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Fig 1. Location of the study area [16]
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Table 1. Statistical characteristics of daily flow and discharge data of Qantara hydrometric station

Lacsls S ui:)'j.aT resls Ji'..LLaﬂ slasls
sl Statistical Total data Training data Test data
bl " parameters  (cm) Jot m3/t) o> (em) Lxl m3/t) s (em) Ll (m3/t) s
Stage Discharge Stage Discharge Stage Discharge
S Minimum 56 0.543 59 0.543 56 0.899
R Maximum 90 5.37 90 5.37 84.5 5.35
&541..4 Average 69.985 2.284 72.307 2417 64.644 2417
ool Variance 46.892 0.838 32.004 0.793 39.464 0.801
Standard 6.847 0.915 5.657 0.891 6.282 0.895
e ST geviation ] ] ] ] ] ]
Qt 43‘}‘9) L C;.:.«.; LEPY) 6\#,:&:.5 ;S;““?M %‘fﬂ—\‘ JJ.\?
Table 2. Correlation coefficients of input variables to the daily flow rate Qt
HO  HEl)  HE2)  HE3)  HE4)  Qel)  QE2) QW3 Qd) Q)
Hy !
H(t-1) 0.9660 1
H(t-2) 0.9396 0.9659 1
H(t-3) 0.9201 0.9394 0.9658 1
H(t-4) 0.9039 0.9199 0.9392 0.9657 1
Q(t-1) 0.7590 0.7970 0.7435 0.7073 0.6834 1
Q(t-2) 0.7214 0.7584 0.7965 0.7429 0.7066 0.9091 1
Q(t-3) 0.6900 0.7209 0.7580 0.7961 0.7424 0.8340 0.9090 1
Q(t-4) 0.6646 0.6894 0.7203 0.7575 0.7975 0.7736 0.8339 0.9090 1
Q(t) 0.7975 0.7441 0.7080 0.6841 0.6663 0.9092 0.8342 0.7738 0.7271 1
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Table 3. Different scenarios for flow forecasting

2oL ook Sl
Scenario Scenario structure
Scenario Qr = f(He, Q1)
Sce. 1 Q¢ = f(Ht, Qr—1,Qr—2)
Sce. 2 Qr = f(Hp, Qr-1, Qt—2, Qe-3)
Sce. 3 Qr = f(Qt-1,Qt-2)
Sce. 4 Qr = f(Qt-1,Qt—2,Qr-3)
Sce. 5 Qr = f(He, Q1)
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Table 4. Sensitivity analysis to determine the important raw data variable

Sl

Ogn5

ol CLEBE] LSL“J:"‘)L; train test

Scenario  input parameters NASH RMSE MAE NASH RMSE  RMSE
H,, Q,_
! (He, Qe-1) 0.9041 0.2759 0.1638 08700 03231 03231
H ) Q -1 Q -
Y (Ht, Qe-1, Qc2) 0.9127 0.2633 0.1622 08776 03135 03135
v (He, Qr-1,Qe-2,Qe-3) 5964 0.2868 0.1670 0.8418 03565 0.3565
¢ (Qt-1,Qr-2) 0.8407 0.3558 0.1632 07759 04243 0.4243
0 (Qe—1, Qs Qr3) 0.8431 0.3530 0.1680 07713 04287 04287
JUs slaesls ago iie Gt S Sl LT -0 gt
Table 5. Sensitivity analysis to determine the important variable of normal data
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}i)Lﬁ‘ [CLEBE] gSUﬂ‘)\g train test
Scenario  input parameters NASH RMSE MAE NASH  RMSE  RMSE
\ (Hp, Qr—1) 0.9041 0.0457 0.0271 0.8700  0.0535 0.0309
y (Hy, Qp—1, Qe—) 0.9127 0.0436 0.0268 08776  0.0519  0.0260
v (Hy, Qpy, Qsn Qr_s)  0.8964 0.0475 0.0276 0.8418  0.0590  0.0350
¢ (Ores, Qo) 0.8407 0.0589 0.0270 07759  0.0703 0.0317
. (Qe—1, Qr) Qr3) 0.8431 0.0585 0.0278 07713 00710  0.0320
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Table 6. Comparison of RBF, ANFIS and Fuzzy- GMDH methods using raw data
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O3e5

Lis train test
methods NASH RMSE  MAE R2 NASH RMSE RMSE R
RBF 0.8708 03203  0.1929 09332  0.8555 03408 02179  0.9338
ANFIS 09127 02633 01600 09553 08776 03135  0.1573  0.9384
Fuzzy-GMDH 08763 03134 02032 09366  0.8822 03076 02067  0.9399
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Table 7. Comparison of RBF, ANFIS and Fuzzy- GMDH methods using normal data
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NASH RMSE MAE R? NASH RMSE RMSE R?
RBF 0.8944 0.0480 0.0284 0.9457 0.8483 0.0578 0.0299 0.9223
ANFIS 0.9127 0.0436 0.0268 0.9553 0.8776 0.0519 0.0260 0.9384
Fuzzy- GMDH 0.8742 0.0523 0.0327 0.9352 0.8788 0.0517 0.0335 0.9392
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Abstract

Understanding the Stage—Discharge relationship is of great importance in the management and planning
of water resources, as well as the design of hydraulic structures, the organization of rivers, and the planning
of flood warning systems. With the advancement of science and increasing the speed of computing, new
methods called intelligent systems have been introduced, the use of which can be a better option for
modeling. In this research, Fuzzy-GMDH, RBF and ANFIS combined intelligent methods have been used,
respectively. The Fuzzy-GMDH method, which is a combination of two techniques of fuzzy logic (Fuzzy)
and Group Method of Data Handling (GMDH) for flow-prediction. To study the proposed model, real and
normalized data of Mand River located in Bushehr province were used and the results were compared
with two methods of RBF and ANFIS neural networks. First, important parameters were determined using
sensitivity analysis and then the mentioned methods were evaluated and compared with statistical indicators
such as Nash coefficient (NASH). The results showed that the raw data in the Fuzzy-GMDH method with
a value of NASH = 0.8822, offers higher accuracy than normal data (NASH = 0.8888). On the other hand,
the Fuzzy-GMDH model has a better performance in predicting discharge daily than the other two methods
with flow coefficient values of 0.8555 and 0.8776, respectively.

Keywords: ANN, ANFIS, Forecasting discharge, Mand river, Stage—discharge relationsh
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