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Abstract---Flood occurrences happen in a particular place(that
particular place may be anywhere) due to many causes, it may be
due to dam’s outbreak, because of poor infrastructure design aid
during heavy rainfall times, Massive Rainfalls in a particular area,
snowmeltin northern areas, and climate changes. In this work, Heavy
Rainfall is considered as the major factor or key attribute for
predicting the floods, particularly, the rainfall downpour amount for
each month and annual rainfall value to predict flood occurrence in a
particular place and in that particular season. In the work, Artificial
models namely KNN Classifier, Logistic Regression, Decision Tree
Classifier, Random Forest Classifier and Ensemble Learning and
Deep learning architectures i.e. LSTMs (Long-Short Term Memory)
and MLP (Multi Layer Perceptron) for predicting floods by comparing
the accuracy obtained by ML models and Deep Learning models. The
analysis is going to be done in three parts, the first part is the
comparison of testing and training accuracies between each and
every Machine learning models i.e. 5 state-of-the-art models which
are mentioned above, the second part is to compare the test and
train accuracies between the two deep learning architecture which
are mentioned above. Finally, considering all the 7 architectures,
identify the best model which is suitable for predicting the floods in a

particular area.
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Introduction

Floods are hazardous in many ways, floods can occur in a form of natural
disaster(heavy rainfall, river overflow, etc) or in a form of infrastructural error
like break out of dams or flood gates, etc., we all know that floods create so
much loss for people residing in the coastal areas or in otherterrains [13]. Due to
flood occurrence, mainly the farmers aswell as common people, the crops which
they have been harvesting for some period of time will be damaged in an
instant. There is a susceptibility of flooding in that particular place or in other
terrains it might cause landslides which later becomes a serious hazard [12]. So
many state-of-the-art Machine Learning Models which were teamed up with
sensors i.e. water-level readings will predict the susceptibility of floods in a
particular area. The aim of this paper is to apply different state-of-the-art models
to predict the flood (it might be any place) and analyze the state-of-the-art-
models[10].

Related Work

This paper has examined different Machine Learning [5] and deep learning
models [15]. They are mentioned below.

a) KNN Classifier: It is a distance based machine learning algorithm. It has the
power for classification and regression of data points as well since it is a
supervised learning algorithm. If we take a new flood susceptible point from a
dataset, it first calculates the distances from its neighbors, then it picks the
nearest one out of them. It is advisable to pick an odd number of datapoints of
different classes in order to classify them with ease.This works on the rule of
majority votes in the near neighbors.

b) Logistic Regression: It is another supervised machine learning algorithm that
can be used for classification as well as for class probability elimination
[3].Logistic regression is a linear regression wused for classification
problems.Logistic regression is wused to classify different items. If the
classification is to be made between two classes then it is a binary logistic
regression. In this type of regression there arepossibly 2 types of outcomes either
0 or 1. When there are more classes to be classified, it is said to be multinomial
logistic regression.
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Figure 1 - knn algorithm classification

In this type of regression, they can have any number of outcomes, i.e.,the model
can give any class as the output. When all the classes are ordered, then it is said
to be ordinal logistic regression.Output of this type of regression is same as
multinomial logistic regression since it is used for binomial classification when
the dataset is categorical. In logistic regression, we do linear regression by
applying a sigmoid function for classification.
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Figure 2 - Linear Regression vs Logistic Regression

c) Decision Tree Classifier: Decision Tree Classifier is a supervised learning
based algorithm which is used for both classification and regression problems.
This model's aim is to predict the class or a value of the target variable by
following the decision tree algorithm from the training data. In the structure,
internal nodes of a tree represent features of data, leaf nodes represent outcome
and decisions are represented by branches.This decision tree uses multiple
binary classification to get the result out as is represented in Figure 3.

d) Random Forest: Random Forest is a supervised learning based algorithm
which is widely used in both regression and classification problems [11]. This
model builds decision trees on different samples. The majority vote is taken for
classification and the average value is taken for regression problems respectively.
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Figure 3- Model of decision tree classifier

Speed of the model is very high due to the architecture of classification. In a
random forest, ‘n’ number of records are made and each record will be assessed
individually by building a decision tree. Each decision tree will give a single
output and the final output will be decided by the maximum number of votes
from these outputs.A sample dataset is divided into 3 decision trees. Each
decision tree predicts whether the test data belongs to class A or class B. If the
majority of trees predict the test data belongs to class A thenthe random forest
gives output as test data belongs to class

A. The same is shown in Figure 4.

Output : CLASS A

Figure 4 - Random Forest Working architecture

e) Ensemble Learning: Ensemble learning usually uses multiple models to
predict the class of the test data. The random forest predicts the output from
different decision trees. Here multiple models come into the picture instead of
decision trees. Models can be of the same type or different. All models in
ensemble learning are called Ensemble members. All these members must be
trained on the same data. Ensemble learning is a supervised-based learning
algorithm. This model combines KNN, Logistic Regression, Decision tree,
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Random Forest predictive analysis to make another predictive analysis to
obtain better accuracy Which is illustrated in Figure 5.

Ensemble
Model

L

Higher Accuracy

Figure 5 - Ensemble model of Machine vLearning models in this paper

Now coming to the DeepLearning models [4], in this paper, two state-of-the-art
deep learning models are considered. They are LSTM(Long Short Term memory)
neural networksand MLP(Multi Layered Perceptron) neural networks [14].

fy LSTM: Recurrent Neural Network (RNN) has short-term memory due to
vanishing gradient problems which resulted in the introduction of LSTM [1]. This
is achieved by introducing other state Long-term memory. Long-short term
memory(LSTM) is a type of recurrent neural network. LSTM has 2 states a)
Hidden state - Short term memory b) Cell state - Long term memory. Long term
and short term memory together remember the data for further use of the data
and are also capable of learning order dependence. Due to the ability to read or
memorize the long-term dependencies, LSTM works on any dataset if data is
sequential. The prediction is done by taking the previous information/data into
consideration [7][8].

e) MLP : Multi Layer Perceptron can remember a large amount of sequential data
[6]. RNN’s are used for remembering data as the patterns are good at
remembering the historical sequential or related datal2]. This depends on the
neural network for classification of the testing data. Same is represented in
Figure 6
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Figure 6 - Architecture of MultiLayered Perceptron
Dataset
Dataset consists of 100 years of rainfall observations in westbengal.This is

recorded and publicly available. Using this data directly gives less accurate
results. So, pre-processing or refining data is mandatory before supplying the
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data to a model. Rainfall data has a major effect in raising the water level of the
place further, leading to flooding in the area even though the flood occurrence
also depends on the altitude and sea level of the particular place. This paper
considers rainfall as a major factor in the occurrence of floods. These rainfall
values are pre-processed as per requirements of the individual model. Model’s
output is recorded as Flood Occurrence Rate (FOR) for each and every model.
The Dataset consists of the Rainfall value and Month with the Year of the record.
A record of 105 years (1901 - 2015) is used to predict the FOR[16].

As this paper has considered supervised algorithms for prediction, all the
specified models are provided with the supervision values of flooding. A new
column is generated using the average rainfall value. This new one tells the
occurrence of the flood(Binary - Whether YES/NO).
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Figure 8 - History of the rainfall

Preprocessing

Dataset with the above-mentioned properties are submitted to analyze the data.
Based on the model’s preference, the preprocessing is done using different
methods like Minmax scaler, which helps for scaling features, and
model_selectionfor setting a blueprint to analyze data.
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Results and Discussion

KNN classifier is a supervised algorithm, it is given with actual ground truth
information. Neighbor module is used for more accuracy as it uses Ball Tree,
KDtree for prediction. KNN-classifier determines whether the training data’s
FOR is true/false. As discussed earlier, a new columnis generated with respect
to the average value of Rainfall of all the records. It predicts the value as per the
nearest neighbors. After completion of training, Model is tested with other data
and then the accuracy of this particular model is given as 68.33%.

Logistic Regression predicts the binary output with previous observations or by
recalling the recent observations. MinMax scaler is applied on the dataset for
extracting and scaling the features upto the range. The Cross-Val-Score module
is used for evaluating the scores.Accuracy score, recall score and roc score are
82.608696 ,66.666667 and 79.761905 respectively.

Figure 9 - Actual Values
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Figure 10 - Predicted Values

The Decision Tree Classifier helps in classifying the problem by the divide and
conquer rule.Tree with binary classification at each level takes the pre-processed
data directly. The Decision Tree classifier bisects the space on the graph into
small regions for classifying the data. Accuracy score, recall score and roc
score are 86.956522

,100.000000 and 89.285714 respectively.
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Figure 12 - Predicted Values

Random forest works similarly to decision trees. Random forest gives the output
of multiple decision trees. Random forest is implemented here with a depth of 3.
Random forest-produced accuracy score, recall score and roc score are
86.956522 ,77. 777778 and 85.317460 respectively.

Ensemble learning uses the knowledge of multiple models or architectures to
classify the test object. This Ensemble learning model uses all the above-
mentioned machine learning algorithms i.e.., KNN, Logistic Regression,
Decision tree classifier and Random Forest Classifier. This one has predicted
with test accuracy 81.20%.
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Long-short term memory Modelis a recurrent neural network. So, this is given
by extending the dataset with some precision values. Dataset size is increased
with negligible size precision values for better plotting and other result views[9].
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Dataset after precision is shown in Figure 13. MinMax scaler and other modules
are also used for extracting the feature. Precision values train and test values are
shown in Figure 14. When new test values are given to the trained model, it
produces the results as per the plot shown in Figure 15 whereas ground truth
or actual values are in Figure 16. Final accuracy of the model is approximately
75%.

Multi-Layered Perceptron is also a Deep Learning model which might require a
high volume of data for good predictions. So, this model is also supplied with
precisioned data of the original dataset. As this is one of the neural networks
which remembers large amounts of sequential data, it is good at remembering
patterns. Figure 17 represents the Epochs vs Cost plot. This model gives an
accuracy of 88%.

Figure 17 - Ep?chs vs Cost
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S.No | Name of the Model Machine Learning / Deep Leaming | Accuracy
1 K Nearest Neighbour Machine Learning 68.33%
2 Logistic Regression Machine Leamning 82.60%
3 Decision Tree Classifier Machine Learning 86.95%
4 Random Forest Classifier Machine Learning 86.95%
5 Ensemble Learning Machine Learning 81.20%
6 Long-Short Term Memory Deep Leaming 75%

7 Multi-Layered Perceptron Deep Learning 88%

Figure 18 - Accuracy results of all models
Accuracy vs Model
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Figure 19 - Accuracy vs Model

Table 1 shows all accuracies produced for the supplied rainfall data.The same is
shown in Figure 19.

Conclusion

Flood Prediction is calculated using different Machine Learning Models (KNN,
Logistic Regression, Decision Tree Classifier, Random Forest Classifier),
Ensemble Learning Model of Machine Learning models and Deep Learning
Models (LSTM, MLP classifier). The highest accuracy of 88% is generated by
Multilayered Perceptron. Being a Deep Learning Model, MLP can learn non-linear
data in real time which results in better accuracy compared with other models.
In future, our model will be implemented in graphics processing units to get high
throughput along with faster performance.
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