
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 02, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 3073 

River Basin Flood Flow Prediction using Adaptive Neuro Fuzzy Inference 

System (ANFIS) 

Nasit Sachin1 Prof R M Jadav2 

1PG Student 2Associate Professor 
1,2Department of Civil Engineering 

1,2L.D College of Engineering, Ahmadabad, Gujarat – 380015, India 

Abstract— This paper present the application of a data driven 

model, Flood Prediction Using Adaptive Neuro – Fuzzy 

Inference System in forecasting flood flow in Ambica river 

system ANFIS uses neural network algorithms and fuzzy 

reasoning to map an input to an output space .The proposed 

technique combine the learning ability of neural network with 

the transparent linguistic representation of fuzzy system. 

Performance of the ANFIS model with selected category and 

membership function are tested and verified by applying 

daily rainfall and daily discharge data. Statistical indices such 

as Root Mean Square Error (RMSE), Correlation Coefficient 

(R), Coefficient of Determination (R2) and Discrepancy 

Ratio (D) are used to evaluate performance of the ANFIS 

models in forecasting flood. This objective is accomplished 

by evaluating the model by comparing ANFIS model to 

Statistical method like gamble’s method and Log Pearson 

type-III method to prediction flood. This comparison shows 

that ANFIS model can accurately and reliably be used to 

forecast flood in this study.  
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I. INTRODUCTION 

Flood movement modelling serves as a cost effective means 

for minimizing the damages caused by flooding. Study of the 

flood movements and developing flood forecasting and 

warning systems are essential to provide assistance against 

the possible flood losses. 

The flood problem is not only concern of the branch 

of engineering dealing with the control and conservation of 

water but is also important to a number of other branches as 

well. For example in railway and highway engineering the 

flood intensity is of importance in the design of various 

structures through which the flood pass. 

In Water Resource Engineering schemes sufficient 

provision in the design of cross drainage structures has to be 

made to safely pass the high flood. To predict flood 

accurately, inclusion of all past discharge and rainfall data is 

essential in this ANFIS model. 

In the present study to develop ANFIS model, past 

discharge and rainfall data of study area are used to forecast 

flood in a river system ANFIS models with various input 

structures and membership functions are constructed, trained 

and tested to evaluate the models. 

Statistical parameters such as Root Mean Square 

Error (RMSE), Correlation Coefficient (R), Coefficient of 

Determination (R2) and Discrepancy Ratio (D) are used to 

evaluate of the ANFIS models in forecasting flood. To show 

the accuracy and reliability of the ANFIS model; the model 

is compared with the statistical method i.e. Gumbel’s method. 

II. STUDY AREA 

The Chikkar dam is the most impotent structure of the 

Ambica river basin. Ambica River near village Ahwa in Dang 

district in Gujarat India, the Ambica River is the second 

largest west flowing interstate river. It covers a large area in 

the Gujarat and its cover small area of origin from saputara 

hill ranges near village’s kotambi of surgana taluka small in 

Maharashtra. 

The Ambica River is a major westward flowing river 

that has a huge catchment area in two states, namely Gujarat 

and Maharashtra. Although the basin is known to have hot 

summers when there is dryness prevailing, the Southwest 

Monsoons bring in moisture and increase the flow of the river 

by a bounty. The temperatures in the river basin of Ambica 

range from 32-40 degree maximum and 25-8 degrees 

minimum. 

With over 87000 hectares of forested area, the 

Ambica River proves to be quite an important asset to the 

people of Gujarat where this river flows. 

The following data are used for Flood Prediction of 

Ambica River. 

1) Daily Rainfall Data 

2) Daily Peak Discharge Data. 

III. OBJECTIVES 

The objectives for the study are, 

1) Development of river stage discharge ANFIS model. 

2) Validation of the method 

3) Performance evaluation of the model for the Ambica 

river system. 

4) Compare of ANFIS model and statistical gamble method 

for Ambica river system. 

IV. METHODOLOGY 

ANFIS is an artificial intelligence technique that has been 

successfully used for mapping input-output relationship 

based on available data sets (Jang et al., 1997; El-Shafie et 

al., 2007). It is based on the first order Sugeno-fuzzy 

inference system proposed by Jang and it uses neural network 

learning algorithms and fuzzy reasoning to map an input 

space to an output space. With the ability to combine the 

numeric power of a neural system with the verbal power of a 

fuzzy system, ANFIS has been found to be powerful in 

modelling numerous processes. The model works on a set of 

linguistic rules developed using expert knowledge. 

The fuzzy rule base of the ANFIS model is set up by 

combining all categories of variables .the node functions in 

the same layer   are the same as described below: 
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Fig 1: Basic structure of first order Surgeon- fuzzy model 

Rule 1: If x is A and y is B, 

Then f = p x + q y + r1......................... (1.1) 

Rule 2: If x is A and y is B, 

Then f = p x + q y + r2......................... (1.2) 

A conceptual ANFIS consists of primarily five 

components: inputs and output data base, a Fuzzy system 

generator a fuzzy inference system and an adaptive neural 

network. The Fuzzy inference system that we have 

considered in this model that maps: 1 Input characteristics to 

input membership functions, 2. Input membership functions 

to rules, 3. Rules to a set of output characteristics, 4. Output 

characteristics to output membership function, and .5. The 

output membership function to a single valued output, or A 

decision associated with the output. The neuro adaptive 

learning technique provide a method for the fuzzy modelling 

procedure to learn information about a data set, in order to 

compute the membership function parameters that the best 

allow the associated fuzzy inference system to track the given 

input/output data. In fuzzy logic there is no systematic 

procedure to define the membership function parameters. In 

this study, three Gaussian membership functions were used 

for input variable. There are a wide variety of algorithms 

available for training a network and adjusting its weights. In 

this study, an adaptive technique called momentum 

Levenberg-Marquardt based on the generalized delta rule was 

adapted (Rumelhart et al., 1987).ANFIS eliminates the basic 

problem in fuzzy system design, defining the membership 

function parameters and design of fuzzy if then rules, by 

effectively using the learning capability of ANN for 

automatic fuzzy rule generation and parameter optimization. 

Statistical indices such as Root Mean Square Error (RMSE), 

Correlation Coefficient (R), Coefficient of Determination 

(R2) and Discrepancy Ratio (D) are used to evaluate 

performance of the ANFIS model, 

Root Mean Square Error (RMSE) 

The RMSE of a model prediction with respect to the 

estimated variable Q̂(i) is defined as the square root of the 

mean squared error 

RMSE = √
∑ (Q(i)−Q ̂n

i=1 (i))2

n
....................... (2.1) 

Where Q(i) is observed values and Q̂(i) is modelled values at 

time/place i. 

Correlation- Coefficient (R) 

R = 
∑ (Q (i)− Q̅)(Q̂(i)− Q̃)n

i=1

√∑ (Q (i)− Q̅n
i=1 )2 ∑ (Q̂(i)− Q̃)n

i=1
2
................. (2.2) 

Coefficient of Determination (R2) 

R2 =  
(∑ (Q (i)− Q̅)(Q̂(i)− Q̃)n

i=1 )
2

∑ (Q (i)− Q̅n
i=1 )2 ∑ (Q̂(i)− Q̃)n

i=1
2.................... (2.3) 

Where Q ̂(i) is the n estimated discharge value, Q(i) 

is the n observes discharge value, Q is the mean of the 

observed discharge values, and Q̃ is the mean of the estimated 

discharge values. 

Discrepancy Ratio (D): 

D =
∑ Q (i)n

i=1

∑ Q̂(i)n
i=1

................................. (2.4) 

V. RESULTS AND ANALYSIS 

70% data is used for Training and 30% data is used for 

Validation. The results obtained from ANFIS are shown 

below: 

 
Fig. 2: Comparison between Observed & Predicted Peak 

Discharges for Training using ANFIS Model 

 
Fig. 3: Comparison between Observed & Predicted Peak 

Discharges for Validation using ANFIS Mode 
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Following figures show running data for training and testing 

in MATLAB software 

 
Fig. 4: Training data run in MATLAB software 

 
Fig. 5: Testing data run in MATLAB software 

 
Table 1: Performance evolution of model on calibration and 

validation period for ANFIS model 

Table 1 shows performance of evaluation 

parameters for ANFIS model. ANFIS model have two input 

Rainfall and Observed Discharge and one output Predicted 

Discharge. ANFIS model is developed using hybrid method 

and 4 linear dsigmf membership functions; having RMSE, R, 

R2 and D; 24.4861, 0.998564, 0.997131, 1.056508 for 

training and 31.108, 0.9971, 0.9942, 1.00448 respectively for 

validation 

Similarly 70% data is used for Training and 30% 

data is used for testing calculation. The results obtained from 

GUMBEL method are shown below: 

 
Fig. 6: Comparison Between Observed & Predicted Peak 

Discharge for Training Using Gumble’s Method 

 
Fig. 7: Comparison between Observed & Predicted Peak 

Discharge for Validation Using Gumble’s Method 

 
Table 2: Performance evolution of model on calibration and 

validation period for GUMBEL method 
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VI. CONCLUSIONS 

In this study, an Adaptive Neuro-Fuzzy Inference System 

(ANFIS) model has been developed to run real time flood 

prediction at Chikkar Dam on Ambica River. Statistical 

method i.e. Gumble method was compared with ANFIS 

model to identify the best result. 

VII. ANFIS MODEL 

ANFIS model is developed using hybrid optimization method 

and 4 linear dsigmf membership functions. The RMSE, 

Coefficient of correlation (R), Coefficient of determination 

(R2) and Discrepancy ratio (D) for ANFIS model are 

24.4861, 0.998564, 0.997131, and 1.056508 respectively for 

training and 31.108, 0.9971, 0.9942, and 1.00448 

respectively for validation. It can be concluded that observed 

discharge is very near to predicted discharge. 

VIII. GUMBEL’S METHOD 

For Gumbel’s Method the RMSE, Coefficient of correlation 

(R), Coefficient of determination (R2) and Discrepancy ratio 

(D) are143.8621, 0.985671, 0.971547, 0.820934 respectively 

for training and 206.29593 ,0.993969, 0.987974, 0.76893435 

respectively for validation. As per evaluation parameters the 

model is very good but not better than ANFIS as RMSE is 

more compared to ANFIS. 
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