, 23(3): 665-685.

10. Kumar, N and G.K. Jha. 2013. A time series ANN approach for weather forecasting. Int J Control
Theory Comput Model (IJCTCM), 3(1): 19-25.

11.Lee, S., S. Cho and P.M. Wong. 1998. Rainfall prediction using artificial neural networks. Journal of
geographic information and Decision Analysis, 2(2): 233-242.

12. Mekanik, F., M.A. Imteaz and A. Talei. 2016. Seasonal rainfall forecasting by adaptive network-based
fuzzy inference system (ANFIS) using large scale climate signals. Climate dynamics, 46(9-10): 3097-
3111.

13.Mehr, A.D., V. Nourani, V.K. Khosrowshahi and M.A. Ghorbani. 2019. A hybrid support vector
regression—firefly model for monthly rainfall forecasting. International Journal of Environmental
Science and Technology, 16(1): 335-346.

14. Mendel, J.M. 2001. Uncertain rule-based fuzzy logic systems: introduction and new directions.
Prentice.

15.Mislan, H., S. Hardwinarto and M.A. Sumaryono. 2015. Rainfall monthly prediction based on
artificial neural network: a case study in Tenggarong Station, East Kalimantan-Indonesia. Procedia
Computer Science, 59: 142-151.

16. Nagahamulla, H.R., U.R. Rathayake and A. Ratnaweera. 2012. An ensemble of artificial neural
networks in rainfall forecasting. In Advances in ICT for Emerging Regions (ICTer), 2012
International Conference on (176-181). IEEE.

17. Nasseri, M., K. Asghari and M.J. Abedini. 2008. Optimized scenario for rainfall forecasting using
genetic algorithm coupled with artificial neural network. Expert Systems with Applications, 35(3):
1415-1421.

18. Nourani, V., M.T. Alami and M.H. Aminfar. 2009. A combined neural-wavelet model for prediction
of Ligvanchai watershed precipitation. Engineering Applications of Artificial Intelligence, 22(3): 466-
472.

19. Nozari, H. and F. Tavakoli. 2019. Evaluation of the Efficiency of Linear and Nonlinear Models in
Predicting Monthly Rainfall (Case Study: Hamedan Province). Journal of Watershed Management
Research. 10 (20): 1-12 (In Persian).

20.Purnomo, H.D., K.D. Hartomo and S.Y.J. Prasetyo. 2017. Artificial neural network for monthly
rainfall rate prediction. In 10P Conference Series: Materials Science and Engineering (180(1):
012057). IOP Publishing.

21. Shafaei, M., J. Adamowski, A. Fakheri-Fard, Y. Dinpashoh and K. Adamowski. 2016. A wavelet-
SARIMA-ANN hybrid model for precipitation forecasting. Journal of Water and Land Development,
28(1): 27-36.

22.Toth, E., A. Brath and A. Montanari. 2000. Comparison of short-term rainfall prediction models for
real-time flood forecasting. Journal of hydrology, 239(1-4): 132-147.

23. Valipour, E., M.A. Ghorbani and E. Asadi. 2020. Rainfall Network Optimization using Information
Entropy and Fire Fly Algorithm Case Study: East Basin of Urmia Lake. Journal of Watershed
Management Research, 11(21): 11-23 (In Persian).

24.Wong, K.W., P.M. Wong, T.D. Gedeon and C.C. Fung. 1999. Rainfall prediction using neural fuzzy
technique. URL: www. it. murdoch. edu. au/~ wong/publications/SIC97. pdf, 213-221.

25.Wong, K.W., P.M. Wong, T.D. Gedeon and C.C. Fung. 2003. Rainfall prediction model using soft
computing technique. Soft Computing, 7(6): 434-438.

26.Xiang, Y., L. Gou, L. He, S. Xia and W. Wang. 2018. A SVR-ANN combined model based on
ensemble EMD for rainfall prediction. Applied Soft Computing, 73: 874-883.

27.Yaseen, Z.M., M.l. Ghareb, I. Ebtehaj, H. Bonakdari, R. Siddique, S. Heddam and R. Deo. 2018.
Rainfall pattern forecasting using novel hybrid intelligent model based ANFIS-FFA. Water resources
management, 32(1): 105-122.


http://dx.doi.org/10.52547/jwmr.12.24.193
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.2.9
https://jwmr.sanru.ac.ir/article-1-1028-fa.html

[ Downloaded from jwmr.sanru.ac.ir on 2025-11-09 ]

[ DOR: 20.1001.1.22516174.1400.12.24.2.9 ]

[ DOI: 10.52547/jwmr.12.24.193 |

Journal of Watershed Management Research, Vol. 12, No.24, Autumn and Winter 2022 ..........cccoitiiiiiiininiiiniiniiienen. 204

Optimization of ANFIS Network using Wavelet Transform for simulation of Long
term Rainfall of Rasht City

Ebrahim Shahbazbeygy®, Behrouz Yaghoubi? and Saeid Shabanlou®

1- Department of Water Engineering, College of Agriculture, Kermanshah Branch, Islamic Azad University,
Kermanshah, Iran
2- Assistant Professor, Department of Water Engineering, College of Agriculture, Kermanshah Branch, Islamic Azad
University, Kermanshah, Iran, (Corresponding Author: behrouz.yaghoubi.h@gmail.com)
3- Associate Professor, Department of Water Engineering, College of Agriculture, Kermanshah Branch, Islamic Azad
University, Kermanshah, Iran
Received: 30 Jun, 2019 Accepted: 7 April, 2021

Extended Abstract

Introduction and Objective: Estimation and forecasting of precipitation pattern in different
parts of the world, especially in arid and semi-arid regions such as Iran is very important. In
addition, various numerical methods such as artificial intelligence methods due to high accuracy
and speed have the ability to simulate the phenomenon of precipitation and similar subjects. The
use of these techniques plays an important role in saving time and costs in field and laboratory
studies. Therefore, the application and popularity of various artificial intelligence techniques to
estimate and simulate different issues such as rainfall is increasing day by day. The purpose of
this study is to estimate the long-term rainfall in Rasht by a hybrid ANFIS and wavelet
transform model.

Material and Methods: In this study, long-term rainfall of Rasht city was simulated using an
optimum artificial intelligence model for a 62 years period from 1956 to 2017. In other words,
the wavelet transform was utilized to enhance the performance of the ANFIS model and hybrid
WANFIS (Wavelet-ANFIS) model was defined. Firstly, the effective lags of time series data
were detected through the autocorrelation function (ACF). Then, using the lags, eight models
were developed for each ANFIS and WANFIS model. It should be noted that 42 years data was
applied for training and 20 years data to test the artificial intelligence models. Next, the number
of optimal membership functions of ANFIS model was selected equal to two.

Results: results of ANFIS 1 to ANFIS 8 were evaluated. Additionally, different mother
wavelets were examined to optimize the ANFIS model. This means that the demy was
introduced as the best mother wavelet for increasing the performance of the ANFIS model. The
comparison between ANFIS and WANFIS models signified that the wavelet transform
enhanced the performance of the ANFIS model. Also, results of the hybrid WANFIS models
were analyzed, indicating that WANFIS 8 was the superior model. The model estimated the
rainfall with an acceptable accuracy. For instance, the R, MARE and RMSE for the superior
model were computed 0.961, 0.855 and 24.510, respectively. Additionally, the values of VAF
and NSC for this model were respectively estimated as 92.273 and 0.913.

Conclusion: Results showed that (t-1), (t-2), (t-3) and (t-12) were identified as the most
influenced lags for estimation of long-term rainfall of Rasht city using the hybrid WANFIS
model.

Keywords: ANFIS, Long-term rainfall, Optimization, Rasht city, Simulation, Wavelet
transform
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