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                            ABSTRACT
	The recent scientific advances in understanding the hierarchical nature of the lithosphere and its dynamics based on systematic monitoring and evidence of its space-energy similarity at global, regional, and local scales did result the design of reproducible inter mediate term middle-range earthquake prediction technique. The real-time experimental testing aimed at prediction of the largest earthquakes worldwide from 1992 to the present proved statistically a possibility of practical earthquake forecasting although of limited precision. In the first approximation, an accuracy of 1-5 years and 5-10 times the anticipated source dimension is achieved. Further analysis of seismic dynamics allows reducing the spatial uncertainty down to 1-3 source dimensions, although at the cost of additional failures-to-predict. Despite of limited accuracy a considerable damage could be prevented by timely knowledgeable use of the existing predictions and earthquake prediction strategies. The link of theoretical research in modeling earthquake sequences in frames of statistical physics on the one hand and instrumental and algorithm developments on the other hand help developing a new generation of earthquake prediction technique of higher accuracy.


                                CHAPTER-1
INTRODUCTION
	Earthquake occurs due to the relative movement of the tectonic plates that make up the Earth’s crust. The most of the damage although occurs at places located along plate boundaries, the stable continental regions also occasionally experience disastrous events. The stress caused by this movement travels large distances and therefore places at larger distances from the plate boundary may also suffer. Among several natural disasters, earthquake is the most crucial one that causes damage within a few minutes. While the primary effect of earthquake includes intense ground shaking, building collapsing and land splitting, the secondary effect may involve landslides, land-subsidence, fire, gas leakage, electric grid blackouts and tsunami. A recent survey from United States Geological Survey (USGS) shows that the last decade experienced approximately 450,000 deaths due to earthquakes. It not only breaks the backbone of the socio-economic ecosystem of a nation, but also ignites the lack of earthquake hazard preparation. This threat cannot be averted by mankind, but if properly analyzed, the damage can be substantially minimized. Artificial Neural Networks (ANN) are increasingly used in predicting and classifying tasks because of their ability to capture the inherent complex relationship of a process with the set of inputs (Lakshmi and Tiwari, 2006; Madahizadeh and Allamehzadeh, 2009; Alarifi et al., 2012; Niksarlioglu and Kulahci, 2013; Reyes et al., 2013; Sriram et al., 2013; Zamani and Sorbi, 2013; Amar et al., 2014; Florido et al., 2016; Kurach and Pawlowski, 2016; Narayanakumar and Raja, 2016; Asencio-Cortes, et al. 2017; ´ Perol et al., 2017). The ANN modeling requires finding two important factors: set of inputs and set of hyper-parameters. Therefore, the performance of ANN is evaluated based on different inputs and also for different set of hyper-parameters given to the network (Lakshmi and Tiwari, 2006). For this particular task, there are so many factors involved in the process that other model based approaches cannot accommodate as accurately as neural network does (Perol et al., 2017). In literature, there are very limited studies available that specifically compares the performance of different neural networks on the basis of different set of inputs and the number of hidden layers (Lakshmi and Tiwari, 2006; Reyes et al., 2013; Asencio-Cortes et ´ al., 2017; Perol et al., 2017). This study therefore is an attempt to address that gap to an extent. For this purpose, the study presents a systematic comparison of different neural network architectures with different hyper-parameter and different set of inputs. Moreover, the application of neural networks in the field of now casting earthquakes is a developing area, and virtually no literature is available for determining the natural time statistics for seismic hazard analysis. This study considers Long Short Term Memory (LSTM) architecture, along with the different set of hyper-parameters to obtain the least error in prediction (Wang et al., 2017). The neural network models developed in this study can prove beneficial to the community because it can be used to create an early-warning alarm system so that the loss is minimized (Reyes et al., 2013). The following section lists out the efforts done in order to achieve the objective. The extreme catastrophic nature of earthquakes is known for centuries due to resulted devastation in many of them. The vulnerability of the world civilization to disastrous earthquakes keeps increasing rapidly. The direct economic loss in a single event proved surpassing the level of $100,000,000,000. This happened as a result of an earthquake in 1995 Kobe, Japan that was not the largest possible in the region. A repetition of the 1923 Tokyo earthquake is capable of provoking a global economy crisis in addition to unprecedented humanitarian losses. Surely, earthquakes are not the only source of major disasters; however, the six of them (and apparently far from the great ones) are listed among the 20 largest catastrophes of the last decade of the 20th century. That is why earthquake prediction is widely recognized as one of the global challenging problems facing the mankind in the 21st century. The abruptness along with apparent irregularity and infrequency of earthquake occurrences facilitate formation of a common perception that earthquakes are random unpredictable phenomena. The challenging questions remain pressing: What happens during an earthquake? How to size earthquakes? Why, Where and When do earthquakes occur? The basic difficulty in answering these questions comes from the fact that no earthquake has been ever observed directly. Therefore, the most important tasks in studying earthquakes at present is obtaining observational constrains from systematic analysis of the geologic, geodetic, gravity, heat-flow, petrochemical, geomagnetic, seismic and other data available and linking them together in plausible models and interpretations. It would be misleading to pretend that the state-of-the-art Physics of earthquakes is a well developed branch of Science, which deserves including into school programs and textbooks 2 (although a basic knowledge about earthquakes in seismic regions, in particular, help avoiding losses of life and reduce physical damage). To the contrary most of Seismologists clearly understand the pioneering and, therefore, juvenile nature of the present day physical problems related to earthquakes (Kanamori, Brodsky, 2001). The mature wisdom of any science is determined by its ability to predict phenomena in study. This paper intends to outline what can be predicted about a “ground shaking” and to discuss the limits of such predictions in advance of a target earthquake.







CHAPTER 2
2. SYSTEM ANALYSIS
2.1 EXISTING SYSTEM

The architecture of the neural network model for predicting the earthquake occurrence. The input neuron layer has seven nodes representing the seven seismicity indicators. They are used to recognize the pattern of earthquake occurrences. It can also be employed for predicting the nature of the future events and as well as mitigation of earthquake risk. The learning method in this paper is back propagation. It consists of two main phases: propagation and weight update
2.1.1 DRAWBACKS OF EXISTING SYSTEM 
The problem of earthquake prediction as a classification task where the magnitude ranges of the largest seismic event in a pre-defined time window (for instance, 1 month) are the output classes. So, the proposed methods are used to predict the magnitude of the biggest earthquake (within 0.5) in a pre-defined region in the following month
The logical consequence was paper published in Neural Networks in 2009. In this paper, the authors proposed the architecture of a probabilistic neural network (PNN) as a solution for the same problem that was formulated in .Adeli and Panakkat also used the same set of seismicity indicators as input data for training the network.
The problem of earthquake prediction was treated as a regression task: four regressors (generalized linear models, gradient boosting machines, deep learning and random forest) and ensembles for them were applied.
2.2. PROPOSED SYSTEM 
We present performance evaluation for different configurations and neural network structures that show prediction accuracy compared to other methods. The proposed scheme is built based on feed forward neural network model with multi-hidden layers. The model consists of four phases: data acquisition, pre-processing, feature extraction and neural network training and testing. In this study the neural network model provides higher forecast accuracy than other proposed methods. Neural network model is at least 32% better than other methods. This is due to that neural network is capable to capture non-linear relationship than statistical methods and other proposed methods.
2.2.1. ADVANTAGES OF PROPOSED SYSTEM
 We propose a new neural network model to predict earthquakes in northern Red Sea area. Although there are similar models that have been published before in different areas, to our best knowledge this is the first neural network model to predict earthquake in northern Red Sea area. We analyze the historical earthquakes data in northern Red Sea area for different statistics parameters such as correlation, mean, standard deviation, and other. We present different heuristic prediction methods and we compare their results with our neural network model. Details performance analysis of the proposed forecasting methods shows that the neural network model provides higher forecasting accuracy.
                                 CHAPTER 5
CONCLUSION
The achievements of pattern recognition in the design of reproducible algorithms predicting the large earthquakes and the verified statistical validity of predictions over the last decade, in particular, confirm the underlying paradigms:
· Seismic premonitory patterns exist; 
· Formation of earthquake precursors at scale of years involves large size fault system; 
· The phenomena are similar in a wide range of tectonic environment.
· The phenomena are universal being observed in other complex non-linear systems. 
· Seismic Roulette is not perfect. 
Therefore, the existing predictions could be used in a knowledgeable way to the benefit of population living in seismic regions. The methodology linking them to optimal strategies for disaster management exists and is rather developed (Molchan, 1997, 2003). The intermediate-term middle-range accuracy is quite enough for undertaking earthquake preparedness measures, which would prevent a considerable part of damage and human loss, although far from the total. There is growing understanding expressed by Kofi Annan in the Introduction to Secretary General's Annual Report on the Work of the Organization of United Nations, 1999 - A/54/1: "More effective prevention strategies would save not only tens of billions of dollars, but save tens of thousands of lives. Funds currently spent on intervention and relief could be devoted to enhancing equitable and sustainable development instead, which would further reduce the risk for war and disaster. Building a culture of prevention is not easy. While the costs of prevention have to be paid in the present, its benefits lie in a distant future. Moreover, the benefits are not tangible; they are the disasters that did NOT happen." The predictions provide reliable empirical constrains for modeling earthquakes and earthquake sequences. The prediction results evidence that distributed seismic activity is a problem in statistical physics. They favor the hypothesis that earthquakes follow a general hierarchical process that proceeds via a sequence of inverse cascades to produce self-similar scaling (intermediate asymptotic), which then truncates at the largest scales bursting into direct cascades (Gabrielov, Newman, Turcotte, 1999). Finally, the achieved experience in the straight forward practical approach to earthquake prediction problem provided a unique collection of successes and failures that permit their systematic analysis and further development of the methodology. Obviously, the progress in earthquake prediction research will require more data and, other than seismic, in particular, novel pioneering studies, and verification of arising hypotheses on correlations between the occurrence of extreme events and observable phenomena.
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