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Abstract

Background and Obijective: Accurate information about the river flow significantly influences the
water resources management for the communities that use the water. In this regard, this study aims to
present a reliable prediction of the monthly discharge of Shahpour River, inflow to Raees-Ali Delvari
Dam, located in the Boushehr Province, Iran.

Methods: To forecast the monthly inflow to Raees-Ali Delvari Dam, the artificial intelligence models,
i.e. artificial neural network (ANN) and adaptive neuro-fuzzy inference system (ANFIS), were
applied. Also, uncertainty determination of the both models was carried out in order to improve the
application of their results in the management decisions in the water sector. In this regard, the
simulated results of the models, tuned with the different pattern of calibration data, were used. Two
indices, i.e. the width of confidence band (d-factor) and the values bracketed by 95 percent prediction
uncertainties (95PPU) were applied in order to evaluate the models’ uncertainty.

Findings: Results of tuned ANN and ANFIS models indicated that although the both models had the
appropriate values of determination coefficient (R?) and mean absolute error (MAE), their
performance was along with considerable errors in the high extreme values. Besides, a look at through
the uncertainty results of the models indicated the ANFIS model, that included the less d-factor and
higher 95PPU values, had less uncertainty than the ANN.

Discussion and Conclusion: Considering the same performance of the both ANN and ANFIS models
in the calibration and test steps, it can be concluded that the ANFIS model was the best selection for
monthly inflow prediction into Raees-Ali Delvari Dam due to its less uncertainty that ANN model.
Keywords: Inflow Forecasting, Uncertainty Analysis, Shahpour River, Raees-Ali Delvari Dam
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Table 1- Results of ANN and ANFIS models during calibration and verification steps
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Figure 4- Predicted discharge by ANN versus observed discharge values in (a) calibration and (b)
verification steps
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Figure 5- Trend of predicted discharge variations by ANN versus observed values in the calibration
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Figure 6- Trend of predicted discharge variations by ANN versus observed values in the
verification step
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Figure 7- Predicted discharge by ANFIS versus observed discharge values in (a) calibration and (b)
verification steps
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Figure 8- Trend of predicted discharge variations by ANFIS versus observed values in the
calibration step
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Figure 9- Trend of predicted discharge variations by ANFIS versus observed values in the
verification step
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confidence level in the calibration and
verification steps

el & )J5Is et
Calad pae o 5l oael Cws @ gl ,0 5580 a0 b
AY g AA 51 i a5 2l yo oles o ANFIS g ANN sla o
Jole 55 i 0 ANFIS Joce Lo ity Jl oo
458 s 41,8 95PPU Wil oogumme jo (orimwcions g (iwly
i 4 ANN Jie plicalol il sl ol ool 85 o o
Jowe sl d-factor o el crumen sl 0o )0 AY g AT L ol
FpS G polie iwiows 5 il dl> e 95 0,0 ANFIS
Sl 3,8las S0l chid (nl )l ANN Joo oy connd
SO o i Sl ANN e b aslae ;0 ANFIS Jos

ol (§)lg)s e pd ) S 3P 4y (639 ,5 o ols

Menth
A0 lueb! gt U ANFIS Joo comnbad sue -1 S

Tl g (uly Jo 10 50 sy
Figure 11- ANFIS model uncertainty with
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verification steps
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Table 2- Results of uncertainty determination for ANN and ANFIS models

Jow
O)Lei 4-1#).0
ANFIS ANN
< IYA < IAY d-factor
il
AY A¥ Bracketed by 95PPU
N\%4 e d-factor
I
AA AY Bracketed by 95PPU

45 0l e b oo Coslad poe @l oy n b @
ANN oo a4y cons 5508 Soalad poe I ANFIS Joo
00 Sgatme (gld o iy polie Yas . Censl S0 ,95
31 G ANFIS Jos [0 ao,0 20 liebl o Lawsgs
Jos ;e 0y Shae ;5L oo (0l 45 95 ANN o
Jde 20,0 A0 licebl Wb o ,e pizen .ol ANFIS
aslons ANN s (sl Jlaie onl 5 505 ANFIS
93,2 ;0 Jow opl gl O-FACLOr ok a5 geou 4 a0,
awlxe d-fACtor | 5.5 iwioms § il dl> o
55 ANN ke o

O Sl G Gl p0 0ud (Bpme (oulidGhy, @
S92 slgial ol alS” (6,5 e (sline  Cualad puie
Aiges b 5 o Siedan (65 Higed 55 (sla g, Lobune
Sgrty 5o dlgi oo ABl 39290 i Dbl ga> polie
LQQT 09— 560 S aizmen g 0ol T 4 s
555 Bl jai e

Ot Sl Bl 50 00l (Bpae (ol Ay, @
UG 5 055y IS ANFIS 5 ANN (gl Juo caabas pac
boaine) ;500 )3 Laoanny plo (g Sln peess

ool b atilg o (pllizme (plpliy adlgo (cwdipe g psle

G5 Al 9 (G e
el b el 5 (S5 plsie @ oo coal 4y azgi b
4 (59955 0 39l (izmen 5 Canto 5 (53)3LAT e pd O
L Jome anl)l 50 Gadow ol Lol Gas eudie slaojlu o)
slabe b, s sl ANFIS 3 ANN la Joe 51 eolaxal
Al ol )18 (g ilads el a4 (69559 5l ailsog,
pae el s Jae 3, e i (o) s5lite 4 oaizas
Ol 4o y3b & . ndy pladl 5 lag] 5 Sy e el
Jod laos ol ol abo jl eowl Caws 4 @l 0 5 ete
Dgel o>
s ANN sla Jos 5l ool cows a4 gl Gl @
polie d S 005 et te 0o i |, >l 4 gy ANFIS
xily Al 0 55 12 sl AARE s MAE R slao L]
Soke ol a5 Wyls e cwlio polas 3l vwcoo g
ol ibwdis Glr eolin sl oo slhe s
ol (6510 e gy a5 4y (6999 dm ole SO
=S J=lie (o slodalin oo Slpuss &gy b1 @
> &l ANFIS g ANN (glo Jow lawgs oads g i
a5l aS sgai atiin rwlows g iwly dl> e g0
)J\)LO.A 4 g_i_n))J L&:JM .L:_u.\y 03 (S e, JJ.)LG.A
o L bla Sy 0 oyl o Slase Lol sizes gloaaliv

el ol yon azsi b slas L YL



OI)&M 9 ‘5)9\;;-\0‘

QA obo po0 (AP 0 losds (o ) buxo (65919555 g pole s

varying human impact. Limnology and
Oceanography Methods, Vol. 2, pp.342-
355

Aqil, M., Kita, I., Yano, A., Nishiyama,
S., 2007. Analysis and prediction of
flow from local source in a river basin
using a Neuro-fuzzy modeling tool.
Journal of Environmental Management,
Vol. 85, pp.215-223

Noori, R., Safavi, S., Shahrokni, S.A.N.,
2013. A reduced-order adaptive neuro-
fuzzy inference system model as a
software sensor for rapid estimation of
five-day biochemical oxygen demand.
Journal of Hydrology, Vol. 495, pp.175-
185.
https://doi.org/10.1016/j.jhydrol.2013.04
.052

Noori, R., Yeh, H.D., Abbasi, M.,
Kachoosangi, F.T., Moazami, S. (2015).
Uncertainty analysis of support vector
machine for online prediction of five-
day biochemical oxygen demand.
Journal of Hydrology 527: 833-843.
https://doi.org/10.1016/j.jhydrol.2015.05
.046

Noori, R., Deng, Z., Kiaghadi, A,
Kachoosangi, F.T., 2016. How reliable
are ANN, ANFIS, and SVM techniques
for predicting longitudinal dispersion
coefficient in natural rivers? Journal of
Hydraulic Engineering, Vol. 142.
https://doi.org/10.1061/(ASCE)HY.1943
-7900.0001062

Jang, J.S.R., 1993. ANFIS: adaptive-
network-based fuzzy inference system.
IEEE Transactions on Systems, Man,
and Cybernetics Vol. 23, pp.665-685

Cpahad pae i 4 plaBl SAe owlid g, oged

iled (o p 3550 Sloodudy K0 sl wiedige sla Joe

S19ya8 9 S
ST oS iils gas (gl b 5l asd,S ol Gakos
lie (omalid by )l Bl co by axly ool
Sl e Jhep slaome Sl poe ol S
ey S (69955 sl a0, Gl (i
93 (G10,08 ¢ Sas il e (B cplpln ol o " s lgdo
G g dxlg oDl oljT olKisls imgh Coglae 51,

2 ylo oo 3l Badio cpl b el

&l

1. Sanikhani, H., Kisi, O., 2012. River
flow estimation and forecasting by using
two different adaptive neuro-fuzzy
approaches. Water Resources
Management, Vol. 26, pp.1715-1729

2. Patel, S.S., Ramachandran, P., 2015. A
comparison of machine learning
techniques for modeling river flow time
series: the case of upper Cauvery river
basin. Water Resources Management,
Vol. 29, pp.589-602

3. Noori, R., Farokhnia, A., Morid, S.,
Madvar, H.R., 2009. Effect of inpiut
variables preprocessing in artificial
neural network on monthly flow
prediction by PCA and wavelet
transformation. Journal of Water and
Wastewater, Vol. 1, pp.13-22 (In:
Persian).

4.  Marce, R., Comerma, M., Garcia, J.C.,
Armengol, J., 2004. A neuro-fuzzy
modeling tool to estimate fluvial
nutrient loads in watersheds under time-


https://doi.org/10.1016/j.jhydrol.2013.04.052
https://doi.org/10.1016/j.jhydrol.2013.04.052
https://doi.org/10.1016/j.jhydrol.2015.05.046
https://doi.org/10.1016/j.jhydrol.2015.05.046
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001062
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001062

v <eee 30 ANFIS g ANN sla Joo Colad puc b )
15.  Dehghani, M., Saghafian, B., Nasiri 10.  Haykin, S., 1994. Neural Networks: A
Saleh, F., Farokhnia, A., Noori, R, Comprehensive Foundation. Prentice
2014. Uncertainty  analysis  of Hall, New Jeresy.
streamflow drought forecast using 11.  Jalili, M., Noori, R., 2008. Prediction of
artificial neural networks  and municipal solid waste generation by use
Monte-Carlo simulation. International of artificial neural network: a case study
Journal of Climatology, Vol. 34, of Mashhad. International Journal of
pp.1169-1180. Environmental Research, Vol. 2, pp.13-
https://doi.org/10.1002/joc.3754 22
16. Moazami, S., Noori, R., Amiri, B.J., 12. Noori, R., Karbassi, A., Farokhnia, A.,
Yeganeh, B., 2016. Reliable prediction Dehghani, M., 2009. Predicting the
of carbon monoxide using developed longitudinal dispersion coefficient using
support vector machine. Atmospheric support vector machine and adaptive
Pollution Research, Vol. 7, pp.412-418. neuro-fuzzy inference system
https://doi.org/10.1016/j.apr.2015.10.02 techniques. Environmental Engineering
2 Science, Vol. 26, pp.1503-1510.
17. Noori, R., Hoshyaripour, G., Ashrafi, https://doi.org/10.1089/ees.2008.0360
K., Araabi, B.N., 2010. Uncertainty 13. Noori, R., Karbassi, A.R., Mehdizadeh,
analysis of developed ANN and ANFIS H., Vesali-Naseh, M., Sabahi, M.S.,
models in prediction of carbon 2011. A framework development for
monoxide daily concentration. predicting the longitudinal dispersion
Atmospheric  Environment, Vol. 44, coefficient in natural streams using an
pp.476-482. artificial neural network. Environmental
https://doi.org/10.1016/j.atmosenv.2009. Progress & Sustainable Energy, Vol. 30,
11.005 pp.439-449.
https://doi.org/10.1002/ep.10478
14, Jang, J.S.R., Sun, C.T., 1995. Neuro-

fuzzy modeling and control. Proceed.
IEEE, Vol. 83, pp.378-406.


https://doi.org/10.1089/ees.2008.0360
https://doi.org/10.1002/ep.10478|
https://doi.org/10.1002/joc.3754|
https://doi.org/10.1016/j.apr.2015.10.022
https://doi.org/10.1016/j.apr.2015.10.022
https://doi.org/10.1016/j.atmosenv.2009.11.005
https://doi.org/10.1016/j.atmosenv.2009.11.005




