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Abstract. The artificial neural network (ANN) approximation is a non-linear black box 

model. This approach can use for modelling of time series of radon gas (222Rn). The 

ANN methodology was used for determining of time series, which have been used for 

earthquake prediction studies. The traditional model applications can be complexed 

sometimes for nonlinear systems. Determining of the characteristic behaviours of the 

time series are very hard. On the other hand, the formation of seismic activity is highly 

important to record the continuous measurements of the soil radon gas (222Rn). The 

chaotic time series analyses methods explain to irregular behaviours of 222Rn gas in the 

dynamic systems, which are not stochastic. Lyapunov exponents’ method is used to 

indicate the existence of chaos time series. Application of methodologies is achieved for 

Kozan, Adana and Osmaniye Regions in Turkey, where it is seismically very active. 
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1  Introduction 
 

Natural and geophysical observations are not regular usually. Earthquake 

occurrence are considerably complex and it has incomprehensible a structure.  

During the seismic formation changes many parameters. One of these 

parameters is 
222

Rn gas. It is occurred by natural radioactive decay chains in the 

Earth’s crust. Soil and rocks contain high level 
238

U as natural source of 
222

Rn 

gas. 
222

Rn gas has 3.82 days half-life and is a noble gas emits alpha particles. Its 
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concentration levels are affected from environmental parameters and geologic 

conditions [1, 2]. Radon concentrations can arise during earthquake or before 

earthquake [3]. There are various studies dealing with the measurements of 

radon in gas emanating from the ground along active faults which may provide 

useful signals before seismic events [4, 5].  

 Chaotic analyses are useful tools to describe the natural irregularity. In this 

study, we have used the chaotic methods and ANN. The non-linear behavior of 
222

Rn in the Earth layers has been showed. The chaos methodologies are applied 

to 
222

Rn data taken from the Kozan, Adana and Osmaniye Regions near the East 

Anatolian Fault Line in order to show non-linear behavior of 
222

Rn. The 

measuring stations are located on the Southern Turkey that is one of the 

Mediterranean regions. The soil 
222

Rn gas, which propagates from the fault 

lines, has a nonlinear characteristic. The nonlinear prediction method with 

nearest neighbor algorithm is now employed to predict the radon gas 

concentration for the year 2009. The errors between the observation and the 

prediction values have been seen clearly.   

 

2  Study Area 
 

The monitoring locations of 
222

Rn gas are Kozan, Adana and Osmaniye regions 

between east longitude (35
0
48’, 35

0
18’, 36

0
14’) and northern latitudes (37

0
26’, 

37
0
01’, 37

0
05’), respectively as shown in Figure 1. 

 

Kozan fault starts from the south of Kozan Town and passes to the north of 

Imamoğlu Town. Sarıkeçili-Karatepe trapping commences as high dips fault, 

which is Karataş Fault [6]. Osmaniye and Adana region is one of the most active 

fault zones in Turkey.  

 

 
                          Fig. 1: Research area and soil radon gas monitoring stations. 
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3  Methodology and Results 

 
Earthquakes are the complex problems. The formation mechanism of the 

earthquake shows nonlinear variations. Determination of the chaotic behavior in 

the natural events’ is very difficult; therefore, chaos theory is a suitable tool to 

show the characteristics of the dynamical system. The chaos methodologies are 

applied to data recorded at Kozan, Adana and Osmaniye Regions located on the 

near East Anatolian Fault Zone (EAFZ), which is one of the world's most active 

zones. 
222

Rn data for the research are recorded from 01/01/2009 to 31/12/2009 

dates. It is continuously measured from the soil at 15 min intervals for a month. 

Application of methodologies is achieved for Kozan, Adana and Osmaniye 

Region, Turkey, where it is seismically very active. 

 

 

3.1 Chaos Methodologies 
 

Chaos can define as extreme sensitive initial conditions [9]. In order to detect a 

chaotic system behavior can be used various methodologies. In this study, the 

tracing of the orbit is detected by qualitative but logical interpretations and 

quantitative methods are used such as the Lyapunov exponents. 

 

3.2 Nonlinear Time Series Analysis  
 

Chaotic time series analyses are not foreseeable systems. These systems have so 

much complexity. Prediction of non-linear time series is an available method to 

interpret characteristics of dynamical systems [7, 8]. Dynamical systems can 

represent a single record of observed variables as )(,),(),( 21 txtxtx n  generated 

by using the phase-space. A scalar measurement shows )()( 0 ntxtxn   

equation. Where, 
0t is beginning time and   is sampling time of experiment [9]. 

 



462    Kamışlıoğlu et al. 

 

 
                                                                (a) 

 
    (b) 
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           (c) 

Fig. 2 (a),(b),(c): Time series state variable for chaotic behavior for Kozan, 

Adana and Osmaniye regions. 

 

Scatterplots of observed and predicted radon concentration are given in Fig. 2 

(a), (b), (c). It can be seen these scatterplots that the results give accurate 

predictions if it is compared with raw data. Figure 2 (a), (b), (c) show 12 

monthly data series for three different regions. 

 

3.3 Lyapunov Exponent 

 
Lyapunov exponents can be defined as the exponential increase or decrease of 

minor perturbations on an attractor. Largest Lyapunov exponent is one of the 

most practical methods to define chaotic behavior in a system [11, 12]. Sano and 

Sawada algorithms, which determine Lyapunov exponents, have very 

advantage. In this study, Sano and Sawada’s algorithm is used for calculation of 

Lyapunov Exponential. Detecting of chaos in a dynamical system is an 

important issue in order to figure out the largest Lyapunov exponent. The 

algorithm bases on the definition of the largest Lyapunov exponent. We have 

demonstrated that the algorithm is fast, easy to do, and robust to change in the 

following quantities; embedding dimension, size of the data set, reconstruction 

delay, and noise level. Lyapunov exponents provide a useful characterization of 
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chaotic systems. For time series produced by dynamical systems, the presence 

of a positive characteristic exponent indicates chaos [13].   

Sano and Sawada’s algorithm works on recorded time-series, where the system 

formulas may not be available. It begins by reconstructing an approximation of 

the system dynamics by embedding the time-series in a phase space where each 

point is a vector of the previous m points in time and separated by a lag of j time 

units. Given this embedding of the time-series, for each point find its nearest 

neighbor (in the Euclidean sense) whose temporal distance is greater than the 

mean period of the system, corresponding to the next approximate cycle in the 

system’s attractor [14]. This constraint positions the neighbors as a pair of 

slightly separated initial conditions for different trajectories. The mean period 

was calculated as the reciprocal of the mean frequency of the power spectrum of 

the time-series calculated in the FFT [15, 16]. Largest Lyapunov exponent is 

calculated according to the following expression.  

1

1
lim

n
j

i j i
n

j

A e
n






         (1) 

Artificial Neural Networks (ANNs) were used in calculation of maximum 

Lyapunov exponent with Sano and Sawada Algorithm. ANNs are a parallel 

method technique that derives new information, explore with learning. These 

capabilities do not achieve another conventional programming, so ANNs have 

been extensively used complex real-world problems [10].  

ANNs can learn with using examples that carry out by people and can determine 

response. Similarly, they can successfully perform learning, identify, 

classification, generalization and optimization.  Artificial cell models have been 

shown in Fig. 3. 
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Fig. 3 : Artificial cell models. 

ANNs learn by using weights rates. If we take correct weights values, the 

network can generate correct outputs. This operation is called network training 

[7]. In this study, Levenberg-Marquardt (LM) method is widely common used 

for training of the ANNs. The primary objective of using activation function is 
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to change depending on the time. The main advantage of ANN is faster than 

other numeric methods and is not necessarily mathematical relationships 

between variables. Therefore, we have used ANN modeling in Sano and 

Sawada’s algorithm which use for calculation of Lyapunov exponents [8]. 

 

The results are given for the 
222

Rn data in Fig. 3 (a), (b), (c). If Largest 

Lyapunov exponents are reached saturation value, then dynamical system 

behavior can be said that is chaotic. 

 

 
(a) 
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(b) 

 
(c) 

 

Fig. 3 (a), (b), (c): Lyapunov exponent for 
222

Rn step by step for 

Kozan, Adana, Osmaniye regions (m: embedding dimension; τ: delay time) 
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Conclusions 
 

Determination of the chaotic behavior of the natural events is considerably a 

difficult task. The chaos theory is a suitable methodology to determine 

characteristics of dynamical systems. The chaos methodologies in order to show 

non-linear behavior of 
222

Rn are applied to Kozan, Adana and Osmaniye regions 

near Osmaniye-Karataş Fault Line and East Anatolian Fault Zone. The soil 
222

Rn gas, which propagates from the fault lines, has a nonlinear characteristic. 

In this study has obtained a solution by using jointly chaos methodology 

(Lyapunov exponent) and ANNs. A chaotic vehicle offers an opportunity to 

measure these irregularities. Chaotic structure of the system was demonstrated 

by creating one-dimensional time series with associated data.  
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