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ABSTRACT- River flow forecasting is required to supply basic information on a wide range of problems associated with
the planning and operation of river systems. While traditional models are important for understanding hydrological
processes, still accurate predictions are required at some specific locations. In this context ANN (Artificial Neural
Network) “black box” in nature, is emerging as most successful machine learning techniques with flexible mathematical
structure, capable of showing non-linear association between input and output data. Therefore,in current years, ANN
models are used frequently for forecasting of flood. Most of the previous work of ANN techniques in forecasting has been
done by taking rainfall as input and runoff data as output. These forecasting has not considered other flood causative
factors. Therefore, the main goal of this study is to develop a flood model by considering many factors which are
responsible for occurrence of flood. Also, it has been observed that space and air-based observations of earth gives a
unique way to monitor and assess the floods. So, this study has tried to take an advantage of both ANN and GIS by
integrating these techniques together. Therefore, ANN and GIS are used for modeling and simulations of flood prone area
in Yamuna Nagar district of Haryana. The model was implemented in MATLAB. Maps related to flood causative factors
such as rainfall, slope, elevation, flow accumulation, soil, land use and geology are prepared with the help of GIS, Remote
Sensing data and field surveys. Water level is produced by ANN model and then flood map showing flow accumulation is
generated using GIS.

The model performance is measured in terms of coefficient of determination (R%), sum squared error(SSE), the mean
squared error(MSE) and the root mean squared error(RMSE).

Keywords: Artificial Neural Network (ANN), Geographic Information System (AAN), MATLAB, Coefficient of
determination (R2), Sum Squared Error (SSE), Mean Squared Error (MSE) and Root Mean Squared Error (RMSE).

L. INTRODUCTION

Flood forecasting can be defined as a process of estimating and predicting the magnitude, timing and duration
of flooding based on known characteristics of a river basin, with the aim to prevent damages to human life, to
properties, and to the environment

Floods are a recurring phenomenon in India. Due to different climatic and rainfall patterns in different
regions, some areas experience catastrophic flooding and another area experiences simultaneous drought. It
is considered one of the most destructive natural phenomenon that can cause damage to both life and
property every year. It is therefore has become one of major concern in world over. Forecasting river flow
after heavy rain is important for public safety, environmental issue and water management.

The current studies revealed that many part of the state of Haryana are also prone to flooding. The
devastating floods hit Haryana many times. In 1977, 1978, 1980,1983,1988,1993 and 1995, 1996 floods
occurred in Haryana. Floods have been causing extensive damage not only to standing crops but also loss of
lives and cattle. The floods in Haryana can occur because of some natural reasons such as its physiographic
situation which makes a depressional saucer shape zone around the Delhi-Rohtak-Hisar-Sirsa axis and it has
a poor natural drainage system and sometimes the heavy precipitation becomes a major contributing factor
in causing flood as such in case of Rohtak flood, 1995. The state receives anaverage rainfall of about 650 mm.
The average annual rainfall varies from less than 300mm in the western and south western parts of Sirsa,
Hisar and Bhiwani districts along the Rajasthan border to over 1100mm in the north-eastern Shivalik hilly
tracts of Panchkula and Yamuna Nagardistricts along Himachal Pradesh border The problem of floods is
further accentuated by theexistence of human-made barriers like the networks of roads and canals, which
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obstruct the natural flow of water and sometimes Drainage systems back up because they cannot cope up
with the volume of water or are blocked by rubbish and garbage. On the other hand indiscriminate use of
water for irrigation and development of low-lying areas and depressions has also created problem of
drainage congestion and water logging which create a havoc of flooding. According to assessment of
Rashtriya Barh Ayog and as reported by states to the 11th plan working group, flood prone area in Haryana is
23.50 lakh hectares. In flood manual of Haryana, there are 102 vulnerable points in Haryana which need
special attention during monsoon (HSDMA report).

For this purpose, many tools and techniques are used to solve the problems of flood inundation. In recent
years, some of the approaches such as ANN, Remote Sensing, and GIS are increasingly used for flood
modelling. To increase the accuracy of flood model and to handle some of the limitations of hydrological
model many other new techniques such as ANN, Fuzzy logic, Neuro-fuzzy are used to predict flood. All these
models are predicting flood by taking rainfall as input data and runoff as output data. Therefore the aim of
this study is to propose a flood model using various flood causative factors and integrate them with ANN and
GIS to make and simulate flood prone area at upper Yamuna River Basin, Haryana.

There are many features in ANN which make this technique valuable and attractive for forecasting task. These
are:-

e ANNs are data driven self-adaptive method which learn from past and capture functional relationship
among input and output if that is hard to describe.

o ANNs are generalize in nature which means they can correctly infer the unseen part if the data is noisy.

¢ ANNs are known as universal functional approximators’ means it can approximate any continuous function
to any desired accuracy.

e ANNs are nonlinear so more general and flexible approach for forecasting.

Study Area

Yamuna Nagar district in Haryana is located between 292 55 '30 2 31 'north latitude and 772 00" 772 35 'east
longitude. The total geographical area of the district is 1756 sq km, which is 4% of the total area of the state.
District boundary: Himachal Pradesh in the north, Uttar Pradesh in the east, Ambala district in the west,
Colonel and Kurukshetra districts in the south. Yamuna Nagar is the second largest industrial city of Haryana.
Population explosion, uncontrolled urbanization and industrialization have led to high waste production in
the Yamuna. Industrial waste contains significant amounts of volatiles, biochemical and their derivatives.
Most industries are small, have no sewer lines, and discharge industrial waste into offline channels and
streams, polluting the air, water and soil. (Sharma et al., 2013)

Study Area
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IL. DATABASE AND METHODOLOGY

In thisstudy, to forecast flood, seven inputs are taken these are as follows:-

Slope

Digital Elevation Model
Soil

Flow Accumulation
Geology

Land use/ Land cover
Rainfall

SN S RS

Slope

Slope map indicates the topography of a surface. The gradient map of the study area is prepared using ASTER
DEM data.The general slope of the district is from east-east to south-west and the major rivers of the district
are Yamuna, Saraswati, Markanda and Chautang. A part of the semi-mountainous region, the district is
divided into several nallas and rivers. All streams except the Yamuna are seasonal. The Yamuna is the source
of the Western Yamuna canal system which the State of Haryana needs for irrigation. Streams / rivers flowing
through the lower urban hills cause heavy flooding during monsoons. This required extensive planning of the
drainage system.
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Figure: Slope Map
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Digital Elevation Model

Thecurrent research activities are provided in and around the Yamuna River Hathnikund Barrage, the size of
the study area extracted using DEM (Digital Elevation Model) data. Area snap PowerPoint tool is used. The
Snap PowerPoint tool is used to confirm the selection of high accrued flow points when defining drainage
beds using a watershed device. Move the snap power point searches and spreading area to that location at a
second distance around the specified pulse points for the cell with the maximum collected flow. If the input
point data is a point feature class, it will be transformed into a local raster for processing. When there is only
one input pole point location, the output size is the size of the cache raster. If there is more than one pole
point location, theenvironment output is determined by environmental sites.
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Figure: DEM Map
Soil

Soil is an important part of the study of a river basin.Soil classification is based upon the soil survey
interpretation. Based on interpretation the potentialities and limitation of the soil can be obtained and such
information are used to construct database using GIS. In upper Yamuna basin our study have been covered
with six types of soils. These are Bhabar, Mountain meadow, Red, Brown, Yellow, SubMountain and older
alluvial soils.
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Figure: Soil Map
Flow Accumulation

Flow accumulation data was calculated in Arc GIS 10.5, The Flow Accumulation tool calculates accumulated
flow as the accumulated weight of all cells flowing into each downslope cell in the output raster. If no weight
raster is provided, a weight of 1 is applied to each cell, and the value of cells in the output raster is the number
of cells that flow into each cell.

Cells with a high flow accumulation are areas of concentrated flow and may be used to identify stream
channels. This is discussed in Identifying stream networks. Cells with a flow accumulation of 0 are local
topographic highs and may be used to identify ridges.
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Geology

Four main geomorphological areas can be identified in the catchment: (a) Archaean (b) Cambrian-Ordovician
in the middle part of the basin; (c) Quaternary which occupy the south western part of the area; and (d)
Palaeozoic lower part of the catchment area.

The lithology of a rock unit is a description of its physical characteristics visible at outcrop, in hand or core
samples, or with low magnification microscopy. The geomorphologic map of the entire project area has been
prepared mainly through Liss III satellite data on 1:50,000 scale. Some photographic details have been
transferred from Toposheet to the base map along with the interpreted units through satellite data.
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Figure: Geology Map

Land use/ Land cover

The main aim of the present research work is to monitor the land use/ land cover of the present study area
and to check the kind of impact on the flood. For this purpose Landsat 8 image was downloaded from USGS
Earth explorer. These processes include impact of climate, geologic and topographic conditions on the
distribution of soils, vegetation and occurrence of water. For better development and Flood management, it is
necessary to have timely and reliable information of land use and land cover. Keeping the above views in
mind, Prepared a land use/land cover map using Landsat 8 data.LU / LC classes are classified by help of Arc
Map 9.3 software.
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The earlierresearches shows that flood sizes increase exponentially as a higher fraction of precipitation falls
as rain, meaning the size of floods increased at a faster rate than the increase in rain. The impact of rain is
directly affect the flood area and its intensity. So the rainfall is a very important element for flood.

The upper basin Yamuna basin and its catchment area is located in Himalayas and monsoon region in
north India. India as in monsoon climatic region receive maximum rainfall in the months of May, June, July,
August and September. In monsoon season the Yamuna catchment receive high intensity of rainfall cause
floods in Yamuna Nagarand its surrounding areas in Yamuna River Basin. These floods affects economy,
agriculture, social and cultural life of the people of the Yamuna river basin.

Table: Summary of rain gauge stations in Upper Yamuna Basin

Station Mean monthly Minimum monthly Maximum monthly rainfall
rainfall Sept.2010 rainfall Sept.2010 Sept.2010 (mm)
(mm) (mm)

Bausan 68.18 1.6 208.6

Haripur 38.00 5.0 233.0

Naugoan 17.82 2.0 94.2

Tuini 13.73 1.6 39.4

Yaswant 11.5 1.0 65.0

Nagar

Average 29.85 2.24 128.04
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Simulation of Flood with ANN

ANN is a computingsoftware made up of a number of simple, highly interconnected processing elements,
which process information by their dynamic state response to external inputs. When the relationships
between input data and output data are unknown, they can make a powerful tool for simulation.

The process of ANN flood modelling for forecasting consists of three phases:-

ANN Architecture, training and testing.

ANN architecture

In this work, a three layered ANN architecture consisted of one 1 input layer, one hidden layer and an output
layer is used. Seven neurons in the form of elevation, topographic, soil, land use or land cover, geology, flow
accumulation, slope and rainfall data, which are the main causative factors for flood in input layer has been
used. Only one neuron corresponding to river flow in catchment area in output layer has been used. After
input variables and output variables are explained, 7-N-1, ANN architecture is defined as can be seen below:-

4 Feed-Forward Neural Network (view) — O X

Hidden Output

M w °"'_""l

20 1

Figure: Feed Forward Neural Network (7-N-1)
Network Training

The goal of train the model or network is to decrease the error betweenthe ANN output and the real data by
continuously updating the weightvalues by using Back Propagation algorithm so that model can successfully
predict target data from a givenset of input data. Once the minimal error is achieved thetraining process is
completed, and the FF algorithm is used toperform required function from whole data set.Here we have
applied following training process shown below with flow chart to train our 7-N-1 model which is used in this
study, where N represents number of nodes in the hidden layer. Byvarying the number of neurons in both
hidden layers, theneural networks are run several times to identify the mostappropriate neural network
architecture based on training andtesting accuracies. Most appropriate ANN is selected based onminimum
mean square error.
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Figure: Training Neural Network (7-N-1)
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Figure:Diagram of ANN for flood modeling
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Network Testing

When training of model is completed, testing data (different datasets) are used to find out the accuracy of
model. With the help of new datasets, performance of model was determined. These datasets will have same
property as of training data but these are not used for training of the network.

The outcome of testing is measured in terms of R2 whose value will be equal to 1 or approximate 1,which
means result is acceptable i.e. result is showing high level of forecasting. The ANN predicted river flow and
regression plot is shown below:

INPUTS HIDDEN LAYER ouTPUT

Figure: Regression Plots (R?)

Flood map setup by applications of ANN model

Maps related to flood help a lot to disaster management for planning in addition to an actual emergency
response to the floods. Assessment of flood inundation area is the most important responsibility and most
priority for decision makers. The outputs of the ANN model is integrated in GIS for visualization of the flood
extent and the flood inundation areas. This map is the best tool to quickly use as a potential impact
assessment and for rescue operations for any flood as well as to compute the type and number of buildings
affected by the flood. The simulated hydrograph is compared to observed river flow for this event at Hathni
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Kund barrage (Fig.5.18). Comparison between the forecasted and observed river flow the accuracy of model
is quite good, especially in high river flows. Since the topography is the main factor to specify the flood
inundation extent, the DEM map was used to determine the flood-prone area. The flood inundation area is
derived from the DEM based on water levels in the river cross-section.
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Figure: Flood Simulation Map

I11. CONCLUSION

In this chapter, a flood prediction model to forecast flood in Upper Yamuna River Basin, Haryana using
Artificial Neural Network (ANN) has been used. This model is predicting water level not only by taking
rainfall as input rather it is considering other causes also because a number of factors can be responsible for
changes of water level in river. This model is nonlinear in nature and therefore Multi Linear Perceptron
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(MLP) based ANN'’s Feed Forward algorithm is used. After creation of a database from inputs and outputs; the
succeeding phase is the training of the input data through “trainlm” training function that updates weight and
bias values according to Levenberg-Marquardt Optimization. Levenberg Marquardt (trainlm) function which
is one of the most effective and fast algorithm functions in the toolbox, also it modernizes the weight and bias
values with respect to the Levenberg Marquardt and is used by the proposed back propagation network
architecture because of its high efficiency.Maximum number of iteration to train the network is set to
1000.The training of the input data is done by the MATLAB software by using the NNTOOL. Training is
preceding step to testing of the input data with acceptable error is achieved. The NNTOOL automatically
retains 30% of the input data for testing and validation and 70% of input data for the training.

Statistical results showed that data fit well in the model. The analysis revealed that our model is successfully
predicting flood water level 48 hours ahead of time.

The model accuracy assessment is described in terms of error of forecasting or the variations between
observed and predicted values. Results showed that model has less SSE, MSE and RMSE. Overall errors are
negligible. The higher value (close to 1) of R2proves that model has excellent agreement with the real data.
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