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Abstract— Abundant floods and cyclones are the major cause of
large emergency and acute ruin of properties in various
countries. Usually floods are acknowledged as one of the most
crucial problem in Malaysia, Indonesia, Bangladesh and France
etc. Diverse techniques were carried out for a robust prediction
system to investigate the flash floods. A dynamic system for the
identification of run offs involves the computation of water peak,
rainfall velocity, Global Positioning System-Precipitable Water
Vapor (GPS PWYV), wind speed, orientation, complex levels of
river, land humidity, oceanic basement pressure and flash flood
color with authentic cognizance algorithms. Accurate and precise
forecasting of floods is very complex as it depends on many
factors like precipitation, cloud to ground flashes, geo-magnetic
field, color of water, wind velocity, wind direction, temperature
and others. In this research paper classification approaches like
Linear Support vector machine, Quadratic Support vector
machine, K-nearest neighbor and Linear discriminant analysis
have been implemented to classify the true positive event of flash
floods accurately and precisely. Comparative analysis has been
performed between these three algorithms to determine the
highest accuracy algorithm. Parametric comparison and results
of training and testing proved that Support Vector Machine
(SVM) performed very well.

Keywords— Flash flood forecasting, false alarm rate, natural disaster,
Support Vector Machine, K-NN, QSVM

I. INTRODUCTION

Flash flood can be regarded as a leading instinctive hazard all
over the world that profoundly affect living things safety,
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worthwhile accouterments, infrastructure, longhorn and
farming production. Techniques can be categorized into two
types of engineering (building of waiter bank and non-
engineering (early identification investigation of flash floods
using Al). These types were further advanced and developed
by using instrumentation and Al based algorithms [1].
Automatic Target Recognition Algorithms produced more
false alarms as they depend on the climatic conditions where
they are installed. False alarms are produced due to the harsh
environment and complex anisotropy of the sea-floor Williams
et. al. [2-4]. Dual Tree Complex Wavelet Transform
(DTCWT) was used to measure the textural characteristics
like areas of the sea having same design and patterns Clutter
characteristics were investigated by Markov Random Field
(MRF). ATR was compared with the sea-floor filter. A lesser
effect was observed in the results proving that this approach
can be used to minimize the false alarm in the ATR. An
adequate system requires early warning of runoffs and exit
routes guidance [2]. To design a disaster management model
is quite complex as sewages are the combination of various
irregular objects. [3-5]. Many sensors like acoustic sensors,
seismic sensors, passive infrared sensors etc.) have been
deployed for sensing the flash flood and seismic activity. UGS
are cost effective solution. Commonly Unattended Ground
sensors have large fake alerts ratio because of inadequate
algorithms. [6-7]. Smaller batteries backup is also a crucial
problem for sensed data transmission [8]. Parameters for the
uttermost identification of flash floods includes computation
of the rainfall intensity, water level, lake levels, wind velocity,
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wind pressure, temperature, color of the water, distance,
blockage, wave current pattern, wind direction, GPS-
Precipitable Water Vapor, moisture level, Flickers from cloud
to ground surface and bathymetry assessment, hydrological
and climatic differences have been taken as the criterion to
evaluate the deadly floods [9]. Fuzzy logic, Multi-layer
perceptron(MLP), back propagation neural network, Support
vector machine (SVM), extended Kalman filtering (EKF),
Adaptive neural fuzzy interference system (ANFIS), Neural
network autoregressive model with exogenous input
(NNARX) and Particle Swarm Optimization (PSO) based
structure have been developed to forecast the floods. WARN
receives input from pressure spectator (lower surface of
ocean) and computes to disclose the signs of shockwaves from
earth [10-12]. To minimize the false alarms in forecasting
floods, Multi-layer perceptron(MLP) based neural network
was configured [13]. Arithmetic method was enforced and
three hours’ data were processed. The second procedure was
applied for the calculation of rainfall [14-15]. Ultrasonic
sensors with camera have been used to measure the false
alarm rate in forecasting [16]. A fresh novel research was
found in which geomagnetic field changes were measured
using tesla meters during the extreme flash floods [17-18].
Results showed that during the flood event magnetic field that
is usually propagated from the earth center rapidly reduced
[19]. Scaled conjugate gradient worked better in the
forecasting of floods [20].

II. PROBLEM STATEMENT

Flash floods are very abrupt and causes infrastructural and
human loss. Accurate early forecasting of flash floods with
less false alarms has been a crucial topic for researchers since
decade. Many diversified approaches were studied but they
were not up to the mark due to the inadequate algorithms or
missed data. Accuracy and reliability of sensors deteriorated
due to the poor sensitivity in harsh environment. In this
research paper the data has been collected from Pakistan
Meteorological Department and Machine Learning Classifiers
have been implemented to diminish the false alarm rate.
Forecasting flood at a particular location depend essentially
only on measurements that could be measured on location.
Estimation of the sky, wind and temperature conditions as
well as the previous data of the regional climate history may
vary according to the change of venue.

III. METHODOLOGY
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Fig. 1. Basic Flow Diagram
Initially data was collected from the Pakistan
Meteorological Department. The data was in raw form it was
filtered initially and then machine learning classifiers were
applied.

B. Risk Levels

Risk levels were decided for the forecasting of floods. Low
level was defined as class 0 flood. Class 1 has some moderate
risk for the flood event and class 3 is the High alert for the
flood risk.

CLASS 0 =Low
CLASS 1 = Moderate
CLASS 2 = High



C. Data Collection
Table 1: PMD Dataset for 2016-2017

processed as Y, according to the value of weights Wi. In our
case study three hyperplanes were created
HP1, H2 and H3 are the planes:

The collected dataset that has been used for research paper
comprised of eight attributes and the time duration of the
dataset is for previous two years 2016-2017. Each of the
attribute of dataset contributed to the training of model and
helped in training of algorithm as they are logically and
mathematically co-related with each other. Usually climate
has tremendous repetition, so the main task of the model is to
find models that often appear in the data set and learn about
changes that will allow you to predict these common models.
The forecast requires a large amount of data and the number of
data is directly proportional to the efficiency and reliability of
system. It is clear that data is never normally present, but
always includes irregularities and layoffs. Therefore, we must
eliminate these irregularities and layoffs to prepare the data for
processing. Data was received in a clear and standardized way.

D. Support Vector Machine (SVM)

Support Vector Machine
(SVM) can be acknowledged as supervised machine learning
algorithm. Usually SVMs are applied to solve the
classification and regressions problems. SVMs classifies the
data by creating Hyperplanes which segregates the data.
Identification of Hyperplane is also mandatory in order to
classify the data accurately and precisely. In easy words
Hyperplane can be considered as the decision surface for the
support vectors. Support vectors are the nearest points to the
hyperplane which creates classification boundary. Input for
the SVMs can be taken as Xi, X2, X3.....Xn and output would be
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Fig. 2. SVM Predictions Model

Fig. 2 shows the prediction model for Support vector machine

(SVM). Data values have been graphically illustrated in this

figure.
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Fig. 3. SVM ROC

ROC is the graphical evaluation and visualization of the multi-
class classifier performance. The higher the area under
curve(AUC) the higher the classification of classes. Receiver
operating characteristics (ROC) curve has been sketched with
True positive rate at y-axis with False positive rate(FPR) at x-
axis. Area under the curve (AUC) achieved 0.99 value which
is very high. Generally, it is said that the more the AUC is
closer to one the better performance of classification would be
achieved therefore AUC can be acknowledged as yardstick to
gauge the multi-class classification.
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Fig. 4. Linear SVM Confusion Matrix
Fig. 4 presents the confusion matrix for the linear support
vector machine (SVM). True positive, True negative, False
positive and false negative can easily be estimated by the
confusion matrix. Performance measurement of any classifier
depends upon the AUC, precision, f-measure, recall and
accuracy parameters which can be calculated by the True
positive, True negative, False positive and false negative. In
this figure confusion matrix shows that class 0 has achieved

97% accuracy in classifying true discovery and false positive
rate was around 3%. Class 1 has achieved 96% accuracy of
classifying true discovery rate and false positive rate was 45.
Moreover, greater than 99% was achieved in class 2 while
false discovery rate was found to be less than 1%.

Recall is the measurement of corrected classified values out of
the all positive classes. The higher the recall the better the
performance. Recall can be measured by using eq. (10).

Ty

Rl = v I (10)

F-measure can be acknowledged as the comparative analysis
or to know the comparison between recall and precision.

2 ® Recall » Procisfon
Recalt + Precizfan (11)

F = measire =

The estimation of actual positive out of all positive can be
classes can be found be precision.

o TF
Precision = To 7P (12)
Table 2: SVM Parameters
SVM Parameters Results
Accuracy 97.4%
Prediction Speed 5300 obs/sec
Training time 7.5003 seconds
Precision 0.97
Recall 0.98
F-measure 0.98
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Fig. 5. Quadratic SVM Confusion Matrix
Fig. 5. Shows the confusion matrix of quadratic SVM. In
quadratic SVM Iwl has to be minimized. The following
quadratic function was applied:




min f(n) = £ e (13)

g(n)=yi*(w.nj)-b=0 (14)
g(n)=yi*(w.nj-b=10 (15)
g(n)=yi*(w.nj)-b=0 (16)

Quadratic SVM was applied to the data set and produced 92%
maximum accuracy in classifying positive values in class 1
and 8% false error rate was achieved in classifying positive
values. Class 2 achieved 96% efficiency in predicting true
positive values and 3% false classification was found. In class
2 positive predictive rate was around 99% and less than 1%
false discovery rate was calculated.
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Fig. 6. Quadratic SVM ROC
Generally, ROC is the graphical illustration and assessment of
the multi-class classifier performance. The maximum the area
under curve(AUC) the maximum the classification of classes
would be achieved. Receiver operating characteristics (ROC)
curve has been plotted with True positive rate(TPR) at y-axis
against False positive rate(FPR) at x-axis. AUC achieved 0.98
slightly less than the linear SVM.

parameter value is mandatory like in proper learning rate is
required in the cost function. Usually Euclidean distance is
calculated to find out the closest distance with the value of the
K. For the classes 0,1 and 2 three values of K would be
calculated. The nearest value of the Euclidean distance with the
value of “k” would be selected.

d=y (xL— xAL)}* + (x2 — xAZ)* (17)
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Fig.7. KNN Confusion Matrix

KNN confusion matrix has been produced to evaluate the
KNN algorithm classification performance. It has been
observed through the confusion matrix that 73% classification
rate was found to be positive while 27% false discovery rate
was determined for class 0. Class 1 achieved 93% positive true
rate and 7% false discovery rate. In class 2 same results were
achieved for the classification like in class 2.

Table 3: k-NN Parameters

Table 3: Q-SVM Parameters

K-NN Parameters Results
Accuracy 91.7%
Prediction Speed 13000 obs/sec
Training time 1.3133 seconds
Precision 0.91
Recall 0.89
F-measure 0.89

Quadratic-SVM Parameters Results
Accuracy 96.9%
Prediction Speed 24000 obs/sec
Training time 0.76163 seconds
Precision 0.95
Recall 0.96
F-measure 0.96

E. K-Nearest Neighbour (KNN)

“K” can be used as a controlling variable parameter for the
K- nearest neighbor classifier. Selection of suitable “K”

F. Linear Discriminant Analysis

Linear discriminant analysis is usually preferred when there
are more than two classes for the classification. LDA works in
a new dimension by using increased distance between means of
classes and minimum scattered variations known as co-
variance by using the following equation:

(pl = u2)®
al® & @2s (18)
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73% positive discovery rate was determined in classifying
class 0 using Linear discriminant analysis (LDA) while 27%
of false discovery rate was found. In class 1, 98% true positive
was classified and 2% of them were acknowledged as false
discovery rate. In class 2, 78% of true positive rate efficiency
was determined and rest of the 22% was found to be false
discovery rate.

IV. TESTING AND VALIDATION
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Fig.9. Training and Testing Graph

Actually the real performance of proposed algorithm for
classification or regression depends upon the training and
testing assessment. Sometimes proposed algorithms achieve
best training score but in testing they failed as the new data is
processed during testing. Here in our case Training and testing
curves proved that Support vector machine (SVM) performed
very well compared to the other existing classification
approaches with less false alarm rate. Training and cross
validation scores can be easily observed here. Cross validation
curves are used to evaluate the proposed classification or
regression model.

V. RESULTS AND DISCUSSION

Parameters Linear Q-SVM K-NN LDA
SVM

Accuracy 97.4% 96.9% 91.7% 87.1%
Prediction 5300 24000 13000 17000
Speed obs/sec obs/sec obs/sec obs/sec
Training 7.5003 0.76163 1.3133 1.4741
time (sec) seconds seconds seconds

Precision 0.97 0.95 091 0.87
Recall 0.98 0.96 0.89 0.81
F-measure 0.98 0.96 0.89 0.83

The learning process involves training with known data and
then tests to make sure the training process works as planned.
Results and verifications are defined in a confusion matrix that
demonstrates the correct classification and misclassification of
data. It also produces the accuracy of the model performance
test.

VI. CONCLUSION

Flood risk prediction system have been developed using
machine learning that eliminates the extra efforts involved in
manual estimation and provides the desired precision for
decision-making. The system has access to flood information
and the weather information, therefore it calculates the event
before time that can help concerned authorities plan. It has
been concluded that Support Vector Machine is the best
choice for numerical prediction if accuracy and precision is
the highest priority.
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