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Abstract - Thunderstorm is a form of weather
characteristic containing strong wind, lightning, heavy
rain and sometimes snow or hail. It can be associated with
a cloud type of cumulonimbus. Depending on its type,
thunderstorm has great potential to produce serious
damage to human life and property. Therefore, there are
many sophisticated instrument used to record weather
data such as Doppler radar and satellite. By using these
data, based on the statistical, mathematical or soft
computing technique can be done in order to predict the
occurrence the weather characteristic. This project
presents the application of artificial neural network (ANN)
in forecasting the thunderstorm occurrence in Shah Alam
based on the meteorological data. Therefore, several three-
layer feed-forward back-propagation ANNs were
developed in Matlab and each network was evaluated by
using cross-validation technique. A network with the best
performance in terms of its R-value was selected as the
best design. Thus, the forecasting of thunderstorm
occurrence can be successfully done.
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I. INTRODUCTION

Thunderstorm is one of the global phenomena that can
occur anywhere in the world at anytime. It is also
known as electrical storm, lightning storm or hailstorm.
This storm is a form of weather characteristic
containing strong wind, lightning, heavy rain and
sometimes snow or hail [1]. Although thunderstorm is
generally very short-lived phenomena, it has great
potential to produce serious damage to human life and
property such as lightning, damaging straight-line wind,
large sized hail, heavy precipitation and flooding [2].

Basically, thunderstorm can be associated with the
cloud called cumulonimbus cloud. Cumulonimbus
cloud can be categorized into family D of cloud which
developed in vertical way. It can be recognized by very
tall and large cloud appearance. This cloud usually
formed from cumulus cloud which grows vertically
instead of horizontally [3]. Therefore, some of the
parameter that produces this cloud is used as the input
for neural network based model.

Artificial neural network (ANN) is a branch of
artificial intelligence (AI). It is a mathematical model or
computational model that tries to simulate the structure
or functional inspired by biological neural network [4].
It consists of an interconnected group of artificial
neurons and processes information using connectionist
approach to computation. In most cases, ANN is an
adaptive system that changes its structure based on
external or internal information that flows through the
network during the learning phase. Therefore, ANN is
suitable for prediction and forecasting tasks.

ANN has several advantages. As stated in [5], the
advantages of the ANN are performing task that is a
linear program cannot and does not need to be
reprogrammed. Besides, ANN can be implemented in
any application without any problem. But, ANN also
comes with several disadvantages such as it needs
training to operate and require high processing time for
large network. It also needs to be emulated due to
different architecture with microprocessor.

This project presents the application of ANN in
forecasting the thunderstorm occurrence in Shah Alam
based on the meteorological data. In order to determine
the best network, several feed-forward back-
propagation of ANN designs were constructed using
Matlab and each network was evaluated by using cross
validation technique. ANN model with the best
performance in terms of its R-value was selected as the
best design. Thus, the forecasting of thunderstorm
occurrence can be successfully done.

II. METHODOLOGY

The research design for developing the forecasting of
thunderstorm occurrence consists of two stages. They
are data collection and development of the ANN.

A. Data Collection

There are two types of data be used in designing the
ANN, the meteorological data which acts as the input
and thunderstorm occurrence as the target output.
These data is taken at city of Shah Alam which cover



the whole month of April because of highest number of
thunderstorm occurs in this month for every year.
Besides, the data used is hourly data which be collected
from Malaysian Meteorological Services (MMS).
Meteorological parameters such as pressure, moisture
difference, wind and type of cloud were chosen as they
play important role in shaping the occurrence of
thunderstorm.

1) Pressure

Pressure is one the important parameters that determine
the weather condition. This is due to variation of
pressure for certain time will lead to wind. Therefore,
the pressure measurement is needed to predict the
atmosphere phenomena.

2) Moisture Different

Moisture different is the estimation of the content of the
water of the atmosphere. That’s mean the different
between dry bulb temperature (T) and dew-point
temperature (Ty) is actually the moisture different.
Furthermore, the moisture different is inversely
proportional with relative humidity which mean when
moisture different is high, the relative humidity is low
and vice-versa. Moisture different is important because
it transfers the heat from lower level to higher level.
Therefore, dry bulb temperature, dew point temperature
and relative humidity must be considered as an input for
ANN model.

3) Wind

Wind has the ability to impact surface transportation.
This ability is one of the factors that cause various
hazardous  weather conditions Therefore, the
measurement of speed of wind must be considered in
order to forecasting the thunderstorm occurrence.

4) Type of Cloud

Cloud type is use to determine either associated with
thunderstorm or not. Cumulonimbus cloud is the one
that associated with the thunderstorm. Therefore, type
of cloud is important to be considering as input for
ANN because it shows the existence of thunderstorm.

B. Development of the ANN

From Figure 1, ANN is a network that formed in three
layers. The first layer is the input layer where the
selected parameter comes into ANN and followed by
hidden layer and output later which the output is
produced. The input for ANN is the meteorological data
while the output is the thunderstorm occurrence. Each
layer consists of one or more nodes, represented in this
diagram by the small circles. The lines between the
nodes indicate the flow of information from one node to
the next.

Input Urits Hidden Units utput Units

Figure 1: Schematic Diagram of ANN

In order to determine the best network, several
feed-forward back-propagation of ANN designs were
constructed and each network was evaluated by using
cross validation technique. Cross validation is a model
evaluation method that estimates the generalization
error based on re-sampling.

1) Training Process

In order to determine the best network, each network
must be trained and tested to estimate its performance
configuration. The best result in terms of its R-value is
selected as the best ANN model. This could be done by
using cross validation technique which estimates the
generalization error based on re-sampling. It involves
partitioning a sample of data into complementary subset
where analysis is performed on one subset (training set)
and validating the analysis on the other subset
(evaluation set).

The cross validation technique can be divided into
two types. They are the holdout cross validation and K-
fold cross validation. For holdout technique, available
data is split into two sets called training set and testing
set respectively. The testing set is held out and not been
looked during training process. That means, holdout
technique use the training set only. Then, the training
set is subdivided into training set and evaluation set.
The training set is used to train the ANN model while
evaluation set is used to evaluate the ANN model by
estimating its mean absolute error (MSE). This process
is repeated for each ANN model. The advantage of this
technique is that it avoids the overlap between training
and testing data and takes shorter time to compute the
ANN model.



«— Training data —
[ 1] 2]3]4 |« validationse

. ot
S

Training set
Figure 2: Partitionig of Data for K=4

In K-fold cross validation, the training data is
partitioned into K subset. Of the K subset, a single
subset is retained as the evaluation set while the
remaining subsets are used as training set as shown in
Figure 2.

The training set is used to train the ANN model
while evaluation set is used to evaluate the ANN model
by estimating its mean absolute error (MSE). This
process is then repeated K times with each of the K
subset used once as the evaluation set. Then, the
averaged of the each K is been obtained to produce a
single estimate for ANN model. This process then is
done for each ANN model in order to determine the
best network.

2) Testing Process

Testing process is the process that measure the
performance of the trained model. It can be measured
by performing a linear regression analysis between
model output and target ouuput. The regression
coefficient, R with value close to one shows that there is
a strong correlation between both outputs. Then, the
best model is trained once again by using the whole
training data and testing data. It is suppose, this best
model should be able to forecast the thunderstotm
occurrence by measuring its R-value. Figure 3 shows
the whole process of development of the ANN in
flowchart.

III. RESULT AND DISCUSSION

The data were selected from meteorological based on
city of Shah Alam which cover the whole month of
April. There were 720 patterns selected, 480 were
utilized for training the model and 240 were employed
for the testing process. The meteorological will act as
the input data while the thunderstorm occurrence data
as the target output. Therefore, the developed ANN
model receives the input data and target output data to
produce the network output.

Several three-layer feed-forward back-propagation
ANN models were developed in Matlab. The network
configuration such as number of neuron and transfer
function were determined heuristically. The learning
rate and momentum constant were chosen as 0.5 and
0.9 respectively. These values were kept constant
for each model design at this stage in order to observe
the effect of different number of neuron and transfer
function.

Start

Load Training Data

Normalize Data

> Design ANN

A
Set Network Parameter

No

y
Train the ANN

Rcloseto 1

Yes

Save the Result

y
Load Testing Data

y

Testing Process

Check Testing

R-value — Rcloseto 1

Figure 3: ANN Algorithm



In holdout cross validation, the training data is
split into training and evaluation sets. The training set is
used to train the ANN models while the evaluation set
is used to evaluated the ANN models. For K-fold

validation, the training data is split into four equally sets.

One of these sets is used as evaluation set while the
remaining sets as the training set. Then, the same
process as in holdout cross validation are done in order
to determine the best ANN model.

The comparison between holdout cross validation
and K-fold cross validation depend on their R-value.
The ANN model with the highest R-value is selected as
the best network. This is due to R-value which closed to
one shows that there is a strong correlation between
target outputs and network outputs while R-value close
to zero indicates otherwise.

From Table 1, the best R-value for holdout is
0.8349 while for K-fold is 0.8655. Based on these, it
can be concluded that the ANN model trained using K-
fold cross validation gives better result that holdout
cross validation. It can also be seen that the best ANN
model for forecasting the thunderstorm occurrence was
a [8,5,1] configuration with tansig, logsig and purelin as
the transfer function trained using Levernberg
Marquardt technique. Figure 4, 5, 6, 7 and 8 show the
best result in terms of R-value for holdout cross
validation and R-value for each partition for K-fold
cross validation respectively.

TABLE 1: Comparison Between Holdout and K-fold Cross
Validation

No. of Transfer R-value

Neuron Function Holdout K-fold
Validation Validation

Logsig
10,8, 1 Logsig 0.8349 0.7998
Purelin
Logsig
10,8, 1 Tansig 0.8314 0.8203
Purelin

Tansig
10, 8, 1 Logsig 0.8297 0.8202
Purelin
Tansig
10, 8,1 Tansig 0.7646 0.8381
Purelin
Logsig
8,51 Logsig 0.7430 0.8313
Purelin
Logsig
8,5,1 Tansig 0.7701 0.8294
Purelin
Tansig
85,1 Logsig 0.8221 0.8655
Purelin
Tansig
8,51 Tansig 0.7458 0.8653
Purelin
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Figure 4: The Best R-value for Holdout Cross Validation
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Figure 7: The R-value for Partitioning for K=3
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Figure 8: The R-value for Partitioning for K=4

After the cross validation technique, the best ANN
model is trained using both training and evaluation sets
as the training data and evaluated by using the testing
data. For this time, the learning rate (Ir) and momentum
constant (mc) were varied between O to 1 in order to
improve the performance of the ANN model.

Table 2 and 3 show that the R-value varies when
the values of the learning rate and momentum constant
were varied. The best performance configuration for
forecasting the thunderstorm occurrence are 0.8 for
learning rate and 0.2 for momentum constant. The R-
value obtained by this model was 0.8907. Table 4
shows the best properties for ANN model in order to
forecast the thunderstorm occurrence while Figure 9
shows the best R-value for this properties.

TABLE 2: Performance of Momentum Constant (mc)

Learning Rate Momentum 2. valie

(Ir) Constant (mc)
0.1 0.8307
02 0.8877
0.3 0.8346
0.4 0.8033
0.5 0.8377

02 0.6 0.8433
0.7 0.8033
0.8 0.8868
0.9 0.8441
1.0 0.8776

TABLE 3: Performance of Learning Rate (Ir)
Momentum Learning Rate
Constant (mc) (ir) R-Vaine

0.1 0.7996
0.2 0.8455
0.3 0.8152
0.4 0.8191
0.5 0.8069

= 0.6 0.8583
0.7 0.8237
0.8 0.8907
0.9 0.8783
1.0 0.8564

Forecasting
ANN Properties Properties

Network Configuration [8,5.1]
Transfer Function Tansig, Logsig, Purelin
Learning Rate 0.8
Momentum Constant 0.2

Training Technique Levernberg-Marquardt
Epochs 100
Regression Coefficeint, R 0.8907
Accuracy 89.07%
Training Pattern 480

Testing Pattern 240
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Figure 9: The Best of R-value for ANN Model for Thunderstorm
Forecasting

IV. CONCLUSION

This project mainly presents an approach to forecast the
thunderstorm occurrence based on the meteorological
data. Several three-layer feed-forward back-propagation
networks were developed by using Matlab. Then, cross
validation technique was employed in order to
determine the best ANN design by evaluating its mean
absolute error. The result shows that the K-fold cross
validation produced a better result in terms of the R-
value than holdout cross validation. The optimal values
of momentum constant and learning rate were found to
0.2 and 0.8 respectively. They were obtained by testing
all possible values within the range of 0 to 1. Therefore,
the forecasting of thunderstorm occurrence can be
successfully done. In future, it is recommended to use
large data in order to improve the thunderstorm
forecasting. It is either by adding some new parameter
such as low pressure area and vorticity for input data or
increase the number of data by using data for a year.
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