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ABSTRACT 

The earthquake phenomenon is a very complex and unpredictable nature. The Iranian plateau is 
located in the middle part of the Alpine-Himalayan seismic belt. The region of study is located 
in the northwest of Iran, between 43°-50° E longitude and 35.5°-40.5° N latitude. Seismic 
hazard assessment similar to other seismology research is very complicated due to the effect of 
different parameters in an earthquake occurring with uncertainty. The fuzzy method in this 
study makes it possible to allow uncertainties to be considered in this study. In this study, using 
a fuzzy inference system, as the practice is based on uncertainty estimation of seismic hazard for 
the region Tabriz, is done. Peak ground Acceleration value is estimated to be for fuzzy Logic 
System in deterministic method 0.55g.  
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Introduction 
Fuzzy logic is one of the technique that can be used to take into account the uncertainties 
existed in the phenomenon enter probabilistic or mathematical models (Zadeh 1965). Fuzzy 
expert systems are modeled capable of solve problem as well as expert human. Earthquake is a 
complex issue, which result from various variables that affect its occurrence, like seismic hazard 
assessment. Uncertainty, which is a result of vagueness and incompleteness of the data, should 
be considered in a rational way. Fuzzy logic can be modeled for two kinds of uncertainties (as 
low knowledge and human instrumentation and as lack of perspicuity in complex phenomenon), 
whereas seismic hazard assessment (SHA) face with many uncertainties, using fuzzy logic 
system can help us to take into account the uncertainty existed for solving problems.  
The northwestern region of Iran has experienced devastating earthquakes in recent years, 
causing irreparable mortalities and financial losses, which can be mentioned. The 858-year 
earthquake in Tabriz, which was completely destroyed, was a 4 November 1042 earthquake that 
killed 40,000 people from and part of the city was completely destroyed and the earthquake of 
January 8, 1780, which was destroyed by the city of Tabriz, and the number of kills was about 
50,000. (Ambraseys and Melville. 1982), As a result, the risk assessment in this area is 
necessary for a way that reduces uncertainties. 
Our main goal is Fuzzy-logic system approach for deterministic seismic hazard (DSH) 
assessment of the Tabriz region that it is the first time that a fuzzy logic system is used in DSH 
assessment for the Tabriz region.  
 
Methodology and Data 
Fuzzy logic is a method to computing based on degrees of correct and completely false rather 
the usual “correct or false” Boolean logic on which the modern computer science is based. 
When a linguistic variable is used, these degrees may be managed by specific membership 
functions. A Fuzzy inference system is a system that uses fuzzy set theory to map inputs to 
outputs. We used Mamdani’s fuzzy inference system. To compute the output of this method, 



 

  

one must go follow steps: 
 -Identification of seismic sources , 
 -Fixed the maximum magnitude earthquake (Mmax) and site-to-source distance (R) for each 
source 
 -Determining a set of fuzzy rules by an expert, 
 -Fuzzifying the inputs membership functions, (according to our data ranges for parameters and 
expert human idea, the bell membership function is considered), 
 -Aggregration of the rule outputs, 
 -Defuzzifying the output distribution (we used centroid defuzzification of area). 
In this study, 34 of potential seismic sources in Iran were defined by Mousavi-Bafrouei et al. 
(2015), located between 35.5°-40.5° N latitude and 43°-50° E longitude were used (Figure 1). 
 

 
Figure 1: Potential seismic source in the study with maximum magnitude (Mmax). The Red hexagonal 

represents the site of Tabriz city. 

 
The distance between each site-to-source is determined. According to more attenuation 
relationships, in this study three input parameters including Mmax, R and S (fault-type) are 
defined as fuzzy set by the discrete membership functions µ(Mmax), µ(R), µ(S), respectively. 
And PGA is the output parameter for providing a fuzzy inference engine is used. We used bill 
membership functions. For example membership function for fault-type is shown in Figure 2. 

  

  
Figure 2: membership functions for S (fault-type). 

 



 

  

According to our data set, fuzzy rules are defined by an expert human. Some of them fuzzy 
rules which are used for fuzzy inference engine are defined as follow: 
 - If (distance is near) and (Mmax is short) and (fault-type is thrust) then (PGA is low) , 
 - If (distance is medium) and (Mmax is short) and (fault-type is thrust) then (PGA is low). 
We used Mamdani method and centroid defuzzification of area to defuzzifier the output 
distribution. 
 
Discussion and Conclusion 
 Math-lab software is used for making a fuzzy inference system. According to our set data 
(input and output parameters), Mamdani method is used. 
According to the results of a deterministic seismic hazard estimation using fuzzy logic, we 
plotted contour map of PGA based on values of PGA for each source in the Tabriz region 
(Figure 3). Figure 3 indicates that the horizontal acceleration of the Tabriz province varies 
between 0.02g to 0.55g for the Tabriz site. According to the results, the PGA in the adjacent 
areas of Tabriz exceeds 0.3g. 
 

 
Figure 3: Contour map showing the spatial variation of PGA over Tabriz. 

 

According to PGA zonation map of Iran (BHRC 2008), the city of Tabriz is located in a 
relatively high seismic zone. Our result is in good agreement with a seismic zonation map of 
Iran. Some seismic hazard studies have been done for Iran that is considered our study area, 
yielding to different results based on data set and methods, like Moeinfar et al. (2012), 
Karimiparidari et al. (2013), Hamzehloo et al. (2012) and Tavakoli and Ghafori-Ashtiani 
(1999). 
Also, probabilistic seismic hazard assessment in Tabriz city (Ghodrati-Amiri et al. 2011) is 
evaluated from PGA=0.35-0.87g in the northeast to the PGA=0.19-0.36g in the southwest. 
Recently Moosavi-Bafrouei et al. (2015) studied on seismic hazard zoning in Iran and 
estimating PGA in provincial capitals, so evaluated PGA=0.45-0.55g in Tabriz city. Previous 
studies are a good agreement with our result. 
In addition, the fuzzy system is flexibility based on expert knowledge to solve problems and it 
would simplify the process of deterministic seismic hazard and considering the uncertainties, so 
it improves accuracy and can help seismologist to the deterministic risk and our finding is good 
in validity. 
We evaluated seismic hazard in The Tabriz City that is center of the Northwest of Iran by using 
Fuzzy Inference System. Our data were 34 potential seismic source with M≥5.5. The result is 
shown the largest of the PGA is belongs to source 17 with the Mmax value of 8.0 and              



 

  

the distance of 36.98 km of Tabriz city, there for the design ground motion parameter is     
PGA= 0.55g. 
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