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In this study, we present the Seismic Hazard Possibility Space (SHPS) for the
city of Ahvaz. To achieve this, we applied the intuitionistic fuzzy method to
weigh the logic tree used in the hazard analysis and constructed the SHPS based
on expert opinions regarding the degrees of membership and non-membership.
Hazard disaggregation was performed by through the concept of intuitionistic
fuzzy sets, leading to the development of an intuitionistic fuzzy of an
Intuitionistic Fuzzy Logic Tree (IFLT). The SHPS includes both the degree of

Accepted 4 November 2024 mempership and non-membership for pathways contributing to hazard

generation. The SHPS illustrates the acceptance, hon-acceptance, and ambiguity
associated with potential hazard values from an expert perspective, thus
assisting analysts in selecting appropriate hazard values. According to the
numerical results of our analysis in the Ahvaz region, the seismic hazard is
located in an uncertainty (unacceptability) zone, indicating that experts have
low confidence in the results of the probabilistic seismic hazard analysis
(PSHA) for Ahvaz. In addition, the hazard is characterized by an "unconfident
zone". This finding indicates that experts are fairly confident in the results of
the analysis for Ahvaz. This finding implies that the models and parameters
used in the PSHA for this region are not accepted by experts, and further efforts
are needed to identify or develop appropriate models and accurate parameters
specific to the area. In conclusion, this research demonstrates how intuitionistic
fuzzy sets can be used to construct SHPS, providing a novel framework for
quantifying uncertainty and expert opinion in hazard assessment.
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uncertainties arising from incomplete data and
oversimplified models. This paper proposes the
integration of Intuitionistic Fuzzy Logic Trees
(IFLT) into the PSHA framework to address
these uncertainties and improve the clarity of
seismic risk assessments. This approach enables
analysts to explore different scenarios and
provide more accurate answers, ultimately
contributing to improved risk management
strategies in earthquake-prone regions.

Introduction

Ahvaz, the capital of Khuzestan Province, is
recognized as a major industrial center,
particularly in the oil, gas and steel sectors.
With a population of over 1.5 million, the city
lies on the southern edge of the Zagros Fold
Belt and is influenced by the subduction
movements of the Arabian Plate, resulting in
frequent seismic activity. Seismic hazard
assessments in Ahvaz show a high degree of
variability, mainly due to uncertainties in data
and seismic sources. Probabilistic Seismic
Hazard Analysis (PSHA) serves as a critical
method for assessing these risks; however, it
faces challenges related to cognitive biases and

Materials and Methods

The main objective of this research is to
construct the possibility space of seismic hazard
and analyze it using intuitionistic fuzzy theory.
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Considering the geographical location and
history of earthquakes in Ahvaz, this study aims
to provide an analytical framework for seismic
hazard assessment and reduce the existing
uncertainties in this field. In this study,
intuitionistic fuzzy sets were used to construct
the possibility space of seismic hazard. This
method allows analysts to incorporate expert
opinions and experiences in the form of
membership and non-membership degrees into
analyses. By weighting the logic tree of hazard
analysis, different hazard scenarios were
examined in more detail. This approach enables
analysts to choose appropriate hazard values
with a clearer understanding of different hazard
scenarios.

Results and Discussion

The results indicate that the seismic hazard in
Ahvaz falls within the "non-acceptance" or
"uncertainty” region. This means that experts
have little confidence in the results of
probabilistic seismic hazard analyses in this
area. The analyses also show that in the current
situation, the existing uncertainties in seismic
hazard assessment can lead to incorrect
decision-making. The combination of non-
acceptance and low ambiguity in seismic hazard
analysis implies that experts are quite confident
in rejecting the hazard analysis outcomes for
Ahvaz. This study can be used as an innovative
framework for quantifying uncertainty and
expert opinions in seismic hazard assessment.
Using intuitionistic fuzzy theory in this field
allows analysts to choose appropriate hazard
values with a clearer understanding of different
hazard scenarios. This can improve the quality
of decision-making in crisis management and
urban planning. Given the results, it is
suggested that further research be conducted to
improve seismic hazard models in Ahvaz.
Using historical data and past experiences can
also help increase the accuracy of analyses.

Additionally, examining the social and
economic impacts of earthquakes on the
community and urban infrastructure can be
considered as an important area of research.

Conclusions

This study can be used as an innovative
framework for quantifying uncertainty and
expert opinions in seismic hazard assessment.
Using intuitionistic fuzzy theory in this field
allows analysts to choose appropriate hazard
values with a clearer understanding of different
hazard scenarios. This can improve the quality
of decision-making in crisis management and
urban planning. Based on the results, it is
suggested that further research be conducted to
improve seismic hazard models in Ahvaz. The
use of historical data and past experience can
also help to improve the accuracy of the
analyses. In addition, investigating the social
and economic impacts of earthquakes on the
community and urban infrastructure can be
considered as an important research area. In
general, this research is recognized as an
important step in seismic hazard assessment in
Ahvaz and the application of intuitionistic
fuzzy theory in this field. In view of the results,
there is a growing need to address uncertainties
and improve existing models in seismic hazard
assessment is increasingly felt. This approach
can be used as an effective tool in crisis
management and urban planning against natural
hazards. Seismic hazard analysis not only helps
to reduce human and financial losses, but can
also strengthen urban infrastructure and
increase community resilience against to natural
disasters. Therefore, attention to the social and
economic dimensions of these analyses is
essential. By better understanding the risks and
preparing to deal for them, it is possible to
improve the quality of life and increase the
safety of residents in earthquake-prone cities.
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Table 1. Symbols used in the logic tree of Figure 5

Sles Chog Sles Capogs
R e JS F3 Campbell, 1997
R-B (05 o i9) W JuuS F4 Khademi., 2002
R-A (39l JuS ci90) @lie JS F5 Sharma et al., 2009
Akkar et al.,2014; Gasemi et al.,2009;  Suals L, F6 Saffari et al., 2012
F1 Hamzehloo and mahood., 2012; Sedaghati and Pezeshk, 2017; E; ABotr)nmer et ?I.I’ 2(2)835
Y e )9) Zafarani et al., 2012 mbraseys et al.,
( o33 F9 Zare et al., 1999
F2 Boore et al., 2014 F10 Ghodrati Amiri et al., 2007
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Table 2. Sample results of degree of membership and non-membership as well as the seismic hazard (earthquake
pga) of some branches of Intuitionistic fuzzy logic tree of Figure 5

el wo) | (g ks Al (9) | (g5 =
AgB,CaDgEgF, | (0/31,0/59) 0/22 AgB,CeDgEgF, | (0/28,0/62) 0/24
AgB,CaDgEgF, | (0/26,0/63) 0/29 AgB,CeDgEgF, | (0/24,0/52) 0/28
AgB,CaDgEgFs | (0/22,0/51) 0/29 AgB,CeDgEgFs | (0/32,0/51) 0/32
AgB,CsDgEgF, | (0/27,0/61) 0/23 AgB,CeDgEgFs | (0/32,0/51) 0/32
AgB,CaDgEgF: | (0/25,0/52) 0/26 A5B,CeDgEgFy, | (0/32,0/51) 0/20
AgB,CsDgEoF, | (0/31,0/59) 0/21 AgB,CaDgEoF, | (0/28,0/62) 0/24
AgB,CaDgEoF, | (0/26,0/63) 0/31 AgB,CeDgEoF, | (0/24,0/52) 0/23
AgB,CaDgEoFs | (0/22,0/51) 0/37 AgB,CeDgEoFy | (0/32,0/51) 0/22
AgB,CaDgEoF, | (0/27,0/61) 0/39 AgB,CaDgEoF, | (0/32,0/51) 0/36
AgB,CeDgEoF; | (0/25,0/52) 0/31 AgB,CaDgEoFyy | (0/32,0/51) 0/20
AgB,CeDgEsoF, | (0/31,0/59) 0/28 AgB;CaDeE1oFs | (0/28,0/62) 0/39
AgB,CyDgE oF, | (0/26,0/63) 0/37 AgB;CaDeE1oF, | (0/24,0/52) 0/40
AgB,CyDgE o Fs | (0/22,0/52) 0/28 AgB;CaDgE1oFs | (0/32,0/52) 0/38
AgB,CsDgE oF, | (0/27,0/61) 0/38 AgB,CeDgEyoFy | (0/32,0/52) 0/28
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AgB,CsDgE1oFs | (0/25,0/52) 0/34 AgB,CaDgEroFrg | (0/32,0/52) 0/31
AgB,CsDoEgF, | (0/31,0/59) 0/33 AgB,CsDoEgF, | (0/28,0/62) 0/30
AgB,CsDoEgF, | (0/26,0/63) 0/21 AgB,CsDoEgF, | (0/24,0/52) 0/25
AgB,CsDoEgFs | (0/22,0/51) 0/29 AgB,CsDoEgFs | (0/32,0/51) 0/30
AgB,CaDoEgF, | (0/27,0/61) 0/39 AgB,CaDoEgFy | (0/32,0/51) 0/27
AgB,CsDoEgF; | (0/25,0/52) 0/21 AgB,CsDoEgFy | (0/32,0/51) 0/27
AgB,CaDoEoF, | (0/31,0/59) 0/29 AgB,CaDoEoF, | (0/28,0/62) 0/22
AgB,CsDoEoF, | (0/26,0/63) 0/28 AgB,CsDoEoF, | (0/24,0/52) 0/35
AgB,CsDoEoFs | (0/22,0/51) 0/34 AgB,CyDoEoFy | (0/32,0/51) 0/33
AgB,CsDoEoF, | (0/27,0/61) 0/33 AgB,CeDoEoF, | (0/32,0/51) 0/23
AgB,CsDoEoFs | (0/25,0/52) 0/29 AgB,CeDoEoFy, | (0/32,0/51) 0/31
AgB,CaDoEroF, | (0/31,059) 0/21 AgB,CeDoE,oF, | (0/28,0/62) 0/30
AgB,CsDoEsoF, | (0/26,0.63) 0/24 AgB,CeDoE,oF, | (0/24,0/52) 0/31
AgB,CoDoEyoFs | (0/22,0.52) 0/37 AgB,CsDoEyoFy | (0/32,0/52) 0/22
AgB,CsDoEsoF, | (0/27,0.61) 0/36 AgB,CsDoEyoFy | (0/32,0/52) 0/36
AgB,CsDoEyoF; | (0/25,0.52) 0/32 AgB,CaDoEsoFyy | (0/32,0/52) 0/26
AgB,CsD1oEgF, | (0/31,0.59) 0/28 AgB,CaDioEgFs | (0/28,0/62) 0/27
AgB,CaDyoEgF, | (0/26,0.63) 0/32 AgB,CaDyoEgF, | (0/24,0/52) 0/33
AgB,CyDyoEgFs | (0/22,0.51) 0/35 AgB,CaDyoEgFs | (0/32,0/51) 0/30
AgB,CyDyoEgF, | (0/27,0.61) 0/28 AgB,CsDyoEgF, | (0/32,0/51) 0/24
AgB,CyDyoEgFs | (0/25,0.52) 0/37 A3B,C5D1oEgFyo | (0/32,0/51) 0/28
AgB,CeDyoEoF, | (0/31,0.59) 0/24 AgB,CsDyoEoF, | (0/28,0/62) 0/36
AgB,CeD1oEoF, | (0/26,0.63) 0/37 AgB,CsDyoEoF, | (0/24,0/52) 0/36
AgB,CeD1oEoFs | (0/22,0.51) 0/23 AgB,CsDyoEoFs | (0/32,0/51) 0/37
AgB,CeDyoEoF, | (0/27,0.61) 0/23 AgB,CsDyoEqF, | (0/32,0/51) 0/38
AgB,CeDyoEoFs | (0/25,0.52) 0/35 AgB,CaD1oEoFy, | (0/32,0/51) 0/30
AgB,CeDy0E1oF, | (0/31,0.59) 0/38 A5B,CsDyoEyoF, | (0/28,0/62) 0/32
AgB,CyDy10E1oF, | (0/26,0.63) 0/20 A3B,CsDyoEyoF, | (0/24,0/52) 0/29
AgB,CyD10E1oFs | (0/22,0.52) 0/33 A5B,CsDyoEyoFs | (0/32,0/52) 0/31
AgB,CaDyoEsoFy | (0/27,0.61) 0/21 AgB,CaDyoEroFy | (0/32,0/52) 0/27
AgB,CD1oEyoFs | (0/25,052) 0/27 AgB,CsD1oEroFrg | (0/32,0/52) 0/23
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Fig. 6. The seismic hazard possibility space of in the Ahvaz city
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