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Abstract:Flash flood is a dangerous natural disaster and 
it kills more people than any other natural disaster. To 
avoid such loss we depend on machines to predict the 
flood. There are several methods used for flood 
forecasting. Compare all those methods and provide 
suitable and efficient method for flash flood forecasting 
and providing forecasting tool for flood forecasting 
experts. 
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1. Introduction  

 
Flash Floods can be caused by a number of things, but is 
most often due to extremely heavy rainfall from 
thunderstorms. Flash Floods can occur due to Dam or 
Levee Breaks, and/or Mudslides (Debris Flow). 
 
The intensity of the rainfall, the location and distribution 
of the rainfall, the land use and topography, vegetation 
types and growth/density, soil type, and soil water-
content all determine just how quickly the Flash Flooding 
may occur, and influence where it may occur. 
 
Urban Areas are also prone to flooding in short time-
spans and, sometimes, rainfall (from the same storm) 
over an urban area will cause flooding faster and more-
severe than in the suburbs or countryside. The 
impervious surfaces in the urban areas do not allow water 
to infiltrate the ground, and the water runs off to the low 
spots very quickly. 
 
Flash Flooding occurs so quickly that people are caught 
off-guard. Their situation may become dangerous if they 
encounter high, fast-moving water while traveling. If 
people are at their homes or businesses, the water may 
rise quickly and trap them, or cause damage to the 

property without them having a chance to protect the 
property.  
 
Hydrological forecasting is used to predict the qualitative 
and quantitative of hydrological data in future based on 
current hydrological data. Application of neural network 
in hydrological forecasting is getting better and better. 

2. Radius Basis Function Neural Network 

 
Radius Basis Function Neural Network (RBFNN) 
structure contains input,output,and hidden layer.Number 
of hidden layer is based on the experience and to ensure 
the accuracy. A new method gold section method is used 
to find the number of hidden nodes [1]. 
 
Forecasting model is built with the combination of RBF 
neural network and grey system. Ant colony algorithm 
improves the accuracy of forecasting of grey model. In 
figure 1, Input layer receives the input signal and 
transmits to hidden layer, hidden layer processes the 
signal and transmits it to output, output layer export after 
the linear processing on signal [1]. 

 
Fig. 1. RBFNN Structure 

Ant colony algorithm is similar to “traveling salesman 
problem”. This algorithm has the behavior of ant to find 
the shortest path between nest and the food. Grey model 
is used to forecast the low precision and Ant colony 
algorithm is used to improve the accuracy [1]. 
Improved Grey RBF neural Network: 
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1. sample data normalization,  
2. Grey model for ant colony optimization,  
3. Training and constructing RBF network 

and forecasting. 
 

Advantage of gray system reduce the data random to 
compensate the RBF neural network prediction results 
are influenced by random sample data of faults, to 
improve prediction accuracy [1]. 
 

3. Artificial Neural Network 
 

Artificial Neural Network (ANN) is widely used in flood 
forecasting. In this paper deep learning approach 
integrates stacked autoencoders (SAE) and back 
propagation neural network (BPNN) for the prediction of 
stream flow. All the datas are classified into several 
categories by K-means clustering. The proposed 
approach is to compare with the SVM model, the BP 
neural network model, the RBF neural network model 
and Extreme learning machine (ELM) model[2]. 
 

The network parametersas (W, b) = W(k,1),W(k,2), 
b(k,1), b(k,2), which denote theparameters 
W(1),W(2),b(1),b(2) for the k-thautoencoder. ForW(1)ij, 
it connects the j-th unit in input layer with the ithunit in 
hidden layer of the autoencoder. Similarly, 
W(2)ijrepresents the weights connecting the j-th unit in 
hiddenlayer with the i-th layer unit in output layer. b(1)i 
representsthe bais of ith unit in hidden layer and b(2)i is 
the bias ofthe ith unit in output layer. 

 

Fig. 2. ANN Structure 

It is difficult to construct a statistical model using 
conventional regression techniques; therefore alternative 
approach for accurate flood forecasting is ANN, which 
has powerful capability to model nonlinear and complex 
systems without clear physical explanation. BPNN is 
used to forecast the stream flow[2]. 
 

Deep learning has become a successful technique for 
solving complex problems by using a series of 
multilayer architectures. In proposed system, cost-
sensitive mechanism has introduced into the SAE-BP for 
more outstanding performance[2]. 

4. Geosensing- Based or Flood Forecasting 

 
Nowadays, a large variety of geosensors, ranging from 
in-stream senses to ground-and space-based remote 
sensing systems are used to obtain meteorological and 
hydrological data. Geosensors and Geosensor networks 
are used to gather precise and high resolution data. 
Geosensed information is the input for flood forecasting 
model[3]. 
 
Figure 3, Depicts an operational flood forecasting and 
early warning system (FFEWS) at a river basin level. 
 
The first construction steps of an operational flood 
forecasting and early warning system (FFEWS) at a river 
basin level. FFEWS contains following steps:   
 
1) Data collection and management component, coming 
from elementary systems or databases and build a 
hydrologic information system.  
 

 

Fig. 3. Geosensor Network 

2) In background, a real-time data acquisition system 
observe hydrological data, simulates hydraulic models, 
and a system for updating and data assimilation[3]. 
 

The next stage involves the integration in the platform of 
hydrological and hydraulic models, including data-
driven models, used to predict river flows and water 
levels in real-time[3]. 
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5. Development of Flood Forecasting 
 

A more generalized and expandable method, a flood 
forecasting system (FFS) has been developed that update 
modules for pre-processing and automatic parameter 
optimizing. Functions of FFS:  
 
1) A preprocessing module for hydrological analysis and 

module inputs 
2) A model calculating modules 
3) A result analysis module [4] 

 

FFS take the forecast scheme as technical support, based 
on real-time hydrologic information database with 
geographic information system as the platform. The 
main functions of FFS system contains forecast scheme 
generation, model parameter calibration, real-time 
forecast, rainfall correction, real-time correction, human-
computer interaction, information query, system 
management module [4]. 
 

The distributed flood forecasting system (FFS), based on 
GIS software combines database access uses object 
oriented programming technology. The FFS, as a part of 
flood prevention dispatching management system, 
provides the basis of completing dynamics system for 
the following middle watershed of the river basin [4]. 
 

6. Prevention of Flash Flood using ANN-Model 
 

A new approach is designed for modeling rainfall 
forecasting using the ANN technique. This model is 
designed to run in real time, which means that inputs to 
the network are not event based, but rather consist of 
consecutive data including non-rainy periods so that the 
system can fully acquire conditions of both rain and no 
rain [5]. 
 

To identify the most accurate model, several ANN 
models were tested by using various hidden nodes and 
by changing the model architecture and transfer 
function. Along with the ANN model of rainfall 
forecasting, a SCADA-based system was developed in 
order to prevent flash flood. ANN is defined as an 
information processing system that has performance 
characteristics in common with a biological neural 
network [5]. 
 

Back propagation algorithm is also used in ANN; 
MATLAB software is used in ANN rainfall forecasting 
model. ANN model was able to learn from continuous 
input data which contained both rainy and dry periods, 
the model can be adopted to run for almost near real time 

forecasting. It has real advantage of providing a 
satisfactory rainfall prediction at any moment [5]. 
 

Rainfall forecasting can be implemented into a SCADA-
based system in order to prevent flash floods. SCADA 
(supervisory control and data acquisition system) 
software provides calculation, database display and 
graphic display functionality [5]. 
 

7. Application of Middleware Technique 
 

A flood forecasting system (FFS) is almost developed 
with respect to a specific hydrologic model, so that the 
applicability of a single system may be limited to certain 
flood forecasting and decision making. Based on 
framework system, components technique and model-
view-controller(MVC) design pattern, the FFS can be 
developed with better extendibility and maintainability, 
and better than a conventional flood forecasting system 
in sharing, re-usability, integration and expansion [6]. 
Middleware is an independent service program placed 
in-between an operating system and an application 
system. A middleware is not a kind of application 
software but a software platform or system software 
based on a distributed technique, which can be different 
expressed in application such as framework [6]. 
 
Figure 4 shows the middleware architecture based on 
MVC pattern 
 

 

Fig. 4. Middleware Architecture 

The application program based on MVC design pattern 
can be divided into three important parts: Models, View 
and Controller, which makes each input, each processing 
and each output to be an independent part. Controller is 
the bond between models, view, extracting external 
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information through view, inverting information into an 
event and updating models [6]. 
 

After the establishing the flood forecasting system, the 
control layer and the view layer are more or less 
established, the application components are more 
changeable. Further development of flood forecasting 
technology, the model layer should be updated with the 
emergence of new modules [6]. 

 
A common standard interface is used to communicate 
among these three different layers, it will be easy to add 
a new module or to update the old modules without 
changes to the whole application system. The advantage 
of this middleware techniques are simple and convenient 
operations, flexible application [6]. 

8. Water Level Prediction using Kalman Filter 

 
Accurate flood water level predictions are essential for 
reliable flood forecasting modeling. Back propagation 
neural network (BPN) offer advantages for flood water 
level prediction, nonlinearity due to input parameter are 
the major issue. A novel Extended Kalman Filter (EKF) 
optimization algorithm was employed to overcome the 
nonlinearity problem and come out with an optimal 
ANN for the prediction of flood water level [7]. 
 

ANN model is more preferable because the capability of 
simulating nonlinear system compared to traditional 
physical modeling. The result shows that ANN model 
performs better than any other artificial prediction. The 
water level data is measured using SCADA (supervisory 
control and data acquisition system) [7]. 
 

To types of ANN are used, supervised ANN and 
unsupervised ANN. Unsupervised ANN does not require 
output for guiding the weight adjustment whereas for 
supervised ANN the model is trained based on 
comparison of the output and target until the model 
output matches the target [7]. 
 

BPN is one of the most famous applications type of 
ANN. BPN trains the sample by adapting back 
propagation algorithm. The training start by calculating 
the error between actual output and simulating output 
and it will stop when the error is less or equal to the 
performance goal set earlier. The input layer consists of 
rainfall at flood location and water level at three 
upstream rivers. The target output layer is the flood 
location at the downstream river [7]. 
 

Kalman filter is an adaptive filter that provides a 
recursive solution to linear filtering problem. By 
linearization, EKF has been widely used in state 
estimation of nonlinear system. The EKF algorithm also 
showed fast convergence and resulted accurate 
prediction. One step ahead forecast of the state and error 
covariance are derived based on the initial estimate, then 
the Kalman gain is completed [7]. 
 

The Kalman gain is very important because it is used to 
estimate the state and error covariance with less error. 
Finally the state prediction is represented as a 
combination of initial estimate of state and 
multiplication of Kalman gain with actual measurement 
and Jacobian matrix. To evaluate the model 
performance, root mean square error (RMSE) is used 
[7]. 
 

BPN model does not require basin information or any 
physical parameters in the modeling process which 
reduce the complexities of modeling the system. EKF 
need to be implemented to provide better result with 
lower RMSE. The optimum values of learning rate (η) 
and momentum constant (μ) used during training were 
0.85 and 0.95 respectively. The optimum number of 
neurons in the hidden layer was determined by trial and 
error to obtain the lowest RMSE. The RMSE was found 
to be 0.4199m. Therefore, the structure of 4-10-1 was 
chosen as thebest BPN structure. The comparison 
between the actual waterlevel and BPN simulated water 
level is given below. 

 
9. Performance Analysis 
 

 

Fig. 5. Performance analysis of BPN Model 

The prediction accuracy of the BPN model with EKF 
could be further improved by incorporating other 
parameters that will contribute to flood such as 
discharge, sediment and evaporation [7]. 
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Table 1: Result Comparison of Different Predicting 
Models. 
 

Model MSE DC
SVM  4930 0.816
BP neural network 6999 0.707
RBF neural network  7295 0.695
Extreme Learning 
Machine 

6807 0.715 

SAE-BP 3644 0.848 
SAE-BP+Kmeans 3644 0.848 

The above table shows the MSE (Mean Square Error) 
and DC (Digital or Disaster Centers) for different flood 
forecasting estimation method. The method which has 
low MSE and DC is the best flood forecasting method. 
Other than these methods there are various flood 
forecasting methods available.  

 

 
Fig. 6. Graphical result for SVM 

In the above graph, black line represents the actual 
rainfall in both summer and autumn season.The 
remaining lines represent the estimation of flood using 
Support Vector Machine. 
 
In the figure 7, the grey area represents the occurrence of 
flood by comparing both the Artificial Neural Network 
and Adaptive Neuro Fuzzy Inference System. The graph 
(b) and (c) are the separate graph for ANN and ANFIS. 

 

 
Fig. 7. Graphical result for ANN and ANFIS 

 

 
Fig. 8. Graphical result for Kalman Filter 

In the figure 8, the graphs a,b,c are the original flood 
estimation graphs. Remaining d and e are the graphs 
produced after the application of Kalman Filter. Above 
all the forecasting methods, Kalman Filter is the 
effective method because it filters the graph several 
times to get perfect output. 

 
10. Conclusion 

The difficulty of the tasks is two folds: (i) high noise and 
disturbances, especially during intense events, (ii) 
unavailability of rainfall predictions, which makes long-
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term predictions inaccurate. These difficulties were 
circumvented in part by clustering the flash floods into 
different groups such that models of each cluster behave 
similarly. To that end, an agglomerative hierarchical 
clustering algorithm was used. Major research extension 
is implementing Genetic Algorithm to enhance the 
performance of the forecasting model. Providing 
decision making process by depicting Bayesian Network 
and comparison of the performance analysis of the 
proposed work with the existing mechanisms can also be 
done. 
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