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ABSTRACT

In this study, the performance of adaptive multilayer perceptron neural network (MLPNN) for predicting
the Dead Sea water level is discussed. Firefly Algorithm (FFA), as an optimization algorithm is used for
training the neural networks. To propose the MLPNN-FFA model, Dead Sea water levels over the period
1810-2005 are applied to train MLPNN. Statistical tests evaluate the accuracy of the hybrid MLPNN-
FFA model. The predicted values of the proposed model were compared with the results obtained by
another method. The results reveal that the artificial neural network (ANN) models exhibit high accuracy
and reliability for the prediction of the Dead Sea water levels. The results also reveal that the Dead Sea
water level would be around -450 until 2050.

1. INTRODUCTION

A key aspect of water resources management activities is to predict the level of water bodies such as
seas, rivers, and lakes (Ghorbani, Deo, Karimi, Yaseen, & Terzi, 2018; Yaseen et al., 2018). Artificial
neural networks (ANNs) models were used successfully to model the lakes and the river systems without
using experimental apparatuses(Buyukyildiz, Tezel, & Yilmaz, 2014; Esbati, Khanesar, & Shahzadi,
2017; Kakahaji, Banadaki, Kakahaji, & Kakahaji, 2013; Yaseen et al., 2018). Also, using an optimization
scheme in a predictive model can thus improve the performance of the NN models(Asteris & Nikoo,
2019; Ghorbani et al., 2018; Walczak, 2019).

The Dead Sea consists of the world’s biggest lakes and the water lakes threatened by drought due
to several factors such as lack of rain and exploitation of sea water (Al Rawashdeh, Ruzouq, Pradhan,
Ziad, & Ghayda, 2013; Dente, Lensky, Morin, Dunne, & Enzel, 2018). The Dead Sea is a unique and
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essential environment from an economic, environmental and tourist point of view (Kiro et al., 2017).
Numerous scientific studies have been published on the degradation of the Dead Sea water level using
radar interference (Al-Hanbali, Al-Bilbisi, & Kondoh, 2005; Closson et al., 2003). After that, Landsat
images for the period 1810-2005 was used to study the fluctuation level of the Dead Sea surface area
(Al Rawashdeh et al., 2013). In their study, the geographic information system (GIS) and Global Po-
sitioning System were used to predict of Dead Sea water level. In recent years, the intelligent methods
have been largely used in prediction of water level fluctuations in lakes (Esbati et al., 2017; Ghorbani et
al., 2018; Kakahaji et al., 2013). They have used hybrid artificial intelligence approaches and statistical
analysis or water level prediction. Moreover, no one used artificial intelligence models to estimate the
Dead Sea water levels.

In this study, the prediction of the future water level of the Dead Sea is investigated using multilayer
perceptron neural network (MLPNN) which is trained using the firefly algorithm (FFA). One of the main
advantages of MLPNN-FFA method is that FFA can easily optimally estimate the parameters of MLPNN.
Furthermore, the accuracy of the used methods is evaluated using various statistical parameters. Using
an optimization scheme in a predictive model can thus utilize the best NN parameters.

This paper is organized as follows. In Section 2, different methods including MLPNN and FFA are
described. In Section 3, the experimental results are discussed. Finally, Section 4 concludes this study.

2. METHODS
2.1. Multilayer Perceptron Neural Network

ANNSs are mathematical models which are inspired by the way the biological nervous systems (Ghorbani
et al., 2018; N. Hamadneh, Khan, & Tilahun, 2018; N. N. Hamadneh, Khan, & Khan, 2018; Heidari,
Faris, Aljarah, & Mirjalili, 2018; Pham, Bui, Prakash, & Dholakia, 2017). MLPNN is one of the widely
known of feedforward artificial neural networks(Ghiasi, Irani Jam, Teimourian, Zarrabi, & Yousefi,
2019). In this study, MLPNN has used for prediction the water level of the Dead Sea, where Figure 1
shows the location of the Dead Sea (https://www.nationsonline.org/oneworld/map/jordan_map.htm,2018).

MLPNNS s have three types of layers, which include the input layers, hidden layers, and the output layer.
Figure 2 shows a structure of MLPNN (Jadidi, Menezes, de Souza, & de Castro Lima, 2018; Mefoued,
2013; Yeung, Li, Ng, & Chan, 2016).

The activation function (sigmoid function) in the hidden layer can be written as:

1_ —2x
— tanhs =— % ( (1)
y —2x
1+e

1119



10 more pages are available in the full version of this document, which may
be purchased using the "Add to Cart" button on the publisher's webpage:
www.igi-global.com/chapter/dead-sea-water-levels-analysis-using-artificial-

neural-networks-and-firefly-algorithm/289002

Related Content

Application of Pi-Sigma Neural Networks and Ridge Polynomial Neural Networks to Financial
Time Series Prediction

Rozaida Ghazaliand Dhiya Al-Jumeily (2009). Artificial Higher Order Neural Networks for Economics and
Business (pp. 271-293).

www.irma-international.org/chapter/application-sigma-neural-networks-ridge/5286

Theoretical Analyses of the Universal Approximation Capability of a class of Higher Order Neural
Networks based on Approximate Identity

Saeed Panahianand Zarita Zainuddin (2016). Applied Artificial Higher Order Neural Networks for Control
and Recognition (pp. 192-207).
www.irma-international.org/chapter/theoretical-analyses-of-the-universal-approximation-capability-of-a-class-of-higher-

order-neural-networks-based-on-approximate-identity/152104

Application of ANN and PSO Swarm Optimization for Optimization in Advanced Manufacturing:
A Case With CNC Lathe

Nehal Dash, Sanghamitra Debtaand Kaushik Kumar (2022). Research Anthology on Atrtificial Neural
Network Applications (pp. 804-823).
www.irma-international.org/chapter/application-of-ann-and-pso-swarm-optimization-for-optimization-in-advanced-

manufacturing/288987

A Complex-Valued Hopfield Neural Network: Dynamics and Applications

V. Srinivasa Chakravarthy (2009). Complex-Valued Neural Networks: Utilizing High-Dimensional
Parameters (pp. 79-103).
www.irma-international.org/chapter/complex-valued-hopfield-neural-network/6765

A Novel Hybridization of ARIMA, ANN, and K-Means for Time Series Forecasting

Warut Pannakkong, Van-Hai Phamand Van-Nam Huynh (2022). Research Anthology on Atrtificial Neural
Network Applications (pp. 1532-1558).
www.irma-international.org/chapter/a-novel-hybridization-of-arima-ann-and-k-means-for-time-series-forecasting/289028



http://www.igi-global.com/chapter/dead-sea-water-levels-analysis-using-artificial-neural-networks-and-firefly-algorithm/289002
http://www.igi-global.com/chapter/dead-sea-water-levels-analysis-using-artificial-neural-networks-and-firefly-algorithm/289002
http://www.irma-international.org/chapter/application-sigma-neural-networks-ridge/5286
http://www.irma-international.org/chapter/theoretical-analyses-of-the-universal-approximation-capability-of-a-class-of-higher-order-neural-networks-based-on-approximate-identity/152104
http://www.irma-international.org/chapter/theoretical-analyses-of-the-universal-approximation-capability-of-a-class-of-higher-order-neural-networks-based-on-approximate-identity/152104
http://www.irma-international.org/chapter/application-of-ann-and-pso-swarm-optimization-for-optimization-in-advanced-manufacturing/288987
http://www.irma-international.org/chapter/application-of-ann-and-pso-swarm-optimization-for-optimization-in-advanced-manufacturing/288987
http://www.irma-international.org/chapter/complex-valued-hopfield-neural-network/6765
http://www.irma-international.org/chapter/a-novel-hybridization-of-arima-ann-and-k-means-for-time-series-forecasting/289028

